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A

DICTIONABY
OF

APPLIED OHEMISTRY.

OAK-BARK. The oak tree is generally
barked from the beginning of May till the
middle of July. The barkers make a longi¬
tudinal incision with a mallet furnished with a

sharp edge, and a peculiar incision by means of
a barking-bill. The bark is tben removed by peel-
ing-irons, the séparation being promoted, when
necessary, by beating the bark. It is stacked in
pièces about 2 feet long (Ure), v. Leathee.

OAK-GALLS v. Gall nuts.
OAK-VARNISH v. Vaknish.
OATS v. Ceeeals.
OBREGUIN. A substance lntermediate in

character between the fats and resins, occurring
in Mexico on the twigs of Alcea rosea. Nearly
insoluble in water ; easily soluble in etber, chloro-
form, and turpentine oil. On evaporating, its
solutions form a colourless, odourless mass, of
the consistency of turpentine. Saponifiable by
alkalis.

OBSIDIAN. A vitreous, voleanic rock, gene¬
rally jet-black or of dark bottle-green tint, and
nearly opaque, except on the thin edges, which
are translucent. Obsidian results from therapid
cooling of rocks of acid type, sucb as trachytes,
the corresponding glass in the basic sériés being
termed tachylite. Microscopic examination of
obsidian usually reveals the presence of numer-
ous inclosures, known as crystallites and micro-
lites, which may be so abundant as to render the
rock opaque and devitrified. Many obsidians
présent a banded structure, while otbers are
spherulitic. It is commonly said tbat pumice-
stone represents the froth of a molten obsidian,
but J. F. Blake, after examining the pumice
workings at the Campi Bianebi in the Island of
Lipari, believes, on the contrary, that obsidian
is there formed by the fusion of a purnieeous rock
(Proc. Geol. Assoe. 11,1889,173). Obsidian, when
fractured, présents a sharp-cutting edge, and
hencë in parts of Mexico where the material is
abundant-, as at the Cerro de Navajas ('Hill of
Knives '), it was used by the Aztecs for knives,
razors, and arrow-heads. It bas also been em-

ployed by savages in other voleanic countries as
a kind of natural glass. Obsidian has occa-

Yol. III.—T

sionally been eut and polisbed as a gem-stone,
but displays too little colour, even when thin,
and is, moreover, too soft for général use. A
dark variety with a silvery sbeen is, however,
used for ornamental purposes in Siberia, while
a brownish-red streaked variety, known as
'mahogany-obsidian,' has been employed to a
limited extent as a décorative material in the
United States. On Obsidian Cliff, Xellowstone
National Park, v. J. P. Iddings, Seventli Ann.
Rep. U.S. Geol. Sur. 1888. F. W. R.

OCCLUSION (occludo,to shut up). Graham's
term for the process of absorption or condensa¬
tion of gases within the pores of a substance,
e.g. the absorption of hydrogen by platinum and
palladium, or the condensation of marsh-gas or
fire-damp in coal.

OCHRE. A name applied to various native
pigments, distinguisbed according to colour as
yellow, brown, and red ochres, and consisting
essentially of ferrie hydrate, usually more or less
earthy by admixture with clay or sand. Deposits
of fine yellow oebre occur in the Lower Green-
sand of Sbotover Hill, near Oxford. Red and
brown ochres are commonly associated with iron-
ores, espeeially with the liannatite occurring in
pockets in the carboniferous limestone, and bave
been worked in South IVales, theForest of Dean,
near Bristol, at Brixham in Devonshire, Ulver-
ston in laneashire, and near Workington in
Cumberland. Some of the finest ochres of com¬

merce are obtained from France, and are known
as Auxerre and Rochelle ochres. In the United
States ochres are worked in connection with
many deposits of iron-ore, espeeially in Virginia
and Pennsylvania. Some ochres are so pure as
to be ready for use after having been simply
dried, ground, and bolted ; while others require
careful préparation by wasbing and levigating.
The value of an ochre dépends, not only on its
colour, but on the proportion of oil required to
be mixed with it for use as a pigment. The
presence of finely-divided silica is not always
detrimental to an ochre, inasmuch as it may
enable the paint to adhéré to fibres of the wood
to which it is applied, and by filling up spaces

B
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OCHRE.

may iniprove its eovering power. Coarse ochre
is extensively employed in the manufacture of
oilcloth and linoléum, while the finer kinds of
ochre are valued by the papermaker for stain-
ing the pulp to its required tint. In commerce
the terni ' ochre ' is frequently restricted to the
pale yellowish-brownvarieties. In mineralogy, on
the contrary, it is extended to a variety of
metallic oxides and other compounds formed as
products of altération and occurring as earthy
incrustations on the minerais from which they
have been derived by atmospheric action. Thus
the mineralogist recognises such bodies as anti-
mony ochre, bismuth ochre, molybdic ochre,
nickel ochre (an arseniate), uranium ochre (a
sulphate), and wolfram ochre. F. W. R.

OCHROITE v. Gerium metals.
OCRE DE RU. Brown ochre v. Pigments.
OCTOIC ACID. Caprylic acid v. Fatty acids.
OCTYL Capryl C8H,,. The eighth alcohol-

radicle of the sériés C„H2„+1. Like other mem-
bers of this sériés, it cannot exist in the free
state ; when liberated from its compounds it is
converted into dioctyl C18H34, a body isomeric
and perhaps identical with hydride of cetyl.

The compounds of this radiele occurin petro-
leum, in the seeds of the common- and cow-

parsnip, and in the products of the distillation
of some varieties of coal.

Octylic AI.COHOL CaHl7.OH. A large num-
ber of isomeric alcohols with this formula are

possible, but only the following have been pre-
pared :—

Primary alcohols. Iso-heptyl carbinol
CH.Me2.C5H10OH.

B.p. 194-1° (cor.) (Gartenmeister, A. 233, 249).
195-5° (in the vapour) (Zander, A. 224, 84).
Sp.gr. g = -83G9 (Gartenmeister), a = -8375
(Zander).

Properties.—A eolourless oily fluid, with a
penetrating aromatic odour. The taste is sweetish
at first, then pungent and burning. It is mis¬
cible with alcohol and ether, but nearly insoluble
in water.

Occurrence.—In the free state, and as acetate
and caproate in the seed of Heraclcum Sphon-
dylium, the eow-parsnip, and of Heracleum
giganteum (Zincke, A. 152,1 ; Moslinger, A. 185,
26) ; as octylic butyrate in the oil of the ripe
seeds of Pastinacea sativa, the common parsnip
(Renesse, A. 166, 80).

Préparation.—The portion of cow-parsnip
oil which boils between 190°-195° is collected
and purified by fractional distillation, the acetate
passes over between 206°-208°, and is saponified
and distilled to obtain the alcohol.

Réactions.—On oxidation octoic acid is
formed.

Secondary alcohols. (1.) Methyl-hexyl
carbinol (CH2)3Pr».CHOH.Me. B.p. 179°-179"2°
at 762 mm. (Sehiff, A. 220, 103), 179-5° (Schor-
lemmer, J. 1875,28), 177-6°-177-8° at 745-4 mm.
(Briïhl, A. 203,28). Sp.gr. f = -8193, 122 = -67815
(Briihl), 12 = -823 (Bouis, A. 97, 34), 15 = -826
(Pelouze and Cahours, A. Ch. 129, 91). Heat of
combustion 1,262,105 cal. (Louguinine, A. Ch.
[5] 25, 141).

Formation.—By the distillation of alkaline
ricinoleates with excess of potash (Morchnin, A.
87, 111 ; Bouis, loc. cit. ; Stadeler, J. 1857, 358 ;
Daeliauer, A. 106, 269 ; Schorlemmer, A. 147,

222). By the distillation of the saponified oil
of the seed of Curcas purgans (Silva, Z. 1869,
185).

Properties.—A limpid, oily, inactive liquid,
with a strong aromatic odour, soluble in alcohol,
ether, wood-spirit, and acetic acid, insoluble
in water. It dissolves phosphorus, sulphur,
iodine, fused zinc ehloride, fats, resins, and copals.

Préparation.—Castor oil (which contains
sodium rieinoleate) is distilled with excess of
potash ; the portion which passes over between
176°-180° is collected and purified by fractional
distillation.

Réactions.—On oxidation it yields, first,
methyl-hexyl ketone MeCOC8H13, subsequently
acetic and normal caproic acids are formed. It
reduces oxide (but not nitrate) of silver when
heated with it, forming a metallic mirror. With
hydrochloric acid, phosphorus pentachloride,
bromine or iodine and phosphorus, &c., it ex-
hibits the usual reactions of secondary alcohols.

(2.) Pelouze and Cahours (J. 1863, 528) ob-
tained a secondary octyl alcohol by distilling
octyl acetate from American petroleum with
potash. B.p. 180°-184°. It is perhaps identical
with methyl-hexyl carbinol.

(3.) Octylene hydrate. B.p. 174°-178°.
Sp.gr. 2 = -811 (Clermont, J. 1868, 449).

Properties.—A mobile, limpid liquid, with
an aromatic smell and pungent taste, soluble in
alcohol or ether, but not in water.

Préparation.—By the distillation of octylene
acetate with anhydrous potash.

Reactions.—On oxidation it yields acetic
and caproic acids and a ketone.

(4.) Et2CH.CHOH.Et. B.p. 164°-166° (Win- !
gradow, A. 191, 125).

Properties.—A clear liquid, with a pleasant
odour. Scareely soluble in water, combines
with hydrogen iodide on warming.

Préparation.—Zinc ethyl and bromacetyl-
bromide are mixed at a low température, in the !
proportion of 3 molécules of the former to one [
of the latter, allowed to stand for some time,
and distilled.

(5.) Ethyl-isoamyl carbinol
PrO(CH2)2.Et.CHOH.

B.p. 182°-186° (Schorlemmer, A. 152, 152).
Préparation.—The octane produced by the

action of zinc and hydrochloric acid on the
secondary octyl iodide prepared from methyl- S
hexyl carbinol is converted into acetate, and
distilled with alcoholic potash.

Réactions.—On oxidation with chromic acid
it yields an acid isomeric with caprylic acid
CsH1602, and a ketone isomeric with methyl-
hexyl ketone, but which on further oxidation
splits up into propionie and valeric acids, with-
out a trace of acetic acid.

(6.) Diisobutyl hydrate, (a.) Primary alco- I
hol. B.p. 179°-180° at 765 mm. (uncor.), re- I
mains fluid at —17°, sp.gr. 2 =-841, ® = -828, Ë
122 = -767. V.D. = 66-02(calculated65-0)(Williams, £
C. S. Mem. 35, 125).

Préparation.—By saponification of the aegtate
with potash and fractional distillation.

Properties.—A clear liquid, with an orange-
like odour and a burning taste, soluble in alco- [,
hol and ether.

(b.) Isosecondary alcohol. This is obtained
together with the primary alcohol, and sapa-
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OOTYL. 3

rated from it by fractional distillation. B.p.
1 "t0

160°-163° under 755 mm. Sp.gr. ='820.

^ = -811. V.D. = 65-38 (calculated 65-38)
(Williams, loc. cit.).

Tertiary alcohols. (1.) Diethylpropyl-
carbinol. EUCPr.OH. B.p. 145°-155° (But-
lerow, Bl. 5, 17).

Préparation.—Butyrylehloride Ç3H,COCl is
treated with zinc ethyl. The product is left for
several days till it becomes viscid; it is then
heated, acidified with hydrochloric acid, and
distilled.

Properties.—A viscid liquid, with an alco-
holic camphorated odour, lighter than water,
and slightly solubie in it.

Réactions.—By oxidation with ehromic acid,
propionic and acetic acids are formed.

(2.) Isodibutol Me3.C.CH2.CMe2OH. B.p.
146-5-147-5°. Sp.gr. jj■ = -8417, congeals at — 20°.
A colourless viscid liquid, with a musty cam¬
phorated odour.

Préparation.—From di-isobutylene hydriod-
ide and silver oxide.

Reactions.—On oxidation it yields acetone,
trimethylacetic acid, acetic acid, an octoie acid
C„H160.,, and a ketone C,H140 (Butlerow, A. 189,
53).

Octane. Octyl liydride, Gapryl hydride
G8H]8. This hydrocarbon is one of the eonsti-
tuents of American petroleum, and is found in
the portion of the oil boiling between 115°
and 130°. Ligroïn consists essentially of C;H16
and C8HI8 (Pelouze and Cahours, A. 127, 197).
It is also found among the light oils obtained
by distilling Wigan cannel coal at a low tem¬
pérature (Sehorlemmer, C. S. 15, 419).

Eighteen isomeric hydrocarbons, having the
formula CSH18, are theoretically possible, but
only a few of these have been prepared. The
octane from American petroleum may be sepa-
rated by prolonged distillation into two hydro¬
carbons, one of which boils between 119°-122°,
the other between 123°-125°'.

(1.) Octyl hydride. B.p. 125-46° (cor.)
(Thorpe, C. S. Jlem. 37, 217) ; 124° (Sehor¬
lemmer, A. 161, 281). Sp.gr. £ = -71883 (Thorpe) ;
— = •7032 (Sehorlemmer). V.D. = 56-68 (calcu¬
lated 56-88).

Formation.—By the action of Zn and HC1
on secondary octyl iodide (Sehorlemmer, A. 152,
152) ; by heating sebacic acid with baryta
(Riche, A. 117, 265) ; by the action of sodium
on normal butyl iodide (Sehorlemmer) ; by the
action of sodium amalgam on isoprimary octyl
iodide (Zincke, A. 152, 15) ; by the action of
zinc chloride on amylic alcohol (Wtirtz, A.
128, 230) ; by the dry distillation of the lime
soap of Menhaden oil ; by passing tridecane
C13H26 through a red-hot tube (Vohl, J. 1865,
841); also by heating phthalic acid, indigo blue,
or acenaphthen, &e., with hydrogen iodide.

Properties.—It is a colourless liquid, with a
faint ethereal odour, exhibiting the général
characteristics of the parafhns. The octanes
prepared by the above methods are probably not
ail identical, but in physieal and chemical cha-
raeters they are almost undistinguisbable.

Diisobutyl Me2CH(CH.,)2CHMe2. B.p. 108-53°
(cor.) (Thorpe, loc. cit.) ; 108°-i08-3° at 745

mm. (Williams, C. J. 35, 125); 107'8°-107-9°
(Schiff, A. 220, 88). Sp.gr. -7111 (Thorpe);

= -7001 ; ^ = -6166 (Schiff). V.D. = 56-90.
(calculated 56-88) (Thorpe). Critical tempéra¬
ture 270-8 (Pawlewski, B. 16, 2634). Capillarity
constant at boiling-point. a- = 3-909 (Schiff, A.
223, 104). md = 1-3943, ^-^ = -5655, o = 0'6972

Vu —1
at 16°. Refraction équivalent—^— =64-47.

Préparation.—By the action of sodium on
isobutyl iodide (Wûrtz, A. 96, 365) ; by the
action of sodium on isoamyl and isopropyl
iodides (Sehorlemmer, A. 144, 188) ; by the
electrolysis of potassium valerate.

Properties.—A colourless, mobile liquid, with
an ethereal odour and burning taste.

Reactions.—On oxidation with ehromic acid,
acetic acid and carbonic anhydride are formed.

On chlorination by Schorlemmer's method
(Phil. Trans. 1872, 122) a mixture of primary
and secondary chlorides is obtained. Similarly,
a mixture of primary and secondary acetates
is formed by the action of glacial acetic acid
and potassium acetate (Williams, C. J. 35, 125).

Hexmethyl ethane CMe3CMe3. A crystal-
line substance, m.p. 96°-97°. B.p. 105°-106°
(Lwow and Chrapowicki, Bl. 35, 169). Obtained
by the action of sodium on tertiary-butyl iodide.

Octyl chloeides CsH17C1.
Iso-primary chloride. From isoheptyl-

carbinol. B.p. 179-5°-180°. Sp.gr. 12 =-8802.
Préparation.—By the action of hydrochloric

acid gas on isoheptyl carbinol (Zincke-, loc. cit.).
A limpid liquid, solubie in absolute alcohol and
in ether, insoluble in water.

Secondary chlorides. (1.) From methyl-
hexyl carbinol. C8H13.CHCl.Me. B.p. 175°
(Bouis), 170°-172° (Sehorlemmer, C. J. 15, 419),
168°-172° (Pelouze and Cahours, A. 129, 91).
Sp.gr. la = -892 (Sehorlemmer), la=-895 (Pelouze
and Cahours).

Formation.—By the action of hydrogen or
phosphoric chloride on the carbinol (Bouis) ;
by the action of hydrogen chloride on octylene
(Berthelot, A. 104, 185) ; by the action of
chlorine on octane (Sehorlemmer ; Wûrtz, J.
1863, 509 ; Pelouze and Cahours)'.

Properties.—A colourless liquid, with a strong
smell of oranges.

Reactions.—It does not precipitate salts of
silver. It is decomposed by potassium or sodium
in the cold, yielding dioctyl C]6H34. By repeated
distillation with sodium, hydrogen is evolved
and octylene CSH,S is formed.

(2.) The octyl chloride prepared from petro¬
leum octane exhibits the same reactions as that
obtained from the alcohol, but on treatment
with concentrated acetio acid and potassium
acetate, octylene and octylacetate are formed in
equal quantifies, whereas the chloride from the
carbinol yields three times as much octylene as
octyl acetate (Sehorlemmer, A. 152, 152).

(3.) Diisobutyl chloride. B.p. 165°. Sp.gr.
= -8834 (Sehorlemmer, A. 144, 190).
Tertiary chlorides. (l.)Fromdielhylpro-

pylcarbinol Et2.PrCHCl. B.p. 155°. A liquid
with a peculiar unpleasant odour. Prepared by
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the action of phosphoric chloride on the carbinol
(Butlerow, Bl. 5, 17).

(2.) Isodibutol chloride Me3.C.CH2.CClMe2.
Boils with décomposition at 145°-150°. Sp.gr.
a = -890. It is formed by the action of fuming
hydrochloric acid on diisobutylene at 100°
(Butlerow, A. 189, 51).

Octyl bromides.
(1.) Primary C;H,..CH._,Br. B.p. 198°-200°.

Sp.gr. is = 1-116. A colourless liquid prepared
by the action of bromine and phosphorus on
normal octyl alcohol.

(2.) Secondary C„H]3.CHBr.Me. B.p. 187-5°-
188-5° at 741 mm. Sp.g. 32 = 1*0989 (Lachowicz,
A. 220,185).

Préparation.—By treating methylhexylcar-
binol with bromine and phosphorus, or by satu-
rating the carbinol with hydrogen bromide at 0°,
and heating for a few hours to 100°.

Properties.—It is an oily liquid, resembling
the chloride in smell ; it is soluble in alcohol but
not in water. It boils with décomposition and
leaves a carbonaceous residue when distilled. It
précipitâtes silver salts in alcoholic solution, but
less readily than the iodide.

Octyl iodides.
Primary iodide C.H15.CH,I. B.p. 220°-222°.

Sp.gr. 12 = 1-338 (Zincke, A. 152, 1).
Préparation.—By the action of iodine and

phosphorus or of hydrogen iodide on the alcohol
(Môslinger, A. 185, 55). Itis a colourless liquid
which reddens on warming ; it is soluble in abso-
lute alcohol or in ether, but insoluble in water
(Zincke).

Secondary iodides. (1.) From methylhexyl-
carbinol Me.C6H13CHI. It boils with décomposi¬
tion at 211° (Bouis, A. Ch. 44, 131); 193°
(Squire, C. J. 7, 108).

Préparation.—By the action of iodine and
phosphorus on the carbinol. It is an oily
liquid with an odour of oranges, reddens on ex-
posure to light. With Na or K it behaves like
the chloride. When heated with mercury, mer-
curous iodide, octylene, and free hydrogen are
formed. The alcoholic solution précipitâtes
silver salts.

(2.) Octylene hydriodide. B.p. 120°. Sp.gr.
2 = i-33. — = 1-314. An amber-yellow liquid in¬
soluble in water ; it is decomposed by light, and
by the action of mercury in the cold.

Tertiary iodide. Isodibutol iodide
Me3.C.CH2.CIMe2 is formed by the action of
hydriodic acid on diisobutylene. Itis decomposed
by water (Butlerow, A. 189, 52).

Octyl ethers. Isoprimary octyl oxide. From
isoheptyl carbinol. B.p. 280°-282°. Sp.gr. —
= •8050. An oily liquid easily soluble in hot
alcohol or ether. It is prepared by the action
of sodium oetylate on the isoprimary iodide
(Môslinger, A. 185, 57).

Mixed ethers. Ethyl-octyl oxide. B.p. 182°-
184°. Sp.gr. —— — *794. A colourless mobile
liquid with a pleasant ethereal smell ; soluble in
alcohol and ether but not in water. It is pre¬
pared from sodium oetylate and ethyl iodide.

Secondary ether. From methylhexylcar-
binol.

Préparation.—By distilling sodium oetylate
with chloride or bromide of octyl, or by distilling
the secondary alcohol (from castor oil) with sul-
phurie acid (Chapman, C. J. 18, 290).

Mixed ethers. Ethyl octyl ether C8H17.O.Et.
B.p. 177°. Sp.gr. 12 = -791. V.D. = 5-1. Methyl
octyl ether Me.O.CsH„. B.p. 160°-161°. Sp.gr.
12 = -83. Amyl octyl ether C8H)7O.C5Hn. B.p.
220°. Sp.gr. — = *608. These are colourless
mobile liquids, soluble in alcohol and ether but
not in water, prepared by the action of the
iodides of the radicles on sodium oetylate (Wills,
J. 1853, 509).

Octyl s ulphides. (1.) Primary sulphide
(GsH1J).,S. Boils with décomposition over 310°.
Sp.gr. il = -8419. A faintly-yellow mobile liquid
soluble in warm alcohol, and miscible with ether.
It is prepared by the action of an alcoholic solu¬
tion of potassium sulphide on primary octyl
chloride. Sulphuric acid forms with it a white
amorphous mass probably of Octyl sulphon
(C8H17)2S02 ; mercuric chloride gives crystalline
needles of CsHl7S.HgCl2. It forms no compound
with the alcoholic iodides.

(2.) Secondary sulphide. An oily liquid
lighter than water and having an unpleasant
odour. It is prepared by heating an alcoholic
solution of sodium sulphide with secondary octyl
iodide till the mixture becomes turbid, and then
allowing the sulphide to separate out. It is
slightly soluble in alcohol and décomposés on
heating.

Methyl hexyl ketone C6H13.CH3.CO. A liquid
with an aromatic odour. B.p. 171°. Sp.gr. AZ
= 0-817. It is obtained as a by-product in the
préparation of the alcohol, also by the oxidation
of the alcohol, and by the distillation of a mix¬
ture of calcium œnanthylate and calcium acetate
(Staedler, J. Pr. 72,241). On oxidation it yields
aeetic and caproic acids. With the acid sulphites
of the alkaline metals it forms compounds which
crystallise in pearly scales.

Ethereal salts of primary octyl.
The following constants have been determined
by Gartenmeister (A. 233, 249) :—

Ratio of

•p _ Qnm. o B-P* vol. at SpécifieB.p. Sp.gr. § Sp.gr. b p to y£lume
0 vol. at 0°

Formate . 198-1 0-8929 0*7156 1-2477 220-3
Acetate 210*0 0*8847 0*6981 1*2672 245*6
Propionate 226*4 0*8833 0*6860 1-2876 270*5
Butyrate 242-2 0-8794 0-6751 1-3028 295*6
Yalerate 260-2 0-8784 0-6618 1-3272 322*6
Caproate 275-2 0-8748 0-6509 1-3440 349*6
Heptoate 290*4 0*8757 0*6419 1-3651 376-2
Octoate 305-9 0-8755 0-6318 1-3858 404*3

These bodies are ail colourless liquids soluble in
or miscible with alcohol and ether. The first six
are prepared by the action of the silver salts of
the acids on the bromides or iodides of octyl.
The heptoate is prepared by the action of sul¬
phuric and heptoic acids on octyl alcohol. The
octoate is obtained as a by-product in the oxida¬
tion of octyl alcohol.

Octylic acetate occurs naturally in the ethe¬
real oil of Heraclcum Sphondylium ; it is a mobile
fluid with a pleasant odour of apples and a burn-
ing spicy taste. The butyrate occurs in the oil of
the seeds of Pastinacea sativa.

Octyl acetoacetate OuC„fi03. B.p. 280°-282°
(not cor.). Sp.gr. = .9354. a clear, highly
refractive liquid, obtained by the action of sodium
acetoacetate on octyl iodide. It décomposés on
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saponification into octyl acetone and octyl acetic
aeid.

Octyl benzoate C3H17.O.C6H5CO. B.p. 305°-
306°. A colourless liquid with a weak aromatic
odour easily soluble in alcohol and ether (Zincke,
A. 152, 1).

Octyl sulphuric acid is prepared from con-
centrated sulphuric acid and octyl alcohol. The
barium sait Ba(C8H17S04)2forms large anhydrous
nacreous plates very slightly soluble in hot
waterand alcohol. The potassium sait KCsH17S04
forms a white soluble semi-crystalline mass with
a soapy feel.

Octyl nitrite. B.p. 175°-177°. Sp.gr. — =
•862. Obtained by heating octyl alcohol satu-
rated with nitrous acid to 100° (Eichler, B. 12,
1887).

Octyl allophanate KH,CO.XH.GOOCsH„.
Shining needles melting at 155°-160°, soluble
in hot alcohol. Obtained by the action of chloro-
formamide on the alcohol.

Ethereal salts of secondary octyl.
From methyl hexyl carbinol.

Octyl acetate B.p. 193° (Bouis, A. 44, 135);
191°-192° (Dachauer, A. 106, 269). A mobile
liquid with a pleasant fruity odour, lighter than
water, soluble in alcohol and ether, and also
without change in not too concentrated sulphuric
acid. It is easily saponified by potash. It is
prepared (1) by the action of acetic acid or of
an alkaline acetate and sulphuric acid upon the
secondary alcohol ; (2) by the action of silver or
potassium acetate on the haloid compounds of
the secondary alcohol ; (3) by the action of
acetyl chloride on sodium octylate.

The monochloracetate is prepared by passing
hydrogen chloride into a mixture of the alcohol

ino

and acetic acid. B.p. 234°. Sp.gr. — = -9904.
It is a colourless neutral mobile oil with an

ethereal odour and burning taste. It is soluble
in alcohol and ether.

The di- and tri-chloracetatcs are obtained
together with the monochloracetate. The former
boils at 244°, the latter at 266°. They are
colourless ethereal oils, lighter than water (Geh-
ring, C. R. 104, 1000).

Octyl nitrate N03CHC8H)3CH3. A liquid
with a pleasant smell resembling acetic ether.
It begins to boil at 80° but soon décomposés.
It is lighter than water, is soluble in alcohol, and
is prepared by the action of silver nitrate on
octyl iodide in alcoholic solution (Bouis).

Octyl nitrite C„H17O.NO. A dark-yellow
mobile liquid. B.p. 165°-166°. Sp.gr. £ = -881.
Obtained by the action of glyceryl trinitrite on
the alcohol. It is soluble in ether and chloro-
form, and is decomposed by acids and by alcohol
(Bertoni, C. C. 1887, 35).

Octyl sulphuric acid is obtained by the action
of concentrated fuming sulphuric acid on octyl
alcohol. It is a colourless syrupy strongly acid
liquid, easily soluble in water and alcohol ; the
diluted acid is decomposed on boiling into
secondary octylic alcohol and sulphuric acid.
It dissolves iron, zinc, &o., with évolution of
hydrogen, and completely neutralises the bases.

The barium sait forms flexible nacreous

plates containing three molécules of water on
separating from a hot solution, or mammillary
aggregations with two molécules of water on

evaporating in a vacuum. It is soluble in water
and alcohol, and has at first a bitter, then a
sweet taste. It turns red on standing, blackens
at 100°, and décomposés without melting.

The calcium sait forms white laminœ with a

soapy feel and bitter taste.
The potassium sait K.CsH,7S04 + JOH„ forms

white shining plates with a greasy feel ; the taste
is at first bitter, then sweet. It is soluble in
water and alcohol, reddens and is decomposed at
100°.

Octyl phosphoric acid is formed by digesting
octyl alcohol with glacial phosphoric acid. It
forms soluble salts with lead or barium (Bouis).

Octylic palmitate and stearate are formed.
by prolonged heating of the alcohol with the
respective acids to 200°. The palmitate melts
at 8-5°, the stearate at — 4-5° (Hanhort, C. B.
47, 230).

Octyl carbamate is formed by the action of
cyanogen chloride on the alcohol. B.p. 135°
(under 20 mm. pressure). It is very soluble in
alcohol, from which it separates out in colourless
crystals melting at 54°—55°. At ordinary pres¬
sures it boils with décomposition at 230°-232°,
with partial conversion into cyanuric acid.

Octyl thiocyanate CsH1;.S.CN. B.p. 142° is
formed by the action of IiCNS on the secondary
iodide.

Octyl thiocarbimide CSH17—N=CS. A
colourless liquid. B.p. 234°, formed by Hof-
mann's reaction from octylamine.

Octyl thiosinnaminé CaH17.NH.CSNH„. B.p.
112-5°, formed by the action of ammonia on the
preceding compound. It is soluble in alcohol
and ether, and separates out from its solution in
colourless laminœ (Jahn, B. 8, 803).

OcTYLAAIINES.

(1.) Aminés of primary octyl. (a) Mon-
aminés. B.p. 185°-187° (Eichler, B. 12, 1885).

Préparation. — By the action of alcoholic
ammonia upon octyl iodide at 100° (Benesse, A.
166, 85). By the action of iron filings and glacial
acetic acid upon nitro-octane (Eichler). By heat¬
ing the alcohol and ZnCl2.NH3 at 280° (Merz and
Gasiorowski, B. 17, 629).

Properties.—The monamine is a colourless
basic oil which takes up C02 from the air. In
contact with water it forms white crystalline
needles. With bromine and potash an oily
compound CsH17NBr2 is formed, which is con-
verted on boiling into heptyl nitrile C7H]7CN
(Hofmann, B. 17, 1920). The liydrochloride
CsH10bI.HCl is easily soluble in water and alco¬
hol; the platinochloride forms yellow plates
soluble with difficulty in water or alcohol ; the
picrate C8H]7.NH2.C6H3N307 crystallises from
alcohol in oblong tables melting at 112°-114°.
A primary aminé may also be prepared by heat¬
ing pelargonamide with bromine and potash.
B.p. 171°-174° (Hofmann, B. 15, 773).

(b) Diamine (CSH,.)2NH. M.p. 36'05°. B.p.
297°-298°.

This body is produced together with the
monamine by the action of alcoholic ammonia
upon octyl iodide, or of ZnCL.jS[H3 on octyl
alcohol.

It crystallises in needles, soluble in alcohol
or ether, and having a strong smell of tallow ;
the hï/<2roc7ilon'<2eformsplatessoluble in alcohol ;
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the platinochloride (C16H33N.HCl)2PtCl4 crystal-
lises in small scales.

(c) Triamine. B.p. 365°-367°. Obtained by
the same reactions as the mon- and di-amines,
and separated from them by fractionation. It
is an oil which slowly congeals to a white crystal-
line mass, and is very soluble in ether and
absolute alcohol.

The platinochloride (C24H51N.HCl)2PtCl4,
forms a brown oil which dries up to a sticky
mass.

(2) Aminés of secondary ootyl.
(a) Monamme. B.p. 172°-175° (Pelouzeand

Cahours), A. 92, 399, 175° (Bouis. A. Ch. 44,
139), 164° (Squire, C. J. 7, 108), 162-5° (Jahn,
M. 3, 172). Sp.gr. = -786 (Squire).

Préparation.—1. By heating chloride or
iodide of the secondary octyl with alcoholic am-
monia.—2. By the saponification of the dis-
tillate of a mixture of octyl sulphate and potas¬
sium cyanate.—3. By the action of ZnCl,.NH3
upon methyl hexyl carbinol at 280°.

Properties.—It is a colourless, bitter, very
caustic inflammable liquid with an ammoniacal
fishy odour. It is insoluble in water, but pré¬
cipitâtes metallie salts and dissolves silver
chloride. On heating with secondary octyl
iodide, ammonium iodide, oetylene, polyoctylene,
and iodide of secondary octylamine are formed
(Jahn, loc. cit.). The hydriodide C8H20NI forms
large plates easily soluble in water ; the hydro-
chloride C8H20NC1 is a very déliquescent solid
which crystallises in vacuo in large nacreous
plates ; the aurocliloride C8H20NAuC14 forms
shining yellow lamina} resembling lead iodide.
The platinochloride separates from boiling solu¬
tions in brilliant golden-yellow scales soluble in
alcohol or ether.

Pelouze and Cahours (loc. cit.) obtained a
monamine from petroleum-octane which they
consider identical with the above.

(b) Diamine (C8H17)2NH. An oil with an
aromatic odour, b.p. 260°-270°, obtained by the
action of ZnCl.NH, on methyl hexyl carbinol at
280°.

The platinochloride (Cl0H35N.HCl)2PtCl4
forms a brown mass ; the aurocliloride
C1gH35NHC1AuC13 crystallises from alcohol in
golden-yellow laminai.

(c) Triamine (C8H17)3N ; an aromatic oil boil¬
ing at 370°. It is prepared like the diamine.
The liydrochloride is oily and soluble in alcohol ;
the platinochloride (C24H51N.HCl)2PtCl4 is a
reddish-brown resin.

Primary octyl phosphine. B.p. 184°-187°.
Sp.gr. — = -8209. A limpid, mobile, highly re-
fraetive liquid, soluble in alcohol, ether, benzene,
and glacial acetic acid. It is obtained by the
action of phosphonium iodide and zinc oxide
upon octyl iodide.

Nitric acid oxidises the solution in glacial
acetic acid to octyl-phosphinic acid, an amor-
phous body soluble in hot acetic acid. Oxygen,
bromine, and iodine act less energetically upon
octyl phosphine than upon the phosphines of
the lower members of the sériés. Fuming
hydriodic acid forms octyl phosphonium iodide
PH3CsH17I, a semicrystalhne mass which décom¬
posés on standing, or on solution in ether or
benzene.

Octonitrile CsH,;NO. A yellow liquid boil¬
ing at 198°-200°, obtained by the action of
bromine and potash on pelargonamide.

Octyl carbamine. B.p. 214°-216°. Sp.gr.
—=•786. Obtained by the action of potassium
eyanide on octyl iodide. It is soluble in alcohol
and ether.

Octoxylamide C7H15CO.NH2, a crystalline
mass melting between 105°-106°, prepared by
treating octonitrile with concentrated sulphuric
acid and very cold water. It is very slightly
soluble in boiling water, and not at ail in
cold.

Nitro-octane. A liquid boiling at 205°-212°,
obtained together with octyl nitrite by the action
of silver nitrite on primary octyl iodide (Meyer,
A. 171, 23).

Octyl uitrolic acid C8Hl0NO.NO2. An oily
body formed from nitro-octane, potash, potas¬
sium nitrite, and dilute sulphuric acid. Con¬
centrated sulphuric acid decomposed it into
octoic acid and nitrous oxide (Eichler, B. 12,
1885).

Benzene derivatives of primary octyl.

Octyl benzene. A colourless oil with a sweet
1 fi°

taste. B.p. 261°-263° (uncor.) ; sp.gr. j^ = -849.
B.p. = 262°-2G4° ; sp.gr. — = -852 (Ahrens, B.
19, 2717) (Schweinitz, B. 19, 640). Itis obtained
by the action of sodium on a mixture of brom-
benzene and octyl bromide in ethereal solution.
It is miscible with alcohol, ether, or benzene.

Chloroctylbenzene C6H4C1C8H17 is a yellow-
ish odourless oil soluble in alcohol and ether,
b.p. 270°-275°. It is prepared by the action of
chlorine and iodine on octylbenzene.

Bromoctylbenzene C8H17.CGH4Br, b.p.
285°-287°, resembles the chlorine derivative.

Moniodoctylbenzene. A yellow oil soluble
in alcohol and ether, décomposés on distillation.
It is obtained by treating octylbenzene (diluted
with petroleum) with iodine and mereuric
oxide.

Pariodoctylbenzene. A heavy oil, b.p. 318°-
320°, prepared from amido-oetylbenzene (q. v.) by
the diazo- reaction. The corresponding deriva¬
tive of the secondary alcohol (from castor oil)
is a yellow oily liquid, b.p. 304°-305°. On
oxidation with chromic acid both yield pariodo-
benzoic acid.

Metanitro-octylbenzene N02.C(iH4.C8H]7.
Crystallises in long needles which melt at 123°-
124° and sublime at a high température. It is
prepared by the action of fuming nitric acid
upon octylbenzene in the cold. It is slightly
soluble in alcohol and chloroform. With potas¬
sium permanganate it yields metanitrobenzoic
acid.

Orthonitro-octylbenzene, a thick yellow aro¬
matic oil which décomposés at 100° and

Paranitro-octylbenzene which forms small
yellow lustrous needles melting at 204°, and
soluble in alcohol or ether, are found in the
residue from the meta- compound.

Diuitro-octylbenzene, CsH1;.C,iH.j(X0J)2 forms
crystals melting at 226° but subliming below
this température. It is soluble in alcohol and
ether and is formed by the action of fuming
nitric acid on the crystals of the meta- com¬
pound.
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Orthamido-octylbenzenehydrochloride
NH2.C6H1.C8H17:HC1.

Occurs in small lustrous white plates winch
redden on heating. It is formed by reducing the
nitro- derivative îvith tin and hydrochloric acid
(Ahrens, B. 19, 2717).

Paramido-octylbenzene, a colourless liquid,
b.p. 310°-311°, volatilises in steam. It is ob-
tained by the action of aniline hydrochloride, or
of aniline and zinc chloride on primary octyl
alcohol (from Heracleum oil). A similar deri¬
vative may be prepared from the secondary
alcohol (from castor oil), b.p. 290°-292°
{cor.).

Formylphenoctylamine C8H17.C6H4.NH.CHO
is obtained by the action of formic acid on
amidoctylbenzene. It forms scales which melt
at 35° and are soluble in alcohol or ether.

Acetylphenoctylamine CsH1;.C6H4]S[H.C.,H30
is formed from amidoctylbenzene and acetic
anhydride. It forms thin plates melting at 93°,
and soluble in alcohol or ether.

Benzoylphenoctylamine CgH17.C8H4.NHBz is
obtained from amidoctylbenzene and benzoic
chloride. It forms scales melting at 117° and
soluble in alcohol or ether. The corresponding
derivative of the secondary alcohol forms white
needles melting at 109°.

Octylbenzoylnitrile is obtained by distilling
formylphenoctylamine with zinc-dust. B.p.
312°. It is converted by oxidation into paroctyl-
benzoic acid.

Octylbenzene sulphonic acid. A thick syrupy
strongly acid liquid formed by the action of
Nordhausen acid on octylbenzene. Silver sait

CsHI7.C6H4.S03Ag.H„0.
Barium sait (C14H„,S03),,Ba.H.,Ô. Lead sait
(CI4H!1S0,)2Pb.3H20 (Schweinitz, B. 19, 640).

toluene derivatives of pbi1iary octyl.

Amido-octyltoluene (Toloctylamine)
CgHjjCjHjMe.NHj

is prepared by treating the isoprimary alcohol
with orthotoluidine and zinc chloride. It is a

colourless oil which boils at 324°-326°, and
forms a well-crystallised hydrochloride, sulphate,
and oxalate.

Acetyltoloctylamine CsH|7.C7H6.NIIAc forms
slender white needles, m.p. 81°, soluble in alcohol
and ether.

Benzoyltoloctylamine C8H17.C,H8.NHBz
forms lustrous scales, m.p. 117°, soluble in
alcohol. These toluene derivatives are prepared
in a manner analogous to the corresponding
benzene derivatives.

ïhi0phen derivates of primary octyl.

Octylthiophen CjH^.CjHjS is formed by the
action of sodium on octyl bromide and iodo-
thiophen, b.p. 257°-259°, sp.gr. |^-g = '8118.
It is soluble in ether.

Bromoctylthiophen C4SH2Br.C8H17 boils at
2S5°-290° and solidifies at 5°.

Iodoctyltbiophen C4SH.,I.C8H,7 is a yellow
oil which solidifies at 0°. Sp.gr. |^ = 1'2164.
Both the bromo- and iodo- compounds are pre¬
pared analogously to the corresponding benzene
derivatives.

Octylacetothienone CsH17.C4SH.,.COMe, an
oil with a garlic-like odour, b.p. 350°-355°, and
Octyldiacetotbienone C8H,7.C4SH(COMe)2, a
yellow syrup, are prepared by the action of
acetic chloride and aluminium chloride on octyl¬
thiophen.

Octylthiophencarboxylic acid
C8H17.C4SH(COOH),

is obtained in microscopic needles melting at
185°, by the action of potassium permanganate
on the diaceto- derivative. Barium, copper, and
silver salts have been prepared.

Methyloctylthiophcn
C8H17.C4SH..Me[C8H17:Me = 2:5]

is obtained by the action of sodium on iodo-
thiotclen and octylic bromide. It is a colourless
oil boiling at 270°, and on strongly cooling it
solidifies to a crystalline mass which melts at
10°. The monobromo- derivative

C8H17C4SHMeBr
melts at 20°.

OCUBAWAX v. Wax.
ODOKINE. A volatile base found by Unver-

dorben in bone-oil. Probably impure picoline.
(ENANTHIC ACID and ŒNANTHIC ETHEK.

According to Liebig and Pelouze (A. 19, 241),
there is found in wine a small quantity of a body
termed by them œnanthie ether. It is a very
mobile liquid, with a strong vinous smell, and of
a disagreeable taste ; readily soluble in ether
and alcohol, but very sparingly soluble in water.
Is regarded by Delffs (A. 80, 290) as identical
with ethyl peiargonate. This ether is now pre¬
pared commercially for flavouring common
wines, brandy, &c., from the oxidised products
of oil of rue (v. Nonoic acids, art. Fatty Acids).
According to A. Fischer (A. 115, 247) the artifi¬
ciel product is a mixture of capric and caprylic
acids. Many fusel oils contain both these acids,
and amyl caprate is found in several Hungarian
wines.

ŒNANTHOL, Œnanthaldehyde, heptalde-
hyde, normal œnanthie, or Heptoic aldeliyde,
C8H13COH, is one of the products of the dry
distillation of alkaline ricinoleates and of the
action of nitric acid on stearic and margaric
acids.

The following method of préparation may be
employed

Castor oil, which consista essentially of the
glyceride of ricinoleic acid, is rapidly distilled
until the residue beeomes resinous, thus convert-
ing the greater part of the ricinoleic acid into
œnanthol and hendecatoie acid :—

^-ôsHnOs = C6H13COH + CnH20O2.
The distillate is rectified, and the part coming
over between 90° and 180° is shaken with a

saturated solution of acid sodium sulphite, and
is warmed and filtered. The mass of the double
sait C8H,3C0H.HNaSO3H20, separating out
on cooling, is pressed between filter paper, mixed
with a solution of sodium carbonate, and dis¬
tilled in a current of steam. The œnanthol
which floats on the distillate is separated and
dried over anhydrous Glauber's sait or calcium
chloride.

The yield of œnanthol is increased when the
castor oil is distilled under reduced pressure.

Œnanthol is a highly refractive, very mobile,
colourless liquid, of pungent aromatic smell,
boiling at 154°, and having at 15° a spécifie
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gravity o£ 0-8231. It is slightly soluble in water,
and dissolves in ail proportions in alcohol and
ether. Œnanthol rapidly oxidises on exposure
to air. It reduces silver nitrate.

ŒNANTHYLIC ACID. Septoic acid v.
Fatty acids.

ŒNOCYANIN, tke colouring matter o£ black
grapes and red wines, is of colourless origin, and
becomes blue through oxidation, and probably
hydration, which may be shown by placing a
green grape picked from a bunch which is just
beginning to turn red in a vacuum of 1 to *2 mm.
over boiled sulpkuric acid for 3 or 4 days, or
sufficient time to allow of tbe grape becoming
hard and dry. The colour becomes yellow, but,
on admitting air, moisture and oxygen are rapidly
absorbed, the colour changing to blue black ai
the same time (Maumené, C. R. 95,924).

CENOLIN. The name given to the natural
red colouring matter of wine preeipitablebylime
or basie lead acetate. Is brown red whilst moist,
but nearly black when dry, giving a violet red or
brown-red powder, readily soluble in alcohol, and
in water acidulated with vegetable acids. Is said
to have the composition C20H2oO10, and to
form a lead compound C,„H]sPbO10 (Glénard,
C. E. 47,268 ; Varenne, Bl. [2] 29,109). For the
estimation of œnolin and œnotannin in wines v.

F. Jean, C. E. 93, 966.
ŒNOMETER. A hydrometer designed for

determining the alcoholic strength of wines.
OIL-GAS v. Gas, oïl.
OIL, MINERAL, v. Peteoledm.
OIL OF AMBER v. Oils, essential, and

Resins.
OIL OF HARTSHORN v. Bone oïl.

OIL OF VITRIOL v. Sulphueic acid.

OIL PIJLP v. Aluminium oleates, art. Alumi¬
nium.

OILS, ESSENTIAL, syn. Essences.
Volatile oils. The word oil appears to be

derived from the Greek èAala, the olive-tree
(whence é\aiov, olive-oil or simply oil), through
the Latin oleum and French huile. Hence it
seems to have been originally applied to liquids
which, like olive oil, are insoluble in water, com¬
bustible, and more or less viscid, and this may
be regarded (save for a few unimportant excep¬
tions, such as ' oil of vitriol ') as tlîe signification
which the word has practically retained.

Two kinds of oil are recognised, namely, Fixed
or Fatty oils, which will be dealtwith in a sepa-
rate article, and Essential or Volatile oils. The
latter are distinguished from the former by the
possession of strong and eharacteristic odours,
and by being vaporisable without décomposition,
and usually with little or no residue. A drop of
olive or similar oil placed upon paper produces
a translucent spot which does not disappear
upon exposure to air, nor even when heated.
A drop of essential oil, e.g. of lemon or of tur-
pentine, also produces a translucent spot, but
this stain soon disappears on free exposure to
air. The composition of essential oils is various ;
many, like turpentine oil, consist of compounds
of carbon and hydrogen only, others contain
oxygen in addition to carbon and hydrogen, but
their ehemical constitution differs in différent
cases, the majority being ethereal salts or com¬
pound ethers, aldéhydes, or phénols.

Many essential oils consist of hydrocarbons
or other fluid bodies, mixed with solid oxidised
compounds. "When the latter are présent in
considérable amount, a portion usually sépa¬
râtes out in a crystalline form by spontaneous
evaporation of the more volatile liquid, or by
exposure to cold. In such cases the solid is
often referred to as the stcaroptene (crréap, solid
fat), whilst the liquid is called the elceoptene. The
essential oils are almost ail of vegetable origin.
Some exist ready formed in vegetable tissues
contained in cavities or glands which are often !
visible to the unaided eye, as in the leaves of
mint, the rind of the orange, and in the fruits of
the umbelliferœ. In a few cases the essential
oil does not exist ready formed in the plant, but
is a product, together with glucose and other
substances, of the mutual action of chemical
compounds which are présent in the tissue, pro¬
bably in distinct cells, and which react upon
each other only in the presence. of water. In the
bitter almond, for example, there is no volatile
oil, but only a fixed oil which may be obtained
by simple expression. That the former is only
produced when water is added may be proved by
the fact that powdered bitter almonds have no
eharacteristic odour till water has been added.
Flour of mustard is also devoid of pungency
until mixed with water.

The following are the chief methods of ex¬
traction :—

1. Distillation of plants or parts of plants,
such as wood, leaves, flowers, or fruit, with water.
Notwithstanding that nearly ail essential oils
boil at températures far above the boiling-point
of water, these substances produce vapours of
considérable tension, and these vapours have
rather a high density at that température.
Consequently, when a substance containing an
essential oil is boiled with water, the escaping
vapour is a mixture of water with a considér¬
able, though relatively small, proportion of the
oil.

The simplest application of this method con-
sists in placing the vegetable matter in a eopper
or iron still provided with a worm, adding water,
and keeping the fire under the still as long as
the distillate présents a millty appearance. The
residue in the still is then thrown away, and a
fresh charge introduced. This is the plan
adopted by the peasants in the south of France
for the production of oil of wild rosemary upon
the hill sides where the plant grows, and an
equally simple plan is adopted in many herb
distilleries.

Several modifications have been introduced
of which the most important is the employ-
ment of steam as the source of heat instead of
the naked fire. The capacity of the still used
may vary up to 600 gallons or more. It is pro¬
vided with an outer shell or jacket in which
steam of 15 or 20 pounds' pressure is supplied.
The still must also be provided with an agitator,
which may be attached to a spindle passing
through a stufting-box below, and which may be
kept in motion during the progress of the distil¬
lation so as to prevent the cakrng of solid matter
upon the bottom of the still.

When the object of the process is to obtain
essential oil only, and the water which distils
over at the same time, and which is of coursé
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saturated with the oil, is not wanted, it is cus-
tornary to return the latter to the still.

This may be done by reserving it after sépa¬
ration of the oil and employing it in place of
pure water for the next charge. Another plan
is to allow it to l'un back continuously into the
still during the whole progress of the distillation.

This is most convenient in those cases in
which the opération of extracting the oil is slow,
and in which consequently a large quantity of
the distilled water would otherwise accumulate.

In a few cases, such as clove, cinnamon, and
sassafras, it is found advantageous to add a
small quantity of common sait to the liquor in
the still in order to raise the boiling-point.

The receiver employed is a vessel of cylin-
drical form having a tube at the side near
the bottom rising vertically and terminating
in a spout a little below the top of the re¬
ceiver. A strainer is sometimes placed over the
mouth to prevent splashing, and to keep out
dirt. In this receiver the oil and water collect,
the oil rising to the surface if its density is
lower than that of water, whilst the latter flows
away by the side tube leaving the oil in the
receiver. On the other hand, if the oil is of
great.er density than water, it sinks and the
water must be removed as it accumulâtes by
means of a separate tap above.

2. Distillation from semifluid exudation.—
Practically this process is applied to one case
only, that of turpentine. The viscid resinous
exudation colleeted from incisions made in the
trees (for an account of the process see Fliicld-
ger and Hanbury, Pharmacographia) was for-
merly submitted to distillation without any ad¬
dition, the volatile oil being colleeted in barrels
and the residual resin drawn off while hot and
fluid. According to Dr. Thomas F. Wood, of
Wilmington, North Carolina, the following pro¬
cess is now employed : — ' Turpentine is distilled
in copper stills now. Formerly iron stills were
used. AU crude turpentine is distilled with
water. A fifteen-barrel still (barrel weighs
280 lbs.) is eharged early in the morning. Gentle
heat is first applied until the mass is liquefied,
and a coarse wire skimmer is used to remove

the chips, bark, leaves, and such other foreign
substances as rise to the surface, the tempéra¬
ture meanwhile rising until 316°F. is reached.
Ail the accidentai water (that contained in the
crude turpentine as it cornes from the forest)
having been distilled off, a small stream of cold
water is now let in, so that the heat is kept at
or below 31G°F., the boiling-point of oil of tur¬
pentine. The oil of turpentine and water now
come over, and the mixture is caught in a
wooden tub. The distiller tests the quality of
the iiow from time to time in a proof-glass, and
the distillation is continued until the proportion
of water coming over is nine of water to one of
oil of turpentine. At this stage the heat is
withdrawn, the still-cap is taken off, and the
hot resin is drawn off by a valvular cock at the
side of the still near the bottom. This resin
passes through a strainer before it reaches the
vat, to rid it of foreign substances which may
not have been previously removed by the skim¬
mer. The yield of oil of turpentine from " virgin
dip " (the first exudation from a newly-boxed
tree) is about five gallons to the barrel, about 20

per cent, being left in the resin, since the re-
moval of a larger proportion would darken the
colour, and consequently depreciate its value.
The yield from " yellow dip " (the runnings of
the second and subséquent years) is about four
gallons to a barrel. The yield from " scrapings "
(the inspissated gum from the tree faeings) is
about two to three and a half gallons according
to âge, and also to the proportion of trash which
it contains.'

In extracting French turpentine from the
produce of the district near Bordeaux the oil is
frequently distilled off by blowing steam into
the. fluid contained in the still without the appli¬
cation of fire below. This method may be used
with advantage in the case of many other sub¬
stances containing essential oils, as. distillation
is effeeted very rapidly, and there is no risk of
overheating the residue and getting products of
décomposition mixed with the distillate.

3. The process by tlie sponge and the ècuclle.
In the case of the fruits of the orange tribe
in which the oil glands are large and numerous,
a portion of the essence can be extracted with¬
out distillation.

The following description of these prouesses
has been given by D. Hanbury, F.R.S. (Pharma-
cographia) :—' The workman first cuts off the
peel in three thick longitudinal slices, leaving
the central pulp of a three-cornered shape with
a little peel at either end. This central pulp
he cuts transversely in the middle, throwing it
on one side and tàe pièces of peel on the other.
The latter are allowed to remain till the next

day, and are then treated thus :—The workman
seated holds in the palm of his left hand a
flattish piece of sponge, wrapping it round his
forefinger. With the other he places on the
sponge one of the slices of peel, the outer sur¬
face downwards, and then presses the zest-side
(which is uppermost) so as to give it for the
moment a convex instead of a concave form.
The vesicles are thus ruptured, and the oil which
issues from them is received in the sponge with
which they are in contact. Four or five squeezes
are ail the workman gives to each slice of peel,
which done he throws it aside. Though each
bit of peel has attached to it a small portion of
pulp, the workman contrives to avoid pressing
the latter. As the sponge gets saturated the
workman wrings it forcibly, receiving its con¬
tents in a coarse earthen bowl provided with a
spout ; in this rude vessel, which is capable of
holding at least three pints, the oil separates
from the watery liquid which accompanies it,
and is then decanted.

' The yield is stated to be very variable, 400
fruits affording nine to fourteen ounces of es¬
sence. The prisms of pulp and the exhausted
pièces of peel are submitted to pressure in order
to extract from them lemon juice, and are said
to be also subjected to distillation. The fore-
going is termed the sponge-process ; it is also
applied to the orange. It appears rude and
wasteful, but when honestly performed it yields
an excellent product.

' Essence of lemon is prepared at Mentone and
Nice by a différent method. The object being
to set free and to collect the oil contained in the
vesicles of the peel, an apparatus is employed
which may be thus described :—A stout saucerIRIS - LILLIAD - Université Lille 1
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or shallow basin of pewter, about 8£ inches in
diameter, with a lip on one side for convenience
of pouring. Fixed in the bottom of this saucer
are a number of stout, sharp, brass pins, stand¬
ing up about half an inch ; the centre of the
bottom is deepened into a tube about an inch in
diameter and five inches in length, closed at its
lower end. This vessel, which is called an
ècuelle à piquer, has, therefore, some resem-
blance to a shallow, dish-shaped funnel, the
tube of which is closed below.

' The workman takes a lemon in the liand,
and rubs it over the sharp pins, turning it round
so that the oil-vessels of the entire surface may
be punctured. ' The essential oil which is thus
liberated is received in the saucer, whence it
flows down into the tube ; and as this latter
becomes filled, it is poured into another vessel
that it may separate from the turbid aqueous
liquid that accompanies it. It is finally filtered,
and is then known as Essence de Citron au zeste.
A small additional product is sometimes obtained
by immersing the searified lemons in warm
water and separating the oil which floats off.

' A second lcind of essence, termed Essence de
Citrondistillêe, is obtained by rubbing the surface
of fresh lemons, or of those which have been sub-
mitted to the process just deseribed, on a coarse
grater of tinned iron, by which the portion of
peel richest in essential oil is removed. This
grated peelis subjected to distillation with water
and yields a colourless essence of very inferior
fragrance, which is sold at a4ow price.'

4. Expression.—In a few cases (orange,
lemon, &o.) a part of the essential oil may be
obtained by submitting the material contained
in bags, preferably of horsehair, to powerful
hydraulic pressure.

5. Macération in fat.—This process can
hardly be reckoned among those by which essen¬
tial oils are actually isolated, though it might be
so employed. For the purposes of the perfumer
it is necessary to avoid as much as possible the
application of heat by which the fragrance of
many natural essences is injuriously affected.
In such cases as orange flower, rose, violet, and
jonquil, a superior perfume is obtained by ma-
cerating the flowers in oil or in pure lard or
paraffin melted by the heat of a water bath. The
fat charged with the essence may aftenvards be
shaken up with alcohol which extracts a portion,
the alcoholic solution being used in perfumery,
the residual fat as apomade.

6. Enfleurage or absorption is another pro¬
cess having the same object. In this case
wooden frames (châssis) are used, having a glass
bottom about 8 feet long by '2 feet wide and
3 inches deep. The glass bottom is covered with
a layer of fat upon which the flowers (of jasmine,
for instance) are sprinkled. A number of frames
being placed in a pile are charged with fresh
flowers every day or two till the fat is suffieiently
perfumed.

The following list includes the more impor¬
tant essential oils met with in commerce. Ex-
cept where otherwise stated it may be assumed
that they are prepared from the plant by distil¬
lation with water or in steam.

The names used in pharmacy are generally
added. The letters B. P. indicate that the oil is
included in the British Pharmacopœia.

Abietene, from Pinus Sabiniana (of Cali.
fornia), consists almost entirely of normal hept-
ane CH3.CH2.CH2.CH2.CH2.CH2.CH3 (98-4°)
(Thorpe, C. J. 1879, 1, 296) together with a little
resin, possessing a smell of oranges. Used as a
solvent of fats and in varnishes (Wenzell, Ph.
[3] 2, 789).

Ajowan (Thymol, B. P.). From the fruit of
an umbelliferous plant, Carum Ajowan (Benth.
and Hooker) or Ptychotis Ajowan (D. C.), culti-
vated in India. Consists of a mixture of cymene
C|„II|4 (176°) with 30 to 40 per cent, of thymol >
C,„HhO or C,0H13.OH = C3H;C6H3.GH.CH,
(CH3:OH:C3H7 = 1:3:4), the latter crystallises H
readily from the oil on cooling it or evaporating
at a low température. Thymol may also be ex.
tracted from the oil more completely by caustio :

soda, separating the aqueous solution and pre-
cipitating by hydrochloric acid. Thymol [50°]
(230°) is only slightly soluble in water, but dis¬
solves easily in alcohol, ether, glacial acetic acid,
and solutions of alkalis. Used in medicine.

Almonds. Oleum Amygdalte amarœ. The
marc left after expression of the fixed oil is sub-
mitted to distillation with water. The essence

results from the action of emulsin, a soluble
nitrogenous ferment existing in both sweet and
bitter almonds, upon amygdaline, a crystalline j;'
glucoside which occurs in bitter almonds only.
The reaction is represented by the following
équation :

C20H,,NOu + 2H„0 = C:HsO + HCN + 2C6H12Os.
Amygdaline Essential Hydro- Dextro-

oil cyatiic glucose
acid

The yield of essential oil varies, partly according
to the quality of the almonds, partly according
to the proportion of sweet almonds intermixed
with the bitter. From information supplied by
Mr. C. Umney, who has had large experience in
the distillation of essential oils, the marc yields
on an average 1 per cent, of oil corresponding
to about | per cent, from the original almonds.

The crude oil obtained by this process con-
tains a mixture of benzoic aldehyde and hydro-
cyanic acid with phenyl-hydroxyacetonitril
C6H3.CH(OH)CN, from which they are probably
both formed, besides small quantitiesof benzoïn,
CuH1202, &e. The oil can be freed from hydro- .

cyanic acid by the following and other pro¬
cesses : (1) Bedistillation from a mixture of lime
and ferrous sulphate ; (2) agitation with a strong
solution of acid sodium sulphite, crystallisation
of the double sait, and redistillation of the
crystals with solution of soda ; (3) boiling for a
short time with strong hydrochloric acid, then
diluting and distilling till the oil has passed
over.

Pure essential oil of almonds is said to be
more liable to oxidation upon exposure to air
than the crude oil. If moist or mixed with spirit
of wine it is rapidly converted into benzoic acid,
but when carefully dried by immersing in it a
lump of calcium chloride even the pure essence |
may be preserved almost indefinitely.

Benzaldehyde is also produced by the action
of water upon the seeds and leaves of many
plants of the orders Amygdalacece and Pomacea.
At the présent time a considérable quantity is
manufactured from peach kernels.
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Benzaldehyde may be obtained artificially by
a number of chemical processes. It is manu¬
facture! for the use of the colour-maker, espe-
eially in making ' malachite green ' by boiling
benzyl chloride C;H.C1 (made from pure toluene)
with lead nitrate and water. The pure essen-
tial oil can be prepared from the crude product
by making first the compound with sodium acid
sulphite and decomposing this with soda.

Purified essential oil of almonds is sometimes
adulterated with spirit of wine, which is added
with the object of disguising the formation of
benzoic acid. This may be readily detected by
shaking up the oil with a little water, separating
the water and saturating it with dry carbonate
of potash. The alcohol then rises to the sur¬
face and may be recognised by its familial-
characters and measured.

Nitrobenzene was introduced about thirty
years ago as a substitute for essence of almonds,
and, under the name ' Essence of Mirbane,' lias
been extensively used for seenting soap &a. It
is readily distinguished from benzaldehyde by
boiling a few drops with ordinary strong nitric
acid which is almost without action upon nitro¬
benzene but converts benzaldehyde into crystal-
line benzoic acid.

Amber. Oleum succini. A mixture of ter-

penes Cl0Hlc, boiling at 130° to 400°, obtained
by destructive distillation of amber. Mixed with
rectified spirit and ammonia formerly used in
medieine under the name ' Eau de Luce.' The
action of nitric acid upon oil of amber produces
a mixture of resinous substances formerly knoivn
as artificial musk.

Anise. Oleum anisi, B. P. Erom the fruit
of the Star Anise (lllicium Amisatum) to the
amount of 4-5 per cent, and from the Anise or
Aniseed (Pimpinella Anisum) under 2 per cent.
Consists of a mixture in variable proportions of
adextrorotatoryterpene, C10H,tl, and a crystalline
solid anisol or anethol

C10H,2O=C6H4(CHaO)(CH:CH.CH3)[l:4]
or methyl parapropenyl-phenylate, [21°] (232°)
density -989 at 28°. It constitutes so large a
proportion of the oil that this substance is
usually semisolid. According to the B. P. the
ordinary oil of anise congeals between 50° and
60°F. (10° to 15-5°C.) and may remain solid at
62° or 63°F. ; oil of star anise only becomes
solid at a few degrees above the freezing-point of
water. The statement in reference to the star
anise appears, however, to be a mistake, and a
more satisfactory test consists in mixing the oil
with an alcoholic solution of bydroehloric acid,
which gives with the pimpinella oil a pink
colour, with the illicium oil a jiale brown (C.
Umney, Ph., Feb. 1889).

Used as a drug chiefly in cattle medicines, also
in making spirituous cordials.

Bergamot. Olerim Bergamiœ or Ol. Berga-
mottœ. Prepared in Calabria from the unripe
fruit of Citrus Bergamiœ by a process similar
to that of the êcuelle. A hundred fruits yield
about 2J to 3 ounces. A small quantity of in-
ferior oil is got by distillation from the residues.
This oil contains about a fourth of its bulk of a

terpene (Citrene) C,„HI8 (175°-177°), together
with compounds of higher boiling-point, which
bave not been sufficiently examine!, but which
probably consist of an alcoholic substance

C,0H1;HO, and some of its compound ethers.
The oil is usually green in colour, owing to the
presence of a small quantity of chlorophyll, and
it usually deposits a substance called Bergamot
camplior, but which has no relation to true cam-
phor. Its composition is not known.

Citrene from bergamot is chemically identical
with the hydrocarbon from oils of sweet orange
and caraway, differing only in the amount of its
(dextro-) rotatory power (Tilden and Shenstone,
C. J. 1877).

Bergamot is much used in perfumery.
Cajuput. Oleum Gajuputi, B. P. Distille!

from the leaves of Melaleuca minor. A green
limpid liquid of peculiar camphoraceous taste
and odour, of which the greater part distils
between 170° and 180°. Its chief constituent is
cajeputolC10H,8O (17G°-177°), which is identical
with cineol from wormseed, and also occurs in
the oils of eucalyptus, rosemary, &c. (Wallach,
A. 225, 317).

According to Histed (Ph. [3] 2, 804), copper
is usually présent in the oil, and the green colour
naturally due to traces of chlorophyll is thus
rendered permanent.

Camphene v. Terebcne.
Camphine. A name sometimes given to recti¬

fied oil of turpentine.
Camphor. A product together with solid

camphor from the wood of Cinnamomum Cam-
phora and of Dryobanalops aromaticci importe!
from Formosa and Japan. An account of its
production in Japan has been given by H. Oishi
(S. C. I. 3, 353).

Camphor oil is a solution in various propor¬
tions of common camphor in a mixture of liquid
hydrocarbons and camphoragenol C]0H,sO.i, a
heavy oil (212°-213°) (Yoshida, C. J. 1885", 1,
779). The hydrocarbon contains lœvogyrate
turpentine and dipentine (Wallach). Importe!
into Europe in much larger quantities than
formerly.

Caraway. Oleum Carui, B. P. Oil distille!
from the fruit of Garum Carui. Yield about
4 p.c. A mixture of a terpene C10H]G (170°),
chemically identical with the terpene of orange
and bergamot (though of much smaller rotatory
power) with carvol C10HI4O (280°). The ter¬
pene constitute about one-fifth of the bulk of
the oil. 4

Cascarilla. From thebark of Groton Eleuteria.
A mixture of a terpene C10H18 (172°) and bodies
of higher b.p.

Cassia. The oil distille! in China from the
bark of an undetermined species of Ginnamo-
mu)n. Consists essentially of cinnamic aldé¬
hyde, and closely resembles oil of cinnamon,
though of inferior aroma.

Cedar. By distillation from the wood of the
red cedar, Juniperus Virginiàna. A mixture of
cedrene C,r,H„4 (264°-2C8°) with cedar camphor
C15H280 (282°).

Chamomile. Oleum Anthemidis, B.P. From
the entire plant of Anthémis nobilis. Consists
chiefly of isobutyl and amyl angelates and amyl
tiglate, with small quantities of isobutyl iso-
butyrate, and other compounds. By saponifica¬
tion with caustic potash it yields about half its
weight of angelic acid CH2:C(CH3)CH2.COOH
[44°-45°]. Tiglic acid [64-5°] is isomeric with
angelic acid. Freshly distilled chamomile oil is
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usually pale blue, but becomes yellow on exposure
to light. The blue substance, also présent in oil
of matricaria, is, according to Piesse (C. J.), a
blue liquid (302°), giving a blue vapour, and con-
taining C 81-21, H 10'95, 0 7-84 p.c. According
to Kachler (B. 4, 36) the blue oil is almost odour-
less, boils between 270° and 300°, and has the
composition (C,uH,sO)3.

Cherry laurel. From leaves of Prunus
Lauroeerasus by distillation with water. The
oil, seldom prepared except as a by-product in
the distillation of cherry laurel -water (B. P.),
closely resembles oil of bitter almonds. It con-
sists chiefly of benzoic aldehyde with its cyan-
hydrin and free hydroeyanic acid, together with
a small quantity of benzyl alcohol CBH5.CH„OH
(Tilden, Ph. [3] 5, 761).

Cinnamon. Oleum Cinnamomi, B. P. From
the inner bark of Cinnamomum Zeylanicum
or Ceylon cinnamon. Yield of oil by distillation
•5 to 1 p.c. Density about 1-035, and therefore
sinks in water. Yellow when fresh, but deepens
in colour by exposure to air. Consists of cin-
namic aldehyde CsH5.CH:CH.CHO, with a small
quantity of a lœvogyrate hydrocarbon, and traces
of cinnamic acid. The last is a product of
oxidation, and increases upon exposure to air, so
as sometimes to crystallise.

The oil distilled from cinnamon leaf contains
no cinnamaldehyde, but a mixture of eugenol
(see Cloves) and hydrocarbons (Stenhouse).

Citron or Cédrat, from rind of the fruit of the
citron (Citrus medica) by the sponge process, is
similar in composition to essence of lemon.
According to Hanbury, that which bears its name
is for the most part fictitious.

Citronella. Obtained in Ceylon and Singapore
from leaves of Andropogou Nardus. Consists
chiefly of citronellol C,0H,8O (about 210°). Iso-
meric with borneol, but requiring further inves¬
tigation (see Wright, C. J. 1874, 317).

Cloves. Oleum Caryophylli, B. P. By distilla¬
tion from the flower-buds of Garyophyllus
aromaticus. The oil is a mixture of sesqui-
terpene C15H2., (251°) and eugenol C,„H1202
(247-248°). The latter may be separated from the
hydrocarbon by shaking up the oil with potash,
separating the alkaline liquid, and acidifying.
Oil of cloves sinks in water.

Copaiva. Oleum Copaibœ, B. P. Copaiva is
an oleoresinous exudation from the stem of
various species of Copaifera, growing chiefly in
South America. The volatile oil C2„H32 (250°-
260°) may be separated from the resins by dis¬
tillation. The resin consists chiefly of copaivic
acid C.,„H3202 [116°-117°].

Coriander. Oleum Coriandri,B. P. From the
ripe fruit of Coriandrum sativum. Consists
chiefly of a compound C,0HlaO, which has not
been fully investigated, but which is probably
closely allied or identical with cyneol (see Worm-
seed).

Cubebs. Oleum Gubebœ, B. P. From the fruit
of Piper cubeba to the extent of 6 to 15 p.c.
(Hanbury). The oil (220°-280°) appears to be
a mixture of a sesquiterpene (cubebene) C15H24,
and a stearoptene C15H2(iO, which sometimes
crystallises from old samples.

Cummin. From fruit of Ouminum Cymi-
num. Consists of a mixture of paracymene
CioHI4 (175°) with cuminol or cuminic aldehyde.

C3H,.C6Hj.CHO (236-5°), together with small
quantifies of cuminic acid.

Dill. Oleum Anethi,B.P. From the fruit oi
Anethum graveolens by distillation. Similar in
composition to oil of caraway.

Eucalyptus. Oleum Eucalypti, B. P., ob¬
tained by distillation from the leaves of the
Australian trees E. globulus, E. amygdalim,
and E. citriodora.

These oils are used for scenting soap, and
generally in perfumery, and in medieine. Thi
oil of E. globulus is pale yellow, and slightly
dextrorotatory, and is soluble in about an equa!
volume of alcohol. It contains a pinene C]0H„,
and another terpene, b.p. 174°, together with
some cymene ; but the chief constituent (two-
thirds) is a liquid formerly fcalled eucalyptol,
but now known to be identical with cineol,;
C10H]sO (v. Santonica).

Fir wool (v. Pimis sylvestris).
Fennel. From the fruit of Fœniculum vul

gare (Anethum Fœniculum, L-). The oil contains
the same ingrédients as oil of anise (g. v.).
The French oil of sweet fennel is the most
esteemed. The German oil is obtained chieflj
from the fruit grown in Saxony.

Géranium. Obtained in France andGermanj
by distillation from leaves of Pelargonium,;
radula. The Indian oil is procured from a
grass, Andropogon Schœnanthus. The chief
constituent of these oils is a liquid isomeride
of borneol, C10H18O (232°-233°), possessing an
odour like that of rose-oil, and manufacture!
expressly for adulterating the costly attar. 1
number of derivatives of geraniol have been ob¬
tained (Gintl, J. 1879, 941).

Grass oils (v. Citronella, Géranium, Ver-
bena).

Juniper. Oleum Juniperi, B. P., from the
fruits of Juniperus communis. It contains
about one-third of its bulk of a slightly
lœvogyrate hydrocarbon, which is chemieally
identical with the hydrocarbon from French
turpentine (Tilden and Shenstone, C. J-, May
1877), together with a mixture of polymeric
hydrocarbons, which boil at 180° and up-
wards.

Lavender. Oleum Lavandulœ, B. P., by dis¬
tillation from the flowers (best without the
stalks) of Lavandula vera. The English oil
commands a bigh priee, and is very superiorin
perfume to the foreign oil, which is obtained
chiefly from the south of France.

Statements regarding the composition of oil
of lavender are very conflicting. According to
Bruylants (J. Ph. 1879), pure oil of French
lavender flowers contains 25 p.c. of a terpene
similar to turpentine oil, the remainder consist-
ing chiefly of a mixture of camphor and borneol.
The latter substances, however, were not sepa¬
rated in the solid state. Shenstone states (Ph-,
Sept. 1882) that the English oil yields less than
1 p.c. of terpene. After distillation in vacuo the
syrupy residue gave no crystalline matter when
cooled to a low température.

Freshly distilled oil of lavender does not
possess its proper fragrance, which is only de-
veloped fully after exposure to air in a partly
closed bottle.

The oil of lavender used in porcelain paint-
ing is the produce of L. Spica growing in the
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Bouth of France. It is commonly ealled Oil o£
Spike.

Lemon. OleumLimonis,B.P. Made atEeggio
(Calabria) and at Mentone and Nice i'rom the
rind o£ the scarcely ripe fruit of the Citrus
limonum, either by the sponge or écuelle pro-
cess, by expression, or, of inferior quality, by dis¬
tillation, from residues. Four hundred fruits yield
from 9 to 14 ounces of essence. This oil con-

Bists ehiefly (about 70 p.c.) of a terpene C,0H,S
(limonene), which boils at 176°, and agréés in
severalparticularswith the citrene from bergamot
orange and earaway oils, but differs from that
compound in producing a crystalline hydrate or
glycol, C10H1B(HO)2H2O, when treatedwith nitric
acid and aicohol, and in its behaviour with
nitrosyl ehloride and with sulphuric acid. There

Iis also présent in lemon oil a small quantity oflœvogyrate turpentine C]0H]6 (156°), together
with an alcoholic body, C10H„HO, and its aoetate
C10Hlr(C2H3O)O, both of which boil at tempéra¬
tures above 200°. A small quantity of cymene
is also probably présent (Tilden, Ph. [3] 9, 654,
and Conf. 1877). Lemon oil is ehiefly used in

Iconfectionery and as a perfume.Lemon oil has been said to change spon-
taneously into turpentine by keeping. There is,
however, no satisfaetory evidence in favour of
bo improbable a hypothesis ; the fact being that
on exposure to air oxygen is absorbed and a re-

Isinous substance of terebintbinate odonr formed.The presence of turpentine could easily be re-
cognised by determining the rotatory power of
the sample by the polariscope, then beating
for a short time to 300°, and again observing the

I rotation (Berthelot). Turpentine is quickly

Ichanged by heat into optically inactive liquids,whilst lemon oil is very slowly affected. The
presence of cymene, C,0Hh, of terpilene (di-
pentene), terpinolene, or terpinene, C10H]6, ail
of which smell like lemons, would at once be

'

detected by tbeir want of rotatory power on the

Ipolarised ray.The rotatorypower of several genuine samples
of essence of lemon examined by Hanbury gave
+ 20-9°, +33-4°, and + 28-3° respectively. In a
column 50 mm. long, Gladstone found + 67'7°,
Tilden + 61'5° for 100 mm.

ILime. From the rind of the fruit of CitrusLimetta, manufactured in Sicily and in Mont¬
serrat' (West Indies) by the émette process.
This consists ehiefly of limonene C10H]S. The
oil distilled from the leaves of the same tree

I contains the same hydrocarbon mixed with
I methylnonyl ketone, and terpineol with poly-
I merides, boiling above 280° (F. Watts, C. J. 1886,
I Trans. 316).

Mace (v. Nutmeg).
Mustard. OleumSinapis, B.P. The oil distilled

I from ripe seeds of Brassica nigra (Sinapis nigra,
L.) after expression of the fixed oil. Pale yellow ;

I density l'015 to l'020 (147°-148°). Miscible
I with aicohol and ether, and slightly with water.

Extremely pungent, and applied to the skin pro-
\ duces a blister almost instantly. Mustard oil is
I not présent in the dry seed, but is produced on
I the addition of water by the action of a soluble
! ferment (myrosin) upon a crystallisable glucoside
; (myronate of potassium, sometimes called sin-

nigrin) ; the latter is présent in black, but not
I in white, mustard-seed, which contains a dif¬

férent prineiple, sinalbin, from which a blistering
oil is produced which has a sharp taste but no
smell.

KC,„H18NS2O10 = C„H1208 + C3H5CNS + KHS04
Potas. myronate Glucose Mustard oil

The quantity of myrosin présent in black
mustard-seed is sometimes insuffieient to de-
velop the maximum quantity of oil ; a portion
of white mustard may then be added.

Essential oil of mustard is isomeric, not
identical, with allyl thio-cyanate N:G.S.C3H5,
although it may be formed by heating allyl
iodide with a thiocyanate. It présents the
characters of an allyl thiocarbimide S:C:N.C3H3.
When heated for some time it deposits sulphur
and yields allylcyanide or crotonitril C3H3.CN
(118°), which is said to be often présent in com¬
mercial oil of mustard.

Nutmeg. Oleum myristicœ, B. P. Distilled
(2-3 p.c.) from the nutmeg, the nucleus of the
seed of Myristica fragrans. The oil is dextroro-
tatory, and consists ehiefly of a dextrorotatory
pinene (156°-160°), formerly called myristicene,
together with some cymene and myristicol,
C10HleO (212°-218°).

Volatile oil of maca has a similar com¬

position.
Orange, Orange peel. Two varieties are

distinguished in commerce, viz. Essence de Biga¬
rade from the bitter orange, and Essence de Por¬
tugal from the rind of the sweet orange. They
are extracted like essence of lemon by the sponge
or écuelle process, or sometimes by distillation.
Portugal has been most carefully studied. The
distilled oil consists almost wholly (97-98 p.c.)
of a citrene C10HI6 (175°-176°), which is identical
with the hydrocarbon obtained from bergamot,
earaway, and some other oils. It is readily dis¬
tinguished by treatment with hydrochloric acid
gas, which forms no monochloride with it, but
converts it completely into a dihydrochloride
CI0H102HC1 [49°-50°] identical with the com¬
pound obtained by treating turpentine with
hydrochloric acid in the presence of aicohol or
water. The pure hydrocarbon has only a faint
odour of orange (Wright, C. J. 1873, 552 ; Tilden
a. Shenstone, C. J. 1877 ; Wallaeh, A. 227, 289).

Orange leaves. Oil of petit grain was for¬
merly obtained from small unripe oranges, but
is now made from the leaves and young shoots
of either asveet or bitter orange by distillation.
Aceording to Gladstone (C. J. 1864), it contains
a hydrocarbon probably identical with that from
Neroli (v. below).

Orange flowers or Neroli. By distillation,
carried on ehiefly in the flower districts of the
south of France. A pure sample examined by
Hanbury and Fliickiger (Pharmacographia) was
characterised by the violet fluorescence of its
solution in aicohol. The oil distils ehiefly be-
tween 185° and 195°, and the residue yields a
very small quantity of a crystalline inodorous
substance [55°], improperly called camphor.
Aceording to Gladstone (C. J. 1863, 549), neroli
contains a terpene [173°]. Neroli is usually
adulterated with petit grain.

Origanum v. Thyme.
Peaeh kernels v. Bitter almonds.
Pepper. The oil distilled from black pepper

has not been fully examined. Itappearsto con-
sist ehiefly of a pinene C10H10 (160°), which, ac-
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cording to Hanbury and Fliickiger (Pharmaco-
graphia), is lœvorotatory.

Peppermint. B. P. The essential oil is ob-
tained by distillation o£ the flowering herb
(Mentha piperita), which is eultivated in several
places in England, on the Continent of Europe,
and in America. The oil consists of a solution
in very varying proportions, of menthol or men-
thyl aleohol, C,„H]3OH, in a terpene or mixture of
terpenes. Menthol crystallises in distinct prisms
[42°] (212°) ; it has a powerful characteristic
odour, and rotâtes a polarised ray to the left.
Boiled with sulphuric acid, diluted with half its
volume of water, menthol aequires a blue colour.
Solid menthol is used externally for allaying
pain in neuralgia. It is chiefiy obtained from
Chinese and Japanese oil, which is distilled
from Mentha arvensis, vars. piperascens and
glabra.

Pimento. Allspiceor Pamaicapepper. Oleum
pimentœ, B. P. The oil distilled in Britain
from fruits of Pimenta officinales,Lindl. (Eugenia
pimenta, D. C.), which yield about 3 to 4 p.c.
The oil sinks in water, and closely resembles oil
of eloves in composition, consisting of a mixture
of a liydrocarbon, C15HÏ4, with eugenic acid or
eugenol, C10H,„O,.

Pinus sylvestris. Oleum Pini sylvestris,
B. P. The oil distilled from the fresh leaves of
Pinus sylvestris (Scotch fir) is chiefiy imported
from Germany under the name of fir wool oil.
This liquid is nearly colourless, with an aromatic
lavender-like odour, and is soluble in about seven
times its volume of rectified spirit. It consists
of a mixture of pinene, C,0H16 (156°), differing
from common turpentine in having a stronger
dextrorotation (171°), with a lœvorotatory hydro-
carbon, which forms about two-thirds the bulk
of the oil (Tilden, C. J., February 1878). The
latter is stated by Wallach (A. 227, 287) to con-
sist of limonene. Limonene from lemons is,
however, dextrorotatory.

Pose, Attar or Otto of. Obtained by distil¬
lation from the flowers of Posa Damascena, eul¬
tivated in Turkey, and from other species grown
in south of France, in India, and in Morocco.
The oil is a pale liquid of density about '88, which
deposits even at common atmospheric tempéra¬
tures a considérable but variable quantity of a
crystalline stearoptene. This when purified is
inodorous, melts at 32*5°, and probably consists
of a paraffin CnB^+„ (Hanbury and Fliickiger,
Pharmaeographia). The elœoptene, to which the
odour of the ' attar ' is due, consists of a eom-

pound or mixture of compounds containing
oxygen. Nothing is known of its constitution.
Commercial attar of rose is very commonly, per-
haps always, adulterated with ' géranium ' oil,
the product of an Indian grass, Andropogon
Scliœnanthus. The addition of this oil diminishes
its disposition to crystallise. The stearoptene,
however, eau easily be imitated by an addition
of paraffin, wax, or spermaceti, and there is no
good test for the presence of géranium oil.

Eosemary. Oleum Bosmarini. B. P. The
oil distilled from the flowering tops of Bosma-
rinus officinalis growing wild in the south of
France. It contains a lœvorotatory pinene
C10HI6, ordinary camphor C10HiGO, borneol,
C1(lHla(9, and cineol, CluH130 (E. Weber, A. 238,
89). Oil of rosemary turns the plane of polari¬

sation tothe right, probably owingto thepresence
of camphor.

Eue. Oleum Rutœ, B. P. Distilled from
the fresh herb of Buta graveolens. Consiste
essentially of methylnonyl ketone CHs.C0.CsH„
(224°), together with a small quantity of the
ketone C12H210. It is doubtful whether the
small quantity of terpene found in commercial!.'
oil of rue is a natural or an added ingrédient. I

Sage. From the common sage, Salvia offid
nalis. This consists of a mixture of a terpene
identical with the lœvopinene C10H1S from Frencb
turpentine (Tilden and Shenstone, C. J., loc. cif.)
with ordinary camphor and salviol, C|.H160, a
liquid (197°-203°) (Muir and Sugiura, C. J. 1878,
1, 292).

Santonica v. Semina contra.
Sassafras. By distillation from the rootol

Sassafras officinale, a tree growing in Nortl
America. The oil consists chiefiy of safrol
C10H10O„ [8°] (228°-235°), together with abonl
10 p.c. of a pinene C,„HIS (156°) and traces ofa
phénol. Safrol crystallises in four- or six-sided
prisms with the smell of sassafras. It is in¬
soluble in alkalis and optieally inactive. Ej
oxidation with potassium permanganate it yields
formic, propionic, and piperonylic acids, and is
regarded as a derivative of allyl-benzene, thus

H J q>CH2 (Poleck, B. 19,1094a).
3Ic„h5
Savine. Oleum Sabince, B. P. Distilled from

the fresh tops of Puniperus Sabina. The tops
yield 2-3 p.c., the berries a much larger propor¬
tion of volatile oil. The oil has a pale-yellowish
colour, is dextrorotatory, and is usually repre-
sented as having the same composition as tur¬
pentine oil. The odour is, however, différent,
and upon fractional distillation only a small
quantity of a hydrocarbon cornes over at aboot
the b.p. of the pinenes. From this the charac¬
teristic nitrosochloride could not be obtained

(Tilden and Shenstone, C. J., May 1877). The
greater part of the oil consists of a sesquiterpene,
C15Hm (Wallach, A. 238, 78-89).

Semina contra. Santonica, Wormsced. Ob¬
tained (about 1 p.c.) from the unopened flower-
heads of Artemisia maritima, var. Stechmanni-
ana. This oil consistschiefiy of cineol (176°-177°)
C,0HlsO, a liquid of unpleasant camphoraceous
odour, and optieally inactive (Wallach and
Brass, A. 225, 291). It also contains a small
quantity of a lœvorotatory hydrocarbon. Cineol
is probably rather widely distributed, having
been already recognised in oils of cajuput,
eucalyptus, rosemary, &e.

Spearmint. Oleum Menthce viridis, B.P,
The oil is distilled from the fresh flowering herl
grown in Britain, in America, or in Germany.
It is said to consist of a mixture of a pinene
(156°) with a compound C,0HuO isomeric with
carvol (Gladstone, C. J. 1864, 2, 11).

Terebene is obtained by agitating French or
American turpentine oil with successive small
quantities of strong sulphuric acid till its action
on polarised light is completely destroyed. The
acid is then removed by washing with water and
a little alkali, and the product distilled in a car¬
rent of steam. A yellow viscid oil known as
' colophens ' remains behind, whilst the distilled
liquid, after séparation from the water, is clear
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1 and colourless. The latter is commercial ' tere-
bene.' It has a peculiar odour resembling that
of thyme and camphor, and is used chiefly foi-
inhalation in affections of the throat. It was

formerly supposed to contain a spécifie liquid
! hydroearbon (156°), to which the name ' tere-

bene ' was given. The products of the action of
I sulphurie acid upon turpentine have, however,
I been shown to vary according to the strength
I of sulphurie acid and the température of
I the mixture. The ' terebene ' produced by the
I action of strong sulphurie acid is now known to
I consist of a mixture of hydrocarbons, of which
I inactive camphene, CI0H](;, [51°] (160°) (Arm-
I strong and Tilden, C. J., Nov. 1879) dipentene,

C,0HI6, (180°-182°) and isomerie hydrocarbons,
I terpinene, and terpinolene (Wallach, A. 230,

225), with cymene, are the chief.
Thyme. Thymol, B. P. The red oil of

thyme, often ealled in commerce oil of ori-
ganum, is distilled in the south of France. It

[ contains lœvogyrate pinene, O,0H,6 (160°),
cymene C10H14 (175°), and thymol C10HuO
(v. Ajowan).

Turpentine. OleumTerebinthinœfB.P. For
; production, see earlier part of this article.

а. American, from Pinus australis and P.
Tceda. This is the variety which occurs chiefiy

t in English commerce. Oil or spirit of turpentine
[ of good quality should begin to boil about 160°

and distil, leaving only a slight residue, below
180°. It consiste of dextro-pinene C10H„ (156°)

I with small quantifies of oxidation products,
resin, and polymeric hydrocarbons.

The spécifie rotatory power of pure dextro-
pinene for yellow light is [a]j = + 21-5° (Berthe-
lot).

Commercial turpentine oil varies somewhat
in rotatory power, but any great réduction would
indicate either the presence of lœvogyrate tur¬
pentine or of petroleum, which is inactive. The
détection of the latter may be efïected by treat-
ing the oil with sulphurie acid, which polymer-
ises the terpenes présent, then distilling in
steam and examining the distillate (Armstrong,
Turpentine, its Nature and Adultérations, S. C.I.,
1,478). Turpentine oil is miscible with alcohol,
ether, and glacial acetic acid, but not withwater
or aqueous solutions. It dissolves no salts or
minerai substances, but readily takes up resins,
camphor, and hydrocarbons.

б. French or Bordeaux, from Pinus mari-
thma. Similar to American in odour, boiling-
point, and solvent powers, but rotâtes the plane
of polarisation to the left; [o]j= — 42°-3 (Berthe-
lot).

c. Bussian and Swedish, from Pinus syl-
vestris and P. Ledebourii. These liquids consist
of a mixture of two terpenes with oxidation pro¬
ducts. The former is identical with the pinene
of which American turpentine consista. The
latter, called ' sylvestrene,' forms about two-
thirds of the whole, and is peculiar to these tur-
pentines (sylvestrene, D = -8612 at 16°; b.p.
173°-175° ; [a]D = +19-5° ; Atterberg, B. 10,
1203).

These turpentines cannot be used for making
varnishes, as they leave a sticky residue which
does not dry completely. The chief use of Rus-
sian turpentine in this country is in the produc¬
tion of the liquid known as ' Sanitas,' which is

employed as an antiseptic and disinfectant.
This is a watery solution of an undetermined—
probably organic —peroxide made by blowing air
through a mixture of the turpentine with water.

Verbena or Lemon grass. Obtained from
Andropogon citratus, a grass cultivated in Cey-
lon and Singapore. This oil has been very little
examined, but probably consists of an oil similar
to citronellol.

Wormseed v. Semina contra.
Wormwood. Obtained by distillation from

the flowering herb of Artcmisia absinthium. It
contains a pinene C10H16 (160°), absinthol
C,„H,aO (195°), and a blue oil similar to or iden¬
tical with the corresponding constituent of oil
of matriearia (v. Chamomile).

Adultérations.—Some of the more important
cases of adultération have already been referred
to.

Of the very voluminous literature on this
subject, the following works may be consulted
most profitably :—

1. Reports by Schimmel and Company (Ph.
[3] xix. 326, 803, 842. 2. Dragendorfi, Studies
on Essential Oils (Ph. [3] vi. 541, 581, 641, 681,
721). 3. Davies, R. H., The Iodine-absorption
Equivalent of Essential Oils (Ph. [3] 19, 821).
4. Coneerning the Use of the Polariscope, con-
sult Landolt, translated by Robb and Veley
(Macmillan). This book contains the constants
of only a few pure hydrocarbons. For the rota¬
tory powers of the crude oils, consult Hanbury
andFliickiger's Pharmacographia (Macmillan).

Détection of alcohol.—This is usually quite
easy. The essential oil is thoroughly shaken
with about ten times its volume of water in a

graduated tube ; if the oil is appreciably re-
dueed in volume the presence of a considérable
quantity of alcohol may be usually inferred. The
watery liquid separated from the oil is then dis¬
tilled, about one-third being collected. The dis¬
tillate is then tested by saturating it with pure
dry potassium carbonate, when, if much alcohol
is présent, it will separate and rise to the surface,
forming a separate layer, which can be recog-
nised by its inflammability, miscibility with
water, and solvent powers. If there is not enough
to form a separate layer the addition of a little
iodine to the alkaline solution will, after a time,
cause the précipitation of iodoform in yellow
scales poaïessing a characteristie odour.

Détection of turpentine.—This is very often
a difficult matter, especially in those cases in
which a small quantity of a pinene is a natural
constituent of the oil. Miscibility of the oil with
alcohol is sometimes used as a test, but this is
quite untrustworthy. In a few cases the polari¬
scope may be used with advantage, but in géné¬
ral there is no effective method short of submit-
ing the oil to a careful fractional distillation
and applying chemical reagents to the portion
which cornes over at about 160°. The pinenes
(dextro- and lœvo-) are characterised by the fol¬
lowing properties : Density about -860 ; boiling
point 156° to 159°. With HC1 gas in absence of
water or alcohol form a monohydrochloride
C10H|6HC1 [125°]. With HC1 in presence of water
or alcohol form a dihydrochloride C,0H]62HC1
[50°]. With nitrosyl ehloride give a compound
Ci„H18NOC1 from which by action of aleoholic
potash the compound C10H14:N.OH is formed
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[129°]. Treated with strong sulphurio or phos-
phoric acids they are readily eonverted, with
évolution o£ much beat into viscid polymerides
(eolophene). W. A. T.

OILS, FIXED, AND FATS. Under thenames
o£ fixed oils, fatty oils, fats, and waxes are
elassed a number of analogous bodies ooourring
naturally in animais and vegetables. When of
definite chemical composition, they are also pro-
ducible by synthetical methods.

The term fixed or fatty oil is generally used
for such members of the group as remain liquid
at ordinary températures, but beyond the yrliysi-
cal character of ready fusibility there is no
absolute distinction between the liquid and the
solid fixed oils or fats. The liq uid fats,, however,
contain a relatively large proportion of olein or
other glycerides of readily fusible fatty acids.

The waxes possess certain well-defined phy-
sieal charaeters, and exhibit différences in che¬
mical composition which distinguish them
pretty sharply from the true solid fats. They
are, however, in many respects closely related to
the fats.

The following are the général properties
characterising the true fats and fixed oils :—

1. When pure, the fixed oils are usually
colourless or of a pale-yellow colour. Impure
and commercial oils vary in colour from light
yellow to red, and even to brown and black.
Many vegetable oils have a distinct shade of
green from the presence of chlorophyll, and show
banded absorption-speetra, which is never the
case with oils of animal origin.

2. The smell and taste of the fixed oils are

often peculiar, and characteristic of their origin.
As these charaeters become less perceptible the
more completely the oil is purified, they are pro-
bably due to the presence of certain associated
and difficultly removable foreign matters, rather
than to the constituents of the true oil.

3. The fixeçl oils and fats are more or less
unctuous to the touch, and if dropped in a liquid
condition on paper they leave a permanent
grease-spot, unless they are crystalline and hard
enough to be rubbed off.

4. The fixed oils and fats arenot fluorescent,
and, as a rule, have no sensible rotatory action
on a ray of polarised light. Castor oil is stated
to be optically active, and slight rotation is
said to have been observed in rape and sesamé
oils.

5. The sp.gr. of the fixed oils is less than
that of water, varying between the limits of
0-875 and 0-970 ; but if certain anomalous oils
from marine animais be excluded the lowest
density for fixed oils is about 0-912 at a tempéra¬
ture of 15°C. In the fluid state, at the tempéra¬
ture of boiling water, the densities of the true
fixed oils and molten fats range from 0-850 to
about 0'910. The waxes and allied bodies are,
when molten, still lighter, their density ranging
from -808 to -845.

6. The fusing or melting points of the fixed
oils vary within wide limits, and are liable to
modification in an obscure manner by certain
treatment.

7. The fixed oils and fats are practically in¬
soluble in water, but they dissolve somewhat in
absolute alcohol or strong spirit, especially when
hot, and are readily soluble in ether, chloroform,

carbon disulphide, benzene, petroleum spirit,
turpentine, and other volatile oils. The various
fixed oils and fats are also readily miscible with
each other.

8. The fixed oils and fats are composed oi
carbon, hydrogen, and oxygen, any nitrogen or
sulphur existing in particular specimens being
due to the presence of albuminous or other
foreign matters. The chemical constitution of
the fatty oils is discussed in the sequeî.

9. The fixed oils and fats are not inflamma¬
ble at the ordinary température, though they
may be burnt by means of a wick. As their
name dénotés, they are not capable of being dis-
tilled without décomposition. When heated
alone they darken and evolve acrid offensive
vapours ; and when further heated to about
315°C. ( = 600°F.) carbon dioxide is evolved,
together with peculiarly irritating vapours of
acrolein (CjHjO), various volatile organic acids,
and gaseous, liquid, and solid hydrocarbons,
The température at which these décompositions
occur has been improperly called the ' boiling-
point ' of the oil, the phenomenon of apparent
ebullition being really due to the escape of the
gases formed by the décomposition. When caused
to pass slowly through a red-hot tube the fixed
oils are almost wholly decomposed into volatile
products, consisting of carbonic oxide, hydro¬
carbons, &c.

10. On distillation with superheated steam,
fatty oils suffer a simpler décomposition, termed
' saponification,' with formation of glycerol and
fatty acids. This change may also be effected
by acting on the oil with sulphurio acid or a
strong base.

11. If air be excluded, the fixed oils may be
preserved unchanged for a lengthened period,
but, on exposure to air, many of them thicken
with absorption of oxygen, and are ultimately
eonverted (if exposed in sufficiently thin layers)
into a yellorvish, transparent skin or var-
nish. Such oils (e.g. linseed, walnut, hemp-
seed, and poppy-seed oil) are called drying oils.
Under certain conditions, as when cotton-waste,
shoddy, or hemp is moistened with oil and ex¬
posed to the air, the oxidation of the oil becomes
so energetic as to lead to considérable élévation
of température, and even actual inflammation.

12. The non-drying oils behave in a différent
manner on exposure to air. When absolutely
free from foreign matter most of them remain
unchanged, but commercial specimens gradually
turn rancid, that is, they gradually lose their
colour (and to a certain extent their fluidity),
and acquire an acrid, disagreeable taste, and
acid reaction to litmus paper. This altération
is generally attributed to the presence of certain
foreign matters, such as the cellular substance
of the animal or plant from which the oil was
extraeted. These bodies are supposed to act as
ferments, and set free fatty acids, besides pro-
ducing small quantities of certain volatile acids
(e.g. butyrie, valeric, caproic) of strong odoui.
By agitating such rancid oil with hot water, and
subsequently treating it with a cold dilute
solution of sodium carbonate, the products of
décomposition may often be removed and the
fat restored to its original state. Max Grager
(Zeitsch. angew. Chem. 1889, 62) eonsiders that
rancidity is due to the oxidation of the fatty

IRIS - LILLIAD - Université Lille 1



OILS, FIXED,», AND FATS. 17

aoids antl glycerin in presence of traces of water.
The fatty acids break up into acids poor in
carbon but rich in oxygen, belonging partly to
the fatty and partly to the oxalic sériés, of which
azaleic acid may be artificially prepared by the
oxidation of the fatty acids by nitric acid.

Extraction and purification of fixed oils and
fats. For the extraction of oils and fats from
animal tissues it is often sufficient to allow the
substance (e.g. eod-liver) to become somewhat
putrid, when a quantity of oil drains from it, or is
obtainable by slight pressure. A further quantity
can be extracted by warming or boiling the tissue
with water, as is done with blubber. In the case
of lard and tallow it is merely necessary to heat
the substance alone, and strain the melted fat
away from the membranous matter. In the case
of a compact tissue like bone, the whole of the
fat cannot be extracted by any means short of
treatment with a solvent, such as carbon disul-
phide or petroleum spirit.

The extraction of the fat or oil from vege-
table tissues may be effected by boiling the
crushed substance with water, or by subjecting
it to powerful pressure, either at the ordinary
température or between plates heated to a little
beyond the fusing-point of the fat. The pro-
duct obtained in the last manner will usually
contain more ' stearin ' or solid fat than the
' cold-drawn ' oil. In either case a certain
quantityof the fat is mechanicallyretained by the
tissues, and hence a larger yield can be obtained
by the use of carbon disulphide or petroleum
spirit, which on being distilled off leaves the fat
behind.

The proportion of oil or fat yielded by any
particular seed or other source dépends on the
nature and maturity of the seed and on the pro-
cess employed for the extraction of the oily
matter. According to Yohl, the average per-
centage of oil extracted by solvents from linseed
is 27, from hemp-seed 26, from poppy-seed
49, from walnuts 50, and from almonds 52
p.c. According to Voelcker, the proportion of
oil in linseed varies from 31 to 38 p.c. the lin¬
seed cake containing from a little under 10 up
to nearly 16 p.c, ; while the oil in cotton-seed
cake varies from 6 p.c. in the undecorticated to
16 p.c. in the decorticated. Coeoa-nibs contain
on the average about 50 p.c. of fat. These
figures must be received with caution, as it is
now usual to express the oil from seeds more
completely than was formerly the case.

Détermination of oils and fats. In the labo-
ratory, the détermination of the oil in solid
animal and vegetable matters is effected by
treating the finely-divided and previously dried
substance with a suitable solvent under such
conditions as to ensure complété extraction.
Carbon disulphide or petroleum spirit may be
employed for the purpose, but ether is more
satisfaetory for général use. It is not so un-
liealthy as carbon disulphide, and inflammation,
due to breakage of the apparatus or other cause,
is not so dangerous as when an accident occurs
during the use of petroleum spirit.

The exhaustion of seeds, bones, shoddy, oil-
cakes, milk-residues, &c., may be effected by
simply digesting the substance with the solvent
at the ordinary température, with fréquent
agitation, in a closed flask. After some hours,

Vol. ni.—T

the flask should be opened, placed in hot water,
and the solvent thus raised to its boiling-point.
The liquid is then filtered into a weighed flask,
and the residue washed with the solvent. The
solution is subsequently evaporated or distilled
by a steam-heat, and the residual oil weighed.

The foregoing method is unsatisfactory, as it
requires a considérable quantity of the solvent,
of which a notable proportion is likely to be
lost. Hence an apparatus which will act auto-
matieally, and allow of complété exhaustion of
the substance by a limited quantity of the
solvent, possesses great advantages.

To recover the oil from its solution in the
ether or other liquid employed, the solvent
should be distilled off at a steam-heat, and the
last traces of it removed by placing the flask on
its side and heating it in the water-oven until
constant in weight,. In some cases the complété
removal of the solvent is best effected by blow-
ing a gentle stream of air, previously filtered
through cotton wool, through the flask while it
is maintained at a température of 100°C.

In the case of liguids containing oil in the
form of emulsion, a séparation can often be
effected by agitation with ether. The extraction
of the fat from milk can be effected in this
manner if the liquid be previously made slightly
alkaline, but it is better to heat the milk to 100°
with an equal measure of hydrochlorie acid, and
agitate the liquid with ether, after cooling.

Purification of oils. The refining or purifi¬
cation of fixed oils is effected in various ways,
according to their origin and the impurities it is
desired to remove. The following is an outline
of the methods of most général application.
They may be modified in détail, or combined in
a manner suited to any spécial case.

Action of light.—Simple exposure of a fixed
oil to light for a period varying from a few days
to as many months will often effect a remark -
able improvement. Linseed and seal oils afford
good examples of the success of this treatment.

Action of heat.—By rapidly heating palm
oil to about 240°C. and maintaining it at that
température for ten minutes, it is very effec-
tualiy bleached, and the same is the case if
poppy oil be kept at 90 to 95=C. for four or five
hours. The same treatment can be advan-
tageously ett^ployed in other cases.

Filtration.—Some oils are greatly improved
by treatment with animal or wood charcoal.
Kaolin, steatite, plaster of Paris, and other sub¬
stances may often be employed with advantage
to effect a semi-piechanical clarification. After
such treatment the oil usually requires filtration
through canvas bags, which opération also
serves to separate sperinaceti, stearin, &c., de-
posited by cooling the oil.

Washing with water.—A very général method
of purification consists in agitating the oil with
water. This is often conveniently effected by
driving in steam through a false bottom or per-
forated pipe. This treatment can be combined
or alternated with any of tl»e others, and if de¬
sired, ehemical reagents can be added to the
water.

Treatment with acids.—A method of very
général àpplicability, and one which, when care-
fully conducted, is remarkably efficacious, con¬
sists in violently agitating the oil, previously
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heated to about 40°C., if necessary, with from
1 to 2 p.c. of concentrated snlphurio acid, which
attacks and chars the impurities without mate-
rially affecting the oil. The acid is then allowed
to settle, and the supernatant oil well washed
with water ; or steam is blown into the mixture
for a short time, and the acid water allowed to
separate from the oil. For 600 gallons of oil
about 10 lbs. of sulphuric acid are usually re-
quired, diluted with an equal bulk of water. In
some cases hydrochloric acid is substituted for
sulphuric. Treatment with acid is very suit-
able as a means of refining most seed oils (e.g.,
rape and linseed oils), and greatly improves
some of the fish oils, but the refined produet is
apt to contain traces of unremoved minerai
acid and an undesirable proportion of free fatty
acids. These impurities are of no disadvan-
tage if the oil is to be employed for soap-making,
but acquire importance if it is to be used for
burning or lubrication. Treatment with sul¬
phuric or hydrochloric acid also serves to re-
move the lime which exists in bone-fat.

Treatment with alkalis.—Cotton-seed oil,
olive oil, sperm oil, and some others, are advan-
tageously purified by treatment with a solution
of caustic soda, the quantity of which must be
regulated according to the proportion of free
fatty acids and impurities présent in the oil.
Cotton-seed oil contains a notable proportion of
a resinous matter which produees a fine blue
colour with the alkali. The oil loses con-

siderably in refining, and the proportion of
alkali used should be regulated according to the
indications of a preliminary laboratory trial. A
spécifie gravity of T06 to 1T0 is a suitable
strength for the ley, from 10 to 15 p.c. being
usually required. The loss in refining cotton-
seed oil by alkali is usually from 4 to p.c.,
but occasionally amounts to 12 or 15 p.c. Hence
it is désirable, before purehasing crude cotton-
seed oil for refining, to ascertain what the loss
by refining is likely to be. Cotton-seed oil ex-
pressed in England from decorticated seed often
contains âo large a proportion of free acid that
purification with alkali becomes praetieally im¬
possible. Ammonia, sodium carbonate, mag¬
nésium carbonate, or milk of lime may some-
times be used with advantage to remove acids
from oils. The use of alkali instead of acid for

purification is to be preferred in the case of oils
intended for use as lubricants or for cooking.
The refined cotton-seed oil now extensively used
for cooking, &c., is remarkably free from acid.

Treatment with oxidising agents.—A re¬
markably effective means of clarifying certain
fish oils consists in heating the liquid by means
of steam to a température approaching the
boiling-point Of water, and then blowing a
current of air of a similar température through
the liquid. The treatment must be cautiously
conducted, or the rise of température may be so
great as to cause a notable change in the den-
sity and viscosity of the oil, such as oeeurs pur-
posely in the manufacture of ' oxidised ' or
' blown oil.'

Cotton-seed oil and some fish oils may be
advantageously refined by boiling them with a
solution of bleaching powder, followed by treat¬
ment with dilute sulphuric acid. This plan is
employed for completing the refining of cotton-

seed oil which has been previously treated with
a limited quantity of caustic soda. Although
economical, the process causes the oil to acquiit
an unpleasant taste and smell which cannot be
removed.

Another very efficient oxidising agent, espe-
cially suitable for the treatment of palm-oil, is
chromic acid, as produced by the reaction ol
potassium bichromate with a suitable proportion
of sulphuric or hydrochloric acid. The oil is
meltecl, strained if necessary, and then agitatei
at about 50°C. with about 1 p.c. of potassium
bichromate previously dissolved in water. To
this is added sufficient acid to react with the
sait to form potassium and chromic chlorides oi
sulphates, a slight excess of acid being rather
advantageous than otherwise. Some oils, when
treated in this manner, retain chromium com-

pounds with remarkable persistency.
Treatment with reducing agents.—In the

case of linseed and other drying oils, exposure
to light in contact with a deoxidising agent
affords a very efficient means of clarification,.
Strips of metallic lead may be employed, oi
finely divided precipitated lead, as recommended
by Livache. A strong solution of ferrous sul-
phate also answers the purpose, especially il
assisted by exposure of the oil to light for some
weeks, and accompanied with fréquent agitation.

Treatment with précipitants.—Fish-oils and
some others are greatly improved by violentlj
agitating them with a hot solution of oak-baii
or other tannin-matter. Steam and air can be
blown in at the same time. After déposition,
the clear oil should be treated with a solution
of acetate of lead or aluminium to remove arn

excess of tannin, and afterwards dried b;
treatment with plaster of Paris. Other metallii
solutions or reagents forming insoluble corn-
pounds with gelatin or albumin may be em¬
ployed with advantage in certain cases.

Purification by pressure.—This sketch of the
principal methods of refining oils would not be
complété without a reference to the widely ap-
plied. use of hydraulic pressure for separatinj
the solid from the liquid constituents of oils.
The solid fats thus separated are commerciall;
known as ' stearins,' though they are frequentl;
far from approximating to the pure glyceride ci
stearic acid. Similarly, the liquid expresse!
oils are conveniently termed ' oleins,' thougb
of very complex composition. The followinj
are some of 'the chief instances in which com¬

mercial fats and oils are separated by pressai!
into solid and liquid portions :—

Original oil.
Olive oil
Cottonseed oil
Cocoanut oil
Tallow
Lard
Whale oil

Sperm oil

Liquid produet.
Purified olive oil
Purified cotton oil
Cocoanut olein
Tallow oil
Lard oil
Purified whale oil
Purified sperm oil

Solid produet. %
Olive oil stearin - :

Cotton oil steam
Cocoanut stearin
Tallow stearin ■ I
Lard stearin ;
Whale stearin 'I
Spermaceti

Constitution and chemical properties of fatty
oils and waxes. In chemical constitution, ail
fixed oils and waxes of animal and vegetablt
origin consist of ethers of the higher fatty acids.
The aleohol-radicle with which the fatty acid-
radicle is associated to form the natural fixed
oils is the triad radicle glycyl, C3H5. Thus the
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fixed oils are glyeyl esters, or glycerides, aiid
bave a constitution expressed by the formula :

(WSo
3 ^ 3

In this formula f represents the radicle of
one of the fatty acids, and may have the général
formula CnFL,,.,!}, as the radicle of stearic acid,
C19H,5O.OH ; C„H2„..,0, as the radicle of oleic
acid ; C„H2„_sO, as the radicle of linoleic acid ;
C»H2„_,0, as the radicle of linolenic acid ; or
c„h._,„_j021 as the radicle of ricinoleic acid. Thus,
glyeyl tristearate, which has the composition :—

(C3H5)"' Nn _p „ n .

(C)sH350)3U3-^M>>»U3'
is also called tri-stearin, or simply stearin, and
is the chief constituent of mutton-fat. Simi-
larly, triolein is the principal component of
almond, olive, and lard oils, and tripalmitin of
palm oil ; while the glycerides or glyeyl ethers
of linoleic and linolenic acids constitute the
chief parts of linseed and other drying oils.
Olein and linolein, being liquid fats, are found
most largely in the fluid oils, while stearin and
palmitin constitute the major portion of most
solid fats.

With a few possible exceptions, that of di-
erucin in the solid deposit from rape oil being the
best authenticated, the natural glycerides appear
to contain three atoms of acid-radicle ; but glyeyl
monostearate or mono-stearin, glyeyl di-stearate
Or di-stearin, and similar esters, can be obtained
artificially by heating glycerol under pressure
with the requisite proportion of fatty acid. The
constitution of certain of the natural fixed oils
is still uncertain, and it is possible that some of
them are the esters or ethers of homologues of
glyeyl, or may have a constitution of a wholly
différent nature.

While the various vegetable and animal
fixed oils and fats consist, as a général rule, of
glycerides or glyeyl ethers, the waxes proper
contain the ethers of higher alcohols of the
ethylic sériés. Thus, spermaeeti consists chiefly
of cetyl palmitate, C16H33.0.CKH310 ; whilst
Chinese-wax, beeswax, and carnauba-wax con¬
tain still higher monatomic alcohols, and the
last substance apparently a diatomic alcohol in
addition. Sperm oil and bottlenose oil are
chiefly composed of bodies having a constitu¬
tion similar to that of the waxes.

In addition to the glycerides or other esters
which constitute the essential portions of the
various fatty oils, most natural oils and waxes
contain more or less of free fatty acids, and
small proportions of colouring, odorous, resin-
ous, and other matters, to which the character-
istic colours, smells, and tastes of many of the
oils are mostly due. Small proportions of cho-
lesterin and analogous bodies exist in certain
oils, and the list of these principles will pro-
bably be much extended as accurate examina-
tions of fatty oils become more common than
has hitherto been the case.

Free fatty acids in natural oils are usually
products of the spontaneous décomposition of
the glycerides, a change which is commonly
attributed to the presence of mucilaginous or
albuminous matters. Over-treatment with sul-

phuric acid, in the process of refining oils, often
results in the formation of free fatty acids, and

many commercial oils which have been refined
by this process are apt to retain traces of free
minerai acid.

The proportion of free fatty acids in oils is
best determined by titration in presence of alco¬
hol, with standard alkali and phenolphthaleïn
(p. 49).

The proportion of free fatty acids présent in
commercial oils is often very considérable, far
larger than is commonly supposed. Thus, in
palm oil the free acid, calculated as palmitic
acid, usually varies from 12 to nearly 80 p.c.
In eighty-nine samples of olive oil intended for
lubricatingpurposes,L.Archbutt (Analyst, 9,171)
found from 2'2 to 25Tof free (oleic) acid, the mean
being 8-05 p.c. In the superior grades of olive oil
the proportion of free acid is much smaller. In
rape oil the percentage of free acid is generally
from 1-5 to 6 p.c. ; but cotton-seed oil, which is
refined by means of alkali, is generally free from
any trace of free acid (L. Archbutt, S. C. I. 8,
685). The presence of free acid in an oil is
doubtless the main, if not the only cause of its
tendency to act on metals, and therefore seriously
affects the suitability of the oil for use as a
lubricant. Burstyn found that the extent of the
action of olive oil on brass was regularly and
directly proportional to the percentage of the
acid présent.

Saponification and proximate analysis of
fixed oils. When fatty oils are heated with
water under a pressure of 8 to 12 atmosphères,
or are distilled with superheated steam, they
react with the elements of water, and are hydro-
lysed with formation of fatty acids and glyeyl
alcohol (glycerol, glycerin), according to the équa¬
tion :

(c3h5)'"'i 0 , h3-i 0 _(c3h5)'»i h3\0
f3 /us + h3/us_ h3 ju3 + f3/u*-
This method of decomposing fats has met

with an enormous application in the induslrial
production of fatty acids and glycerin.

Many natural oils and fats have a tendency
to décomposé spontaneouslyinto fatty acids and
glycerin, especially in presence of traces of
albuminous and other foreign matter. The con¬
sidérable proportions of free fatty acid often
présent in commercial palm oil, olive oil, and
tallow are due to this cause.

A similar reaction occurs when a fatty oil is
heated to 110°C. with about 7 or 8 p.c. of con-
centrated sulphuric acid. On washing the pro-
duct with hot water the sulphuric acid and
glycerin are removed, and the fatty acids sepa-
rate in the form of an oily layer.

A parallel réaction takes place when a fatty
oil is treated with eaustic potash or soda. The
change occurs much more readily with some
oils than with others, and is greatly promoted
by employing heat and using an alcoholie instead
of an aqueous solution of the alkali. A potassium
or sodium sait, or 'soap' of the fatty acid is
produced, glycerol being likewise formed :—
c3h5'"(of)s+ 3NaOH = C3h5"'(OH)3 + 3NaOF.

By heating fatty oils with milk of lime, or
oxide of lead and water, similar reactions occur,
and insoluble soaps are formed, together with
glycerol. The method of saponification now
most extensively practised on a large scale con¬
sists in treating the fat in a elosed vessel with
2 or 3 p.c. of lime, and driving in steam at a
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pressure of 8 or 10 atmosphères. In some worlcs
magnesia or oxide of zinc is substituted for the
lime.

When a wax is similarly treated with a base
it yields a soap of the fatty acid, together with a
higher monatomie alcohol, instead of glycerol.
The décomposition is usually effected with
difficulty, and alcoholie potash or soda should
always be the agent employed.

Whenever an ether is split up into a fatty acid
and an alcohol the change is called ' saponifica¬
tion,' no matter whether the agent effeeting the
change be water, an acid, or a base. The term
is even extended to the décomposition of ethers
or ' esters ' which do not yield fatty acids at ail.

Quantitative resuite of saponification.—The
saponification of fixed oils by alkalis is a per-
fectly definite chemical reaction, precisely analo-
gous to the décomposition of the salts of the

heavy metals by the sama reagents. Thus tl
saponification of stearin by caustic potash i
parallel to the précipitation of bismuth ht
droxide from a solution of the nitrate : —

(CaH5)'"(C,8H3502)a + 3K(0H)
= (C3H5)'"(OH)3 + 3K(C18H3502) ;

and Bi'" (N03)3 + 3K(OH) = Bi"'(OH)3 + 3K(N0,
Similarly, the saponification of sperm i

resembles the reaction of caustic potash vit
silver nitrate :—

(C12H25)(C1SH3A) + K(OH)
= (C12By (OH) + K(C,8H3302) ; and

Ag(N03) + K(OH) = Ag(OH)* + K(N03).
The following table shows the composition

the leading proximate constituents of fatty oi
and the theoretical proportions of fatty at
and glycerol resulting from their saponi
cation :—

Glyceride Chief sources Pormula
Molecnlar

weight

Products of saponifia
tion of 100 parts

' Patty acid Glycerol

Glycyl tributyrate (Butyrin)
„ trivalerate (Yalerin)
„ trilaurate (Laurin) ,

Butter fat .

Porpoise oil, whale oil.
f Cocoanut oil,palmnut

C3K5(C4H,02)3 .

C3Hs(C5H902)3 .

j. C3H3(ClaH230a)3.

302
344

638

87*44
88-96

94-04

30-46
26-77 £
14-42

„ tripalmitate (Palmitin) .

„ tristearate (Stearin)

Palm oil, lard
J Tallow, lard, cacao

C3H3(C,.H3103)3 .

} 03H3(0„H3303)3.
806

890

95-28

95-73

11-41

10-34

„ trioleate (Olein) f Olive oil, lard oil, al- }o3H„(c1„H33oa)3. 884 95-70 10-40

„ trierucate (Erucin) .

„ trilinoleate (Linolein)
„ trilinolenate
„ triricinoleate (Ricinolein)

Rape oil ...

Vegetable drying oils .

Linseed oil .

Castor oil . .

C3H3(OaaH„Oa)3 .

c3h,(o„h31o.). .

C3H3(C„Ha,0a)3 .

C3h,(013H„O3)3 .

1052
878
872
932

96-39
95-67
95-64
95-92

8-75
10-48
10-55

9-88

The following table gives similar information I waxes having the constitution of ethers
respecting the more important fatty bodies or | ' esters ' of monatomie alcohols :—

Ether Chief source Pormula
Molecular

weight

Products of saponifia
tion of 100 parts

Fatty acid
Monatom:

alcohol

Cetyl palmitate .... Spermaceti . 480 53-33 50-42

Myricyl palmitate.... Beeswax 676 37-87 64-79
Ceryl cerotate .... Chinese wax. 788 52-03 50-25
Dodecatyl oleate .... Sperm oil C12H25.C18H33O2 . 450 62-67 36-88
Dodecatyl dœglate Bottle-nose oil C12H2î.C19H3602 .

464 63-79 35-78

From an inspection of the first of these tables
it will be observed that, with the exceptions of
butyrin and valerin, neither of which glycerides
ever occurs in a state even of approximate purity
in natural fixed oils, ail the glycerides which
form the chief proximate constituents of natural
fatty oils yield approximately equal amounts of
fatty acids on saponification, the proportions,
if laurin be excepted, being constant within a
range of about 1 p.c. Similarly the proportions
of glycerin yielded by these same glycerides
range within comparatively narrow limits. Hence
it may fairly be asserted that the majority of
fixed oils yield, on saponification, from 95 to 96
p.c. of fatty acids, and a proportion of glycerol
approximating to 10 p.c. Oils containing the
glyceride of butyric, valeric, lauric, or erucic
acid—such as butter fat, porpoise oil, cocoanut
oil, and rape oil respectively — show this pecu-
liarity of constitution in the products of their
saponification, and in the case of the first three
of these oils the proportion of glycerol resulting

from their saponification is correspondit»;
high.

On the other hand, the bodies formulated:
the second table yield, on saponification, mai
smaller proportions of fatty acids, and, inst»
of glycerin, give large proportions of higt
alcohols of the ethylic sériés as solid bodi:
insoluble in water. It is évident that the natta
and proportion of the products of saponificatii.
sharply distinguish the oils from the sperm ai
bottle-nose whales from ail other fluid fixed ci
of commercial interest.

Not only the proportion, but the natuni,
the fatty acids produced on saponification, is
importance in distinguishing the various fixe
oils. Thus the drying oils yield chiefly linole:
acid C,8H3202, and linolenic acid C]8H30O2, as.
liquid product, having a strongaffinityfor oxyge
and combining with a large proportion of bre
mine or iodine, but not solidified by the action!

At low températures AgOff is said to be formed, tt
readily splitting up into AgaO+HaO.
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nitrous aoid. The liquid non-drying oils mostly
contain oleie acid, which lias comparatively
little affinity for oxygen, and takes up less
bromine or iodine than linoleio acid, but is
solidified by treatment with nitrous acid. Bape
oil contains erucic acid, which lias a very high
molecular weight. Ail the foregoing acids, as
likewise their homologues, form lead salts soluble
in ether. On the other hand, the higher fatty
acids of the stearic sériés form lead salts
insoluble in ether ; they are solid at ordinary
températures, and they do not assimilate
bromine or iodine. The lower members of the
sériés (e.g., butyrie and valeric acids) are soluble
in water, and some of the intermediate members
(e.g., lauric acid) volatilise to a notable extent in
a current of open steam. Butter fat, porpoise
oil, and cocoanut oil are instances of oils con-
taining glyeerides of these soluble or volatile
fatty acids, and consequently, as already stated,
they yield larger proportions of glycerol than
the majority of fixed oils.

The proportions of fatty acids actually ob-
tained on saponifying the various fixed oils fully
bear out the foregoing theoretical views of their
constitution, but owing to the difflculty which,
till recently, attended its accurate détermination,
very discordant statements bave been made re-
specting the proportion of glycerol actually
formed by the saponification of fixed oils, and
various ingenious théories have been advaneed
to account for the supposed deficiency (a.
Wanklyn and Fox, C. N. 48, 49).

The estimation of the glycerol resulting from
the saponification of fatty oils is tedious, and
when required is best effected by oxidation to
oxalic acid in alkaline solutions by permanga¬
nate, the reaction being :—

CsH,Os H- 302 = C,H20, + C02 + 3H20.
The process was originally suggested by J. A.
Wanklyn and further worked out by W. Fox and
Benedikt and Zsigmondy. It has been fully in-
vestigated by A. H. Allen and J. C. Belcher, and
proved to give very accurate results in the ab¬
sence of alcohol and other foreign bodies yield-
ing oxalic acid on oxidation. The best way of
operating is to saponify 10 grams of the oil
at 100°C. with 4 grams of caustic potash dis-
solved in 25 c.c. of water, in a securely closed
bottle which is agitated from time to time.
After 10 or 12 hours, or when ail oily globules
have disappeared, the contents of the bottle are
diluted with bot water, when a perfectly clear
solution should be obtained. (Ëxcept in the
case of sperm oil, waxes, and other bodies yield-
ing insoluble higher alcohols on saponification.
It is extremely difficult to effect the complété
saponification of such bodies by aqueous potash,
and methyl alcohol must be resorted to, of such
purity that it does not yield oxalic acid by
alkaline oxidation with permanganate.) The
soap solution is then decomposed by a moderate
excess of sulphuric acid, the liberated fatty
acids separated, and the aqueous liquid, which
must be perfectly clear and free from suspended
oily globules, made up to a known measure. One
half ( = 5 grams of oil) is diluted in a porce-
lain basin with cold water to 400 c.c., from 10
to 12 grams of caustic potash added, and then
a saturated solution of potassium permanganate,
till the liquid is no longer green, but blue or

blackish. It is then lieated gradually and boiled
for one hour, when a strong solution of sodium
sulphite is added till ail violet or green colour
is destroyed. The liquid and contained precipi-
tate are poured into a 500 c.c. flask and hot
water added to 15 c.c. above the mark, as an al-
lowance for the volume of the precipitate and the
increased measure of the hot liquid. The solu¬
tion is passed through a dry filter, and when
eool 400 c.c. (== 4 grams of oil) measured off,
acidified with acetie acid and precipitated by
calcium chloride. When the precipitate has
completely deposited it is filtered off and washed
with hot water. It consists chiefly of calcium
oxalate, but is liablp to contain calcium sul-
phate, silicate, and other impurities. It may be
ignited and the amount of oxalate deduced from
the carbonate formed ; but a préférable plan is to
treat it with dilute sulphuric acid, rinse it off
the filter, and titrate the diluted liquid at about
G0°C. with a decinormal solution of potassium
permanganate (3-162 grams of KMn04 per litre)
each c.c. of. which corresponds to -0045 grams
of anhydrous oxalic acid or -0046 grams of
glycerol. The results obtained by this process
are satisfaetory. Certain acids of the acrylic or
oleic sériés, and possibly oleic acid itself, yield
oxalic acid by alkaline oxidation ; but the higher
numbers of the sériés (e.g. oleic acid) are in¬
soluble in water, and the lower are not known to
occur in fixed oils under normal conditions.
Butyrie acid and other naturallyoccurring soluble
acids do not interfère. The bodies formed by
oxidation of linseed oil render the process wholly
useless for the détermination of glycerol in such
products.

In the laboratory (for purposes other than
the détermination of glycerin) the saponification
of oils is best effected by boiling the fatty matter
with a solution of caustic potash or soda in strong
alcohol. The boiling is continued a short time
after the complété disappearance of oily globules.
To insure the saponification of the waxes and
certain fats, it is désirable to treat the substance
with alcoholic potash in a securely closed bottle
kept at 100°C. until no more globules are ob¬
servable. The alcohol isthen distilled off or eva-

porated and the soap dissolved in warm distilled
water. A perfectly clear solution will resuit if a
pure fatty oil has been saponified, and the pro¬
cess of saponification has been suceessfully eon-
ducted, bue waxes, and mixtures containing
hydrocarbon oils and certain other foreign
matters, will give a solution containing oily
matter or oily globules in suspension. These
admixtures may be removed and determined by
agitating the soap solution in a glass-tapped
separator with an immiscible solvent, ether
being the most generally suitable for the pur-
pose. The ethereal solution is then separated
by means of the tap, evaporated at a moderate
température, and the residue weighed. It is dé¬
sirable to repeat the above process on the ether
residue, to remove any saponifiable matter which
may have escaped hydrolysis in the first opéra¬
tion. Treated in this manner sperm and bottle-
nose whale oils yield about 3S to 40 p.c. of ether
residue consisting of solid higher alcohols, and
the true waxes behave similarly ; but the great
majority of fatty oils yield ether residues not
exceeding 1 to 1^ p.c. This consists in many
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cases principally of cholesterin (from butter,
cod-liver oil, &c.) orphytostearin (from vegetable
oils). These fcodies may be obtained in cha-
racteristic crystals by warming the ethereal ex-
tract with alcohol, and allowing the filtered solu¬
tion to cool. Cholesterin forms very transparent
rhombic plates, the angles of which are ex-
tremely well-defined, and constantly measure
79° 30' and 100° 30'. It melts at 140°. Phyto-
sterin or vegetable cholesterin melts at 132°, and
forms star-shaped crystals or bundles of long,
quite solid, needles. Dissolved in chloroform
and treated ■with strong sulphuric acid, choles¬
terin gives a cherry-red and phytosterin a blue-
red colour. Isocholesterin, winch occurs to-
gether with cholesterin in wool-fat, melts at
137°-138°, and separates from ether in needles,
but gives no colour-reaction with sulphuric
acid. Its mixture with cholesterin melts at
a lower température than either substance sepa-
rately. The following table indicates the be-
haviour of the constituents of complex mixtures
of fats, oils, and waxes, when the aqueous solu¬
tion of the saponified substance is shaken with
ether.

Dissolved hy the etlier.
Hydrocarbon oils, including :

Shale and petroleum oils
Eesin-oil hydrocarbons
Coal-tar oil
Paraffin-wax and ozokerite
Vaseline

Neutral resins
XJnsaponified fat or oil
TJnsaponifiable matter, as cholesterin, phyto¬

stearin, &c.
Higher alcohols, including :

Dodecatyl alcohol from sperm and bottlenose
oils

Cetyl alcohol, from spermaceti
Myricyl alcohol, from beeswax
Colouring matters, as from palm oil

Bemaining in the aqueous liquid.
Fatty acids in thg form of

Phenokand phenoloid bodies/Potassium salts
Glycerol
Excess of caustic potash

The higher alcohols from sperm and bottle¬
nose oils may be separated from hydrocarbon
oils by treating the ether residue with hot recti-
fied spirit, which dissolves the alcohols without
notably affecting the hydrocarbons. A more
perfect séparation of the constituents of a com¬
plex ether residue, such as that yielded by a
' recovered grease ' or the crude oleic acid obtained
by the distillation of such products, is effected
by boiling the residue with acetic anhydride
(Schulze, J. pr. 116, 163), whereby the alco¬
hols, including cholesterin and isocholesterin,
are converted into acetates, which form a
lower layer on which the hydrocarbons float.
The acetate stratum is separated and boiled
with water, to remove the excess of acetic
anhydride. The residue is dissolved in hot
alcohol, from which the cholesteryl acetate will
crystallise on cooling, while the acetates from
isocholesterin, sperm oil, and the waxes remain

Alcohol radicle

Acetate Alcohol

M.p.°C. Sapon.
equivt. M,p.°C. 1

Dodecatyl, C,oHoS liquid 228 24

Tetradecyl, C14Ho0 13 252 38
Cetyl, C10H„ 22-23 284 49-5
Cervl, C27H„ . . 57 438 82

Myricyl, C30JÎ0l .
— 480 85-86 1

Cholesteryl, CoGH"43 92 414 144-116
Isocholesteryl, C^H^ below 100 414 137-138 :

in solution and are precipitated as an oily layer
on pouring the liquid into hot water. Theymay
be further examined by ascertaining their melt-
ing-points and saponification équivalents, as also
the melting-points of the alcohols resulting
from their saponification. The acetates of the
wax alcohols saponify very readily, and the
décomposition of cholesteryl acetate, which is
more graduai, is complété when the solution be-
cornes clear. The alcohols will be precipitated
on acidulating the solution of the soap, while
the fatty acid (acetic) remains in solution, the
behaviour being exaetly the reverse of that
characteristic of saponified fats.

The aqueous solution of the soap (containing
excess of caustic potash), from which hydro¬
carbons and higher alcohols have been separated
by repeated agitation with ether, may be treated
for the contained fatty acids. The liquid should
first be well boiled to get rid of dissolved ether,
On adding dilute sulphuric acid, preferably in
quantity not greater than will suffice to convert
the whole of the alkali intoKHS04, a precipitate
will be obtained consisting of insoluble fattj
acids, resin acids, phenoloid bodies, &e. If the
liquid be hot, the precipitate speedily collects as
an oily layer at the surface of the liquid. In
most cases these fatty acids are almost whollj
insoluble in water, and not sensibly volatile at
100°, but by the saponification of butter fat,
cocoanut oil, palm-nut oil, porpoise oil, blown
oils &o., products are obtained which consist to
a notable extent of the lower fatty acids, and
hence the mixed fatty acids from these sources
are partially soluble in water, and capable of dis¬
tillation with vapour of water at 100°. For the
séparation of these soluble or volatile acids from
oils containing their glycerides, the layer of fatty
acids obtained in the manner above described is
boiled several times with water in a flask fur-
nished with a condenser. The distillate and
aqueous liquid in the flask will contain volatile
and soluble fatty acids, and may be examined
either separately or together with the acidulated
liquid separated from the layer of insoluble
fatty acids. The methods of further examining
the nature of the various fatty acids resulting
from the saponification are described more in
détail on page 48, but the following tabulai
scheme gives a général method for the proxi-
mate chemical analysis of fatty oils and asso-
ciated bodies. It is liable to variation in détail
to suit particular cases, but the same général
principle may be adhered to.

From 5 to 10 grammes weight of the sample
is a convenient quantity to employ, but if the
sp.gr. and other characters of the hydrocarbon
oils are required, a larger quantity must be uscd.
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Froin5to10grammesweightofthesample(previouslymeltcdbywarmingifnecessary)ispasser!throughadryfilter,unlessalreadyperfectlyclear.
A.Residuemay containcurd, sait,water, sand,andin¬ solublemat- tersgenerally.
B.TheClearoil.(N.B.—Ifanaliquotportionoftheclarifie!oilbenotblackenedwhenshakenwithalcoholandArnHS,andleavesno notableashonignition,tliusprovingtheabsenceofmetalliceompounds,thefollowingtreatmentswithwateranddiluteH2S04maybe advantageouslyomitted,theexaminationbeingcontinuedasdirectedatF*.)Theclearoilisagitatedinatappedseparatorwithwater andether.Theaqueoussolutionisseparated,andtheoilsolutionagainshakenwithetheriftheprevioustreatmentwasfoundtoremove anything.

Itmaybe wasliedwith ether,dried, andweighed; thenignited gentlyand weigheda- gain,theloss beingtheor- ganicviatlcr.
C.Aqueousliquid containssoaps ofthealkali
D.Oilsolution.AgitatewithdiluteH2S04andseparate.Washresidualoilrepeatedlybyagitationwithwatertillthe aqueousliquidnolongerreddenslitmus.

mêlais.Itis evaporatedto drynessatlOO0, andtheresidue weighedand furtherana¬ lyse!ifdesired. TheaZfauMmay betitratedwith H2S04and methylorange andthecha- raotersofthe liberatedfatty acidsexam¬ ine!.

E.Acidliquid mayeontain sulphatesof Al,Ca,and hcavymetals previously

F.Solutionofoilinether.*Addafewdropsofphenolphthaleïnsolution.Thengradually,withrepeated shaking,asolutionof2grammesofNaHOin10c.c.methylatedspirit90ofwater,inquantity somewhatgreaterthanissufficienttoproduceapermanentredcolour.Thenseparatetheundissolved oilwithoutdelay.Agitatetheoilandaqueousliquidrespeotivelywithslightlyalkalinewaterandwith ether,andaddthewashingstothemainquantities.
existentas soaps.Also boricacid frornlinseed oildriers, phosphoric acidfrom bonefat,&c., &c.

G.
Aqueousliquid.Addmethylorangeandthen diluteH2S04tillacidreactionobtained.Then asmuchmorediluteIl.HO,,soastoconvert alkaliintoKHSO,.Agitateorwashseparated fattyacidswithboilingwater.

K.Oil.Evaporateofïetherandsaponifyresidualoil byaleoholicpotash.Boilolïalcohol,dissolvesoap
inwarmwater,andagitatecooledsolutionwith ether.Separateandagitateaqueousliquidasecond andthirdtimewithether.(Inanalysisofwaxes, treatmentofthedrysoapwithboilingtolueneshould besubstitutedforagitationofthesolutionwithether.)

H.Oilylayer,consista ofinsolublefattyand resinacids,freein originalsampleoras soapsofAlorheavy metals.Collectbyhelpofether,evapo- rate,weigh,andfur¬ therexamine.

I.Aqueousliquid.Distil tosmallbulk,titrating distillatebyBaH202; thenevaporateand weighBasaltsofvola¬ tilefattyacids.Non- volatilesolubleacids
in

retortleaveNa2C03 whenneutralisedby NaHOandevaporatedor ignited.

L.Aqueousliquidcontainsgly- cerinandsoap,formedbysépa¬ rationofneutralfixe!oilat sample.TreatedasatG,the weightoffattyacidsobtained, multiplie!by1-055,givesap- -proximatelyneutralfixedoilor ghjceridesofsample.Glyeerin maybedeterminedinhalfof aqueousliquidI,asdescribedon page21.

M.Etherealliquid evaporatedat 100°leavesa residuewhichis weighed,and maycontainhy- drocarbons,cho- lesterin,phyto- slerin,higheral- cohols,colouring mattcrs,&c.
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Saponification équivalents of oils. Koctt-
storfer's process.—The saponification of fatty
oils being a perfectly definite reaction, not only
can the proportions of fatty acid and glycerol
produeed from any particular glyceride he calcu-
lated, but the proportion of alkali required for
the saponification can be similarly ascertained
from the général équation

C3H5(OF)3 + 3K(OH) = C,H.(OH), + 3K(OF).
Conversely, if the proportion of alkali required
to effeet the saponification of a particular oil be
accurately dêtermined by experiment, the nature
of the glyceride présent can be inferred. From
the above équation it appears that 1 molecule of
a glyceride requires 3 molécules of alkali for its
saponification. The number of parts of a gly¬
ceride saponified by 1 molecule of alkali will
therefore be J of the molecular weight ; but in
the case of the ether of a monatomie alcohol,
the number will be identieal with the molecular
weight. This figure, which really représenta
the number of grams of an oil saponitiable by
one équivalent in grams of any alkali, or, in
other words, the number of grams of an oil
which would be decomposed by 1 litre of a normal
solution of any alkali, is conveniently designated
the ' saponification-equivalent ' of an oil, and
may in ail cases be found by dividing the per-
eentage of potassium hydroxide (KHO) required
for saponification into 5,610, or the percentage
of sodium hydroxide into 4,000. The expression
of the neutralising power of oils in saponifica-
tion-equivalents has the advantage of being ap¬
plicable to the results of saponification by any
alkali, whilst the percentages of caustic potash
required for complété saponification are not
directly comparable with the figures obtained if
soda be the alkali employed. In praetice, how-
ever, it rarely happens that an oil consists of a
single glyceride in a stats of even approximate
purity, and hence the saponification-equivalents
of the natural oils are the résultants of the
équivalents of their constituent glycerides, and
therefore the quantitative value of the déter¬
mination is reduced. Nevertheless the pecu-
liarity of constitution of many of the natural
oils enables their presence to be inferred from
the proportion of alkali required for their sapo¬
nification.

As hydrocarbon oils do not react with potash,
the proportion of these oils in admixture with
fatty oils can be deduced from the amount of
alkali requisite for the saponification of the
sample. Thus,if a sample of so-called 'linseed
oil ' require only 9'5 p.c. of KHO for its saponi¬
fication instead of 19'0 p.c. it may be safely
assumed to contain 50 p.c. of hydrocarbon oil.

Bromine and iodine absoiptions of fixed
oils.—Another method of examination based on

the chemical constitution of the fixed oils, and
which is occasionally of considérable service, is
dépendent on the percentage of bromine or
iodine taken up by the oil under conditions in-
tended to insure the formation of additive eom-

pounds only. The fatty acids of the acetic or
stearic sériés are saturated bodies which do not
form additive compounds with iodine or bromine,
while the acids of the acrylic or oleic sériés
combine with two atoms of a halogen, and those
of the propionic or linoleic sériés with four
atoms of a halogen, and linolenic acid with six

atoms, as expressed by the following équations,
Thus :

Stearic acid, ClsH3602, docs not combine with
bromine or iodine.

Oleic acid, ClsH3102, forms CISHwBr202, an!
OiaH34I202.

Linoleic acid, Cl8H3202, forms
and ClsH32I402.

Linolenic acid, C16H30O2, forms C18HMBr60s
and ClsH30I6O2.

The glycerides of the acids of these four sériés
behave similarly to the free acids, so that a
détermination of the percentage of bromine ot
iodine assimilated gives a measure of the pro-
portion of olein against palmitin and stearin in
a fat, and of the linolein of a drying oil as
compared with the olein of a non-drying oil.

Hiibl opérâtes on a chloroform alcohol solu¬
tion of the oil, in presence of mercuric chloride ù
not less than the ratio HgC^ : I2. Under these
cireumstanees chloro-iodo products are formel
and the reaction is very definite. The excess ol
iodine is determined by standard thiosulphate of
sodium (v.p.50) (D.P.J.253,281; S.C.I.3,641).

Oxidation of oils. Drying properties. As
already stated, many of the liquid fixed oils
thicken on exposure to the air, and, under
favourable cireumstanees, gradually dry up into
yellowish transparent varnishes or resins. The
oils which possess this property are termed dry¬
ing oils.

For testing the drying properties of an oil, a
definite number of drops of the sample may be
placed in a watch glass or fiât porcelain capsule,
and exposed to a température of about 100°C.
for twelve or twenty-four hours, side by side
with samples of oil of known purity. Olive oil
will be scareely affected by sueh treatment, and
rape oil will only thicken somewhat. Cotton-
seed oil will form a hard skin or varnish, which
can only with difïiculty be ruptured by pressure
with the finger. In some respects, a préférable
plan is to flood a slip of glass with the oil to be
tested, in the manner in which a glass plate is
covered with collodion. The glass with the
adhering film of oil is then kept at 100°, and
the progress of the drying watched by touching, '
at intervais, successive parts of the plate with
the finger. Another useful method is to soak a
definite measure of thick filter paper in the
sample of oil, and then expose it to 100° or
130°C. for some hours, side by side with samples
of oil of known purity.

Galletly has pointed out the close relation-
ship which exists between the drying properties
of oils and their tendency to inliame spontane-
ously when exposed to the air in a finely divided
condition. He found that when a handful of
cotton-waste was imbued with the oil to be
tested, and placed somewhat loosely in a paper
box in an air bath kept at 80°C., the rnass
entered into active combustion after a time
dépendent on the nature of the oil used. Thus,
with boiled linseed oil inflammation occurred in
little more than an hour, while raw linseed oil
required four hours, and rape oil nine or ten, to
reaeh the same stage.

Although frequently grouped as ' drying ' and
'non-drying oils, there is no sharp distinction
between the two classes. Omitting the oils
from marine animais, some of which dry rapidly.
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the ohief commercial liquid fixed oils possess
drying properties in the order of the following
list, the most rapidly oxidisable being placed
first Linseed oil, cotton-seed and fancy seed
oils, rape oil, earthnut oil, olive oil, animal
oleins.

The tendency of the fixed oils to dry or
oxidise is in the direct order of their capacity
for absorbing bromine or iodine, and of the rise
of température produced on mixing them with
concentrated sulpliuric acid.

The chemical changes which occur in the
boiling and drying of linseed oil are very im-
perfectly understood. Aeeording to Mulder,
part of the linolein is deeomposed during the
boiling, with the formation of linoleic anhydride,
or more probably a more highly oxidised body
such as hydroxylinoleic acid. Aeeording to W.
Fox, the glycerides of the oil are deeomposed
during the boiling, oxidation products are formed
by the fatty acids, and the glycerin splits up
into aeids of the acrylic sériés, forming the
irritating vapours which ahvays accompany oil-
boiling. Acetic and formie acids are prominent
constituents of these vapours, and earbon di-
oxide and water are also eliminated. The Etale¬
ments of Mulder and Fox are probably too
sweeping. Allen isolated 8'8 p.c. of nearly
pure glycerin from the products of the saponi¬
fication of linseed oil which had been boiled'
by the steam process. Bauer and Hazura
(M. 9, 459) also consider Mulder's explanation
of the drying of linseed oil to be only par-
tially correct. The subject has been recently
re-investigated by these chemists, who arrived
at the following conclusions :

1. The more linolenic acid an oil contains
the more rapidly it dries.

2. The products of oxidation are not merely
additive compounds, but contain part of their
oxygen as OH groups.

3. The oxidation of the salts of the fatty
acids is similar to that of the acids themselves.

4. By very prolonged exposure to air at or-
dinary températures, or by shorter exposure at
about 80°C., the fatty acids are fully oxidised,
with formation of a resinous sticky solid, inso¬
luble in ether but reconverted into acids soluble
in ether on heating with alkali.

5. Ail the drying properties of oils dépend
upon the presenee of linoleic, linolenic, and iso-
linolenie acids, as oleic acid forms no solid oxi¬
dation product.

6. During the drying of linseed oil only the
glycerol of the non-cïrying glycerides is oxidised,
as is shown by the very small quantifies of
carbonic, formie, and acetic acids formed by
passing pure air through pumice soaked in
linseed oil. Two samples of linseed oil which
were still in the first stage of oxidation, as shown
by their being still soluble in ether, contained
8'9 and 12-1 p.c. of free acid. The body inso¬
luble in ether, called by Mulder linoxyn, pro¬
duced by the oxidation of linseed oil, is not an
anhydride of hydroxylinoleic acid but a glyceride
of that body, which they terni hydroxylinolein.

The tendency of linseed oil to oxidise is much
enhaneed by heating it to a high température
(from 130°C. upwards) while passing a current
of air through or over the oil, and subsequently
increasing the température until the oil begins

to efïervesce from évolution of products of de-
composition. The heating is sometimes effected
by direct application of a fire to the bottom of
the metallic vessel containing the oil, but a
préférable and safer plan is to employ steam.
The process is termed ' boiling ' ; and the oil
thus treated is called ' boiled oil.' By con-
tinued ' boiling ' the oil becomes very thick and
may be drawn out into elastic threads, which
are very sticky but do not produce a greasy
stain on paper. This product is used in the
manufacture of printingink.

By adding litharge, red-lead, ferrie oxide, or
manganèse dioxide or hydroxide during the pro¬
cess of boiling, the oxidation and conséquent
drying of the product is still further facilitated.
The nature, proportion, and mode of adding
these substances is usually kept jealously secret.
Lead acetate and manganous borate are among
the most approved additions. The action of some
of these ' driers ' (e.g. compounds of manganèse)
seems to be that of carriers of oxygen, while
litharge dissolves in the oil and acts partly as a
carrier of oxygen and partly as the base of
certain salts which oxidise very rapidly. W.
Fox suggests that driers hasten the décomposi¬
tion of the linoleic acid, with formation of
secondary products of acid character which pos¬
sess the power of combining with metals with-
out evolving hydrogen. It is to those secondary
products he attributes the absorption of oxygen.

Blown oils, oxidised oils, base oils.—Various
products known by these and similar names are
now manufactured by blowing a stream of air
through fatty oils. The oils which lend them¬
selves most readily to the treatment are cotton-
seed, rape, and linseed oils, but the process is
also carried out with olive, lard, and other oils.
The oil is usually heated hy a steam coil at the
commencement of the process to a température
of 70°C., though this is not strictly necessary,
at least with certain oils, and in any case care
must be exercised in order to avoid too high a
température (above 80°C.). The process usually
lasts from twelve to forty-eight hours, aeeording
to the nature of the oil under treatment, the
character of the product desired, and the size
and power of the apparatus. Great heat is de-
veloped, and the oil gradually increases in den-
sity and viseosity. The product can be varied
by arresting the process at any particular point.
Blown oil is usually of a clear yellow eolour,
with a disagreeahle smell and taste suggest-
ing its origin. It is very viscous and often as
dense as or denser than castor oil, from which it
differs by not dissolving readily in alcohol and
in heing soluble in petroleum spirit. Its perfect
miscibility with heavy minerai oils gives it an
advantage over castor oil in the manufacture of
lubricating mixtures for heavy machinery.
Minerai oil and castor oil are mutually soluble
only to a very limited extent, but by addition
of some other oil, such as tallow oil, perfect
union can be effected. When the oxidation of
cotton-seed oil is pushed to an extreme, the
product has a density of -885 and is not readily
miscible with heavy minerai oils. Blown oils
yield sebaeic acid on dry distillation, and contain
but an insignificant proportion of unsaponifiable
matter. The odour, taste, and eolour reactionof
the oil with sulphurio acid will afford an indi-
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26 OILS, FIXED, AND FATS.

cation of its origin, and more definite informa¬
tion can be obtained by an examination of
the physical and chemical characters of the
fatty acids produced by its saponification.

The proeess of blowing results in a change
in the fatty acids, a notable proportion of which
aftcr the proeess is soluble in water. The in¬
soluble acids have a mean combining weight
considerably below the original, and are re-
garded by Fox and Baynes (An. 12, 33) as

probably ' oxy-acids of the acrylic sériés.' Thj
glycerin, as determined by the permanganat,
proeess, apparently increases somewhat, but thi
elïect is probably due to the formation of solub
products which, like glycerin, yield oxalic aci
by oxidation with permanganate. On saponif
cation, blown oils usually yield very dark soap;
The following figures obtained by the analysis t
blown oils have been published by Fox ai
Baynes (l.c.) :—

— Linseed Cottonseed Rapeseed

Glycerin (apparent)
Free fatty acids
Insoluble fatty acids .....

Combining weight of insoluble acids

12-85 p.c.
2-73 „

87-67 „

258-4 „

11-68 p.c.
5-35 „

85-50 „

196-0 „

11-32 p.c.
3-70 „

84-70 „

186-0 „

W. Fox (Oil and Col. Journ. 1887, 542) has also published the following figures showingtk;
change produced in oils by blowing air

Linseed Cottonseed Rape

Before After Before After Before After

Spécifie gravity
Glycerin
Free fatty acids
Insoluble fatty acids

•9354
9-36
2-40

95-70

•986
12-85

2-73
87-67

•916
9-64
2-50

95-43

•96S5
11-32

3-70
84-70

•927
9-61
3-20

95-65

•985
11-68

5-35
85-50

Classification of Fatty Oils, &c.
In studying the characters of fixed oils and

identifying oils of unknown nature, valuable
assistance is obtained from a suitable arrange¬
ment of the oils in classes or groups. The classi¬
fication here adopted is based on a joint con¬
sidération of the origin, physical characters, and
chemical constitution of the oils. An attempt is
likewise made to classify the oils so that eaeh
group contains some important commercial oil
which is typical of the other members of the
group. Thus the oils included respectively in the
rape oil, olive oil, and cocoanut oil groups, pré¬
sent a more or less close resemblance to rape oil,
olive oil, and cocoanut oil respectively.

The recent researches of Hazura and others
have shown that unsuspected différences exist
between animal and vegetable oils, and on this
account among others it is not found désirable
in practice to place in the same group an oil of
animal origin (e.g. lard oil) with others of vege¬
table production (e.g. almond and olive oils), al-
though in their physical and chemical characters
there may be a close similarity. Similarly, the
oils from fish and marine mammals are advan-
tageously arranged in a separate class from the
oils of terrestrial animais.

It is évident that the melting-point of an oil
is ehiefly dépendent on its chemical composition ;
oils of which palmitin and stearin are the lead-
ing constituents being solid at ordinary tempéra¬
tures, while in the liquid oils olein or linolein
prédominâtes. The spécifie gravity of the fixed
oils is also closely dépendent on their chemical
constitution, and this becomes more évident
when the détermination is made at a tempéra¬
ture at which ail oils are liquid. Under these
circumstances, the waxes are the least dense,
then follow the molten fats, the non-drying oils,

the drying oils, and lastly castor oil, which i:
the densest of ail natural fatty oils.

I. Olive oil group. Vegetable oleins. The
oils of this group have a density ranging froc
•914 to -920, and hence are lighter than the oit
of Groups III., IV., and V. Their viseosity i-
notably greater than that of the drying oils, but
inferior to that of rape oil, and they do not loti
their power of producing a greasy stain oi
paper, however long they may be exposed le
the air. They are further characterised by pro¬
ducing very solid elaïdins, and by their moderate
saponification-equivalents and iodine-absorp-
tions.

II. Eape oil group. The oils of this class
are ail obtained from the Gruciferœ. They aïe
generally classed as non-drying, though less per-
fect in this respect than the members of GroupI,
from which they are further distinguished b;
the greater heat developed when treated with
strong sulphuric aeid, by their higher iodine-
absorptions, by forming pasty elaïdins, and,
above ail, by their very high saponification-
equivalents, a character which is due to the pré¬
sence of the glycerides of fatty acids of excep-
tionally high combining weight.

III. Cotton-seed oil group. These oils range
in spécifie gravity from -920 to "926, or when un-
refined somewhat higher. In this character, as
also in their elaïdin reactions, iodine-absorptioœ,
and the températures developed with strong sul¬
phuric acid, the members of the cotton oil group
stand intermediate between the vegetable non-
drying oils typified by olive oil (Group I.) and
the true. drying oils of Group IV.

IV. Liuseed oil group. Drying oils. These
oils range in spécifie gravity from -924 to -937, and
hence are distinctly denser than the oils of the
previous groups, though lighter than those ol
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OILS, FIXED, AND FATS. 27

Group V. Tkey are not solidified by treatment
with nitrous aoid, evolve great beat with strong
sulphurio aeid, and combine with large propor¬
tions of bromine and iodine. On exposure to
the air in thin layers they absorb oxygen and
form varnishes which are at first sticky but
afterwards plastic or even brittle. The viscosity
•of the unoxidised drying oils is less than that of
the oils of the preeeding groups.

V. Castor oil group. The oils of this group
have little in common beyond their great vis¬
cosity and high density, which ranges from '937
to -985. Castor and crotonoil are remarkable for
their solubility in alcohol and glacial acetic acid,
and their marked purgative properties.

VI. Palm oil group. The oils of this group
are solid vegetable fats not containing notable
quantities of glycerides of lower fatty acids.
Their melting-points are somewhat variable, and
are capable of permanent altération.

VII. Cocoanut oil group. The members of
this group are solid vegetable fats, having high
densities and low saponification-equivalents.
The members of the Sub-group A. contain notable
proportions of glycerides of lower fatty acids ;
that is, of acids distilling with greater or less
facility at 100°C. in a current of steam. This
character distinguishes them from nearly ail
other vegetable fatty oils, and from ail solid
animal oils except butter fat. The members of
Sub-group B., though glycerides, are wax-like
bodies of peeuliar characters.

VIII. Lard oil group. Animal oleins. This
group includes those natural and manufactured
oils, fluid at ordinary températures, which are
obtainedfrom terrestrial animais. They resemble

_ the marine animal oils by darkening under the*

action of chlorine, but are not tumed brown by
boiling with caustic alkalis. They do not dry
notably on exposure to air, and give more or less
solid elaïdins with nitrous acid.

IX. Tallow group. Solid animal fats. This
group comprises such glycerides from terrestrial
animais as are solid or semi-solid at ordinary
températures. Butter fat is distinguished from
ail other fats of the group by its high spécifie
gravity and lower saponification-equivalent,
characters which are due to the presence of a
notable proportion of glycerides of butyric and
other lower fatty acids.

X. Whale oil group. Marine animal oils.
This group comprises the majority of the fluid
oils obtained from fish and marine mammals.
They ave distinguished as a elass by their offen¬
sive fisky odour, which becomes more perceptible
on warming ; by the reddish-brown colour they
assume when subjected to the action of chlorine ;
and by the reddish or reddish-brown colour pro-
duced on boiling them with a solution of caustic
alkali. Withconcentratedsulpliurie acidtheygive
considérable rise of température and colourations
varying from light-red to purple and brown.
Most members of the group dry more or less on
exposure to the air, and yield but little solid
elaïdin on treatment with nitrous acid. In these
respects they resemble the vegetable oils of the
cotton-seed group, and have a similar density.
The oils from the sperm and bottlenose
whales are peeuliar, both as to their physical
characters and chemieal constitution, and form
a separate class (Group XI.). 'Train oil' in¬

cludes the oil from the blubber of any marine
mammal.

XI. Sperm oil group. Liquid waxes. The
members of this group differ from ail the fatty
oils of previous classes in not being glycerides,
but consisting essentially of esters of mon-
atomic alcohols of the ethylic sériés, in which
respect they resemble the true waxes, but are
fluid at the ordinary température. They are
less dense than the glycerides, both at the
ordinary température and at the boiling-point of
water ; and on saponification yield considérable
proportions of solid higher homologues of ethyl
alcohol. They do not dry or thicken notably
on exposure to air, but they yield solid elaïdins
on treatment with nitrous acid.

XII. Spermaceti group. Waxes proper. The
members of this group are substances solid at
ordinary températures and more or less resemble
beeswax, the prototype of the class. They con-
sist essentially of compound ethers or ' ethereal
salts ' of the higher aleohol-radicles of the
ethylic sériés, with, in some cases, an admixture
of higher monatomic alcohols and higher fatty
acids in the free state. Carnaiiba wax seems

also to contain diatomic aleohol-radicles. Sperm
and bottle-nose oils (Table XI.) resemble the
waxes in constitution, but are liquid at ordinary
températures. The bodies known as Japan wax
and myrtle wax (Table VII.) are glycerides and
not true waxes. Paraffin wax and minerai wax

are hydrocarbons, and hence quite différent in
chemical constitution from the true waxes of
animal and vegetable origin.

In the following tables (pages 28 to 34)
the chief fatty oils and waxes of commercial or
scientific interest are arrange! in twelve groups
on the principles above described.

Identification of Fixed Oils.

The récognition of an unmixed animal or
vegetable oil may be usually effected by a careful
détermination ofcertain of its physical and chemi¬
cal properties, with such assistance as can be ob¬
tained by observations of its colour, taste, smell,
&o. Among the physical characters of most ser¬
vice for the identification of an oil, déterminations
of the melting and solidifying point of the oil and
the fatty acids therefrom, of the spécifie gravity,
and of the viscosity, are the most important ;
though observations of the index of refraction,
optical activity, absorption spectrum, and other
characters are occasionally useful, as also is the
behaviour of the oil with certain solvents. Among
the chemical characters of oils, the proportion
of alkali necessary for saponification and the
amount and nature of the products of the re¬
action are of the first importance as means of
identification. Valuable assistance is also de-
rived from observations of the iodine-absorption,
the rise of température on treatment with
strong sulphuric acid, the nature of the products
of oxidation in alkaline solution, the behaviour
with nitrous acid, chloride of sulphur, and other
reagents. In addition, certain colour-reactions
afford valuable indications of the presence of
partieular oils.

Of the various methods above referred to
some of the most important have already been
described. The only other methods requiring
further notice are the observation of the be-
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I.OLIVEOILGROUP.

ICindofoil Oliveoil Olive-kernel oil. Almondoil. Peachoil Apricotoil. Eartlinutoil, Aracliisoil, Peanutoil.
Teaoil..

Sourceofoil
Spécifiegravity

afc15°to1*55°C.
(=59°toG0oF.j

FruitofOlea Europœa. Kernelsofthe olive(Olea Europœa). NutsofAmyg- daluscom¬ munia. Kernelsof PrunusPersica. KernelsofP. Armeniaca. NutsofAvachis hypogœa. SeedsofCamel- liaoleifera.

•914to-917 •920
•918to'920 •918to-920 •916to-920 •917

Solidifying point°0.
+4to-6

-10to—20 Below20 Below20 -5

Vcrylow

Saponifica¬ tion équivalent 285to296 298 287 297 291 289

Iodine absorption 81-5to84*5 99to103 91to105

Othercharacters,composition,&c.
Yellowtoolivegreen;pleasantflavour;easilyturnsrancid. Containsglyceridesofoleic,linoleic,andpalmiticacids,witli tracesofstearicandarachidic.Adulterated"withlardoil, earthnut,rape,sesame,cotton-seed,poppy,andmineraioils, andoleicacid. ExtractedbyCS3orothersolvents.Dark-greenishbrown. Saidtobeverysolubleinglacialaceticacid.Oilextracted frompressedolivemarcresembleskerneloil,liasdarkcolour andunpleasantstiiell,andusuallygivesnosolidelaïdin. Yellowandnearlycolourless;bland,agreeabletaste.Compo¬ sitionsimilartoolive-oil.Adulteratedwithapricotand peachkerneloils,cotton-seed,poppy,earthnut,lard,and oliveoil. Closelyresemblesalmondoil. Closelyresemblesalmondoil Firstrunningshavedensityof*916,thelastof*920.Yellow, ornearlycolourless.Pleasantnuttyflavour. Closelyresemblesoliveandalmondoils.Formsfirmelaïdin. (y.Ph.[3]15,631.)

Cliiefapplications
Imbrication;greasingwool;turkeyred dyeing;burning,cookingandeating; soapmaking. Ointmentsandemulsions. SubstituteforalmondoiL Substituteforalmondoil. Substituteforandadultérantofolive, lard,neats-foot,andotheroils.*Nut- sweetoil'isamixtureofearthnutand oliveoils.

II.RAPEOILGROUP.

15

03

Kindofoil

Sourceofoil

Spécifiegravity

Solidifying- point°C.
Saponifica¬ tion équivalent

Iodine absorption

Othercharacters,composition,&c.
Chiefapplication

At15°tol-55°C.
(=59°to60°F.)

At100°C.

llape-seedoil,Co'.zaoil. Chinesecabbage oil.
Oilofblack mustard.

Oilofwhite mustard.

Brassicacam- pestris,B.na- pus,anda'iied species. SeedsofBrassica sinensis. SeedsofSinapis nigra. SeedsofSinapis alba.

•914to*916 •914
•916to-920 •914to*916

•863

-6to-10 -12 -18
Verylow

314to328 *320
322

97to105-6 Engli-h95 American85
Wlienunrefined,yellowisli-brownorbrownish-greenviscid liquid,withpeculiarodourandpungenttaste.Whenrefined, lightyellow,andnearlyodourless.Saidtobesometimes fluorescentandlfevorotatory.Containsglyceridesoferucic

orbrassicandrapicacids,withalittlebelienia.Sometimes containssulphurcompounds.Givesaveryimperfectelaïdin Dark,disagreeableodour.Elaïdinlikerapeoil(y.Ph.[3] 634.) Beddishorbrownishyellow.Pastyjelaïdin.Incomposition resemblesrapeoil. Characterssimilartooilofblackmustard
Usedforburningand lubricatingmachinery. Adulteratingoliveoil. Soap-making.Greasing steelgoods.

Asasubstituteforrape oil.
Asasubstituteforrape oil.
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III.COTTON-SEEDOILGROUP.
Kindofoil Cofcton-seedoil. Cress-seedoil.. Grape-seedoil.. Maizeoil.. Sesamôorteel oil SunfloweroiL. ÏÏazelnutoil Camelinaoil Beechnutoil..
Sourceofoil Gossypiumbarba- denseandallied species. Lepidiumsativum. Vilisvinifera SeedofZeaMays. SeedsofSesamum orientaleorindi¬ enne. SeedsofHélian• thusannuus;H. perennis. Coryllusavellana. SeedsofMyagrum sativum(Goldof Pleasure). Fagussylvatica.

Spécifiegravity
At15°to 15-5°G.

(=59°to60°F.) 917to-920 921to-924 920to*926 925to*926 920to-922

At98°
to100°O.

Solidify- ing-point °0.

Saponi¬ fication équivalent
1to10 -15 -15to—17 +5to—5 -10to-19 -18to—19 -3

Iodine absorption 119

103to110

Othercharacters,composition,&o.
Whencrude,rubyred,orreddishbrown,andgive3blue colourationwhensaponified.Whenrefined,straworgolden yellow.Depositsmuchstearinoncooling.Bland,agree- abletaste. Brownishyellow.Tasteacridanddisagreeable.Mode- ratelysiccative. Lightyellow,becomingdarkeronkeeping.Odourless;mild taste;driesslowly. Yellow;moreviscousthanoliveorcotton-seedoiLIrri- tatingvapoursonlieating. Paleyellow;odourless;blandandagreeabletaste.Gives magentacolourwithsugarandhydrochloricacid. Yellow.Consistschieflyoflinoleinwithbutlittleolein. (Hazura,M.10,190.) Lightoramberyellow;viscid;mild,sweettaste;no markedsmell;soonbecomesrancid. Yellowisli;peculiartasteandsmell;driesslowly. Clearyellow;odourless;tastelessorslightlyacrid

Ohiefapplications
Gooking;manufacturingmarga¬ rine;compoundlard;soap- making;adulteratingother oils;in .U.S.ointments. Cookery;pharmacy;margarine; soap-making,andadulterating almondandoliveoils. Wooldressing;burning;soap making;adulteratingoliveoil. Perfumery;inpharmacyasa substituteforalmondoil. Burning;painting.

InFrance,forcooking;burning, andsoapmaking.

IV.LINSEEDOILGROUP.

Kindofoil Linseedoil Hempseedoil. Poppy-seedoil. Tobacco-seedoil Weldseedoil Nigerseedoil. Walnutoil Scotchfirseedoil
Sourceofoil

At15°to 15-5°0.
(=59°to60°F.)

Linumusitatissi- mum;L.perenne Cannabissativa Papaversomni- ferum. Nicolianatabacum Resedaluteola Guizotiaoleifera. Juglansregia Pinussylvestris

Spécifiegravity
•930to*939 •925to*931 •924to-927 •923 •936

•924to-928 •925to-927 •931

At100°G. •881 •873

1

Solidify- ing-point °0.

Saponi¬ fication équivalent
-20to-27 -15to-28 -18 -25

Below—15 Below—9 -18to-28
288to300 (291to295 T.andB.)290

Iodine absorption
268to295 286

154to160 (T.andB. 173to188) 143to160 134to137 133

142toi44

Othercharacters,composition,&c.
Containschieflyglyceridesoflinolenicacidandisolino- lenicacid,withsomelinoleinandstearin. Greenishyellow,becomingbrownonkeeping;disagree¬ ablesmellandinsipidtaste.Oftenmixedwithlinseed oil.Sometimescolouredbyindigo. Strawyellow;limpid;odourless;almondflavour(no narcoticproperties).Muchresemblesoliveoil.Solu- ablein25partsofcoldor6ofboilingalcohol.Dries rapidly. Greenishyellow;inodorous;mildtaste;highlysicca¬ tive. Darkgreen,thin;nauseousodourandtaste.Driesrapidly Paleyellow;sweet;morelimpidthanrapeoil.Dries readilyandcompletelyat100°G. Greenishoryellowish,becominglighteronkeeping; syrupy;agreeablefaintsmellandnuttytastewhen fresh,afterwardsacrid.Highlysiccative. Brownisli-yellow.Drieseasily.

Chiefapplications
Painting,varnishes,&c.;soft- soap;oilclothmaking;adulte¬ ratingrapeoil. Painting,varnishes;soft-soap making. Culinarypurposes;burning; painting;adultérationofolive oiL Adultérationofrapeoil;substi¬ tuteforlinseedoil. Paintsandvarnishes.
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V.CASTOROILGROUP.

Kindof oil

Castoroil Crotonoil Curcasoil Japanese
or

Chinese woodoil Manufac- tured. Boiled linseedoil Blown oils

Sourceofoil SeedsofRicinus communis. SeedsofCroton tiglium. ScedsofCurcas purgansor Jatrophacurcas (purging-nut). SeedsofAleu- Htescordata,or Elœococcaver- nicia. Madebyheat- inglinseedoil Madebyoxida- tionofrape, cotton,lin¬ seed,lard,and otheroils.

Speoificgravity
At
15°to 15-5°0.

(=59to 60°F.)
958to*970 940to-942 •919(?) 937to-940 '939to-950 942to-985

At 100°C. •909

Solidi- fying- point °C. Below -13

Saponifi¬ cation équiva¬ lent

Iodine absorp¬ tion

309to319
84to85

204

127

266

-

298

275to284

Othercharacters,composition,&o.
Yeryviscous.Containsglycerideofricinoleicacid.Notreadilysolubleinminerai oils.Solublein4measuresofcoldrectifiedspirit,orinownmeasureofcold glacialaceticacid. Strawtobrownish-yellow.Yisciddensityincreaseswithâge.Containsacrid croto-oleicacid,free,andnoglycérine.Tasteatfirstmikl,tlienstrongandburn- ing.Intenselypurgative.Solubilityinalcoholisvariable.Easilysolublein aceticacid.Producespustuleswhenappliedtotheskin.Griveslittleornosolid elaïdin.Thickenssomewliatonexposuretoair.Containsglvceridcsoftiglic, crotonic,valeric,andothervolatileacids,besideslauric,myristic,palmitic,and stearic.HaS04turnsoilrcd,chocolaté,andblack. Agreeablealmond-liketaste.Faintlyyellovvishcolour.Peculiarodour,but notreadilysolubleinalcohol.Containsglycerideofricinoleicacid.Insoluble acids88percent. Browncolourandpersistentdisagreeableodour.Sometimescolourlessand odourless.Driesveryrapidly,butformssemi-solidproductwithnitrousacid. Grivesveryfirmblackclotwithsulphuricacid. Driesrapidly,andoftenleavesonignitionaresiduecontainingalieavymétal. Adulteratedwithrosinandrosinoil. Highlyviscous;misciblewithmineraioils.Gumonexposuretoair.Contain solublefattyacids.Sometimesadulteratedwithrosinoil.

Chiefapplications
Inmedicine.Makingcheap, transparenttoiletsoaps. Lubricatingheavymaclii- nery.Makingturkey-redoil.

Inmedicine. Substituteforcastor-oil. Saidtobeaddedtoolive oil.
Asadryingoil. Paints,varnishes,oil-clotli making. Substitutesforcastor-oilfor lubricating.

VI.PALMOILGROUP.

Kindoffat

Sourceofoil

Spécifiegravity
Melting- point. °0.

Solidify- ing-point °C.

Saponi¬ fication équivalent
Iodine absorp¬ tion

Othercharacters,composition,&c.
Chiefapplications

At

15°to16°0.
At

98°to99°C.

Talmoil. Cocoabutter Nutmegbutter)Macebutter.j
FruitofAroira elœisorElœis guineensis.

NutsofTheobroma cacao ÎSTutsofMyristica fragrans

•920to-927 •995

•857to-861 •857to-858 •898

25
to36 30to34 45

20to36 20-5
41to42

277to286 280 281

48to54 34to35

Yariesmuchinconsistency,odourandcolour. Orange,red,orbrown.Oftencontainsmuch waterandfreeacid. Colourless;chocolate-liketasteandsmell.Not liabletobecomerancid. Reddisliyellowormottled;tasteandodourofnut- meg;firmconsistence.Occursincommercein oblongcakescoveredwith.leaves.Solubleinfc tainsGpercent,yolatileoil,freemyristicacidand
Railwaygrease;soap-making whensaponified;for candies,&c. Pbarmacy;chocolaté'creams'; high-classtoiletsoaps. Pliarmacy;high-classsoaps.

urpartsofhotalcohol.Con- myristinandstcarin.
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Sheaorgalam butter. Mahwahbutter, Bassiaorillipe oiL Okinesetallow. Manufactured. Ootton-seed stearin.

SeedsofBassia Parkii(Tropical Africa). SeedsofBassia latifolia(Tropi¬ calAfrica) SeedsofBassia longifolia(India) andalliedspecies BerriesofStellin- giasébifera. Promcottou-seed oiL

"864

28

23to35
45

-

33

31

32

30to32
-

-

305

"Wlûte,greygreenisliorreddisli;faiutcliaracteristio cacao-likeodourandagreeableflavour.Some- wliatresemblestallow. Greenishoryellowish. Greenish;rancidtaste;consistencyofbutter Greenishorwhite;turnsbrownonexposure.Paint odour. Resemblestallow.

Soap-making. Soap-making,wlientallow andpalmoilarescarce. Adultérationoflard; manufactureofmargarine.

VII.COCOANUTOILGROUP.
Spécifiegrayity

Melting-point
Solidifying-
Saponification
Iodine

At15°tol6°C.
At98°tol00°C.

°C.

point°C.
équivalent
absorption

-

•868to-874

20to28

16to18

209to228

7to9

•952

•866to-873

26to30

24to26

227to255

12to15

-

•878

-

-

270

-

•924

-

28

-

219

53

•984to1-000
•874to-877

50to53

42to52

252to267

4*2to5*6

•995

•875

40to44

39to43

265to270

—

Kindoffat A.

Cocoanutoil Palmnutorpalm kerneloil Laureloil Macassaroil
B.

Japanwax. Myrtlewax.

Sourceoffat
NutsofCocosnuci- feraandC.buty- racea.. Kernelofnutof Avoiraelœisor Elœisguincensis. PruitofLaurusno- bilis(Baylaurel). SeedsofSchleicliera trijuga. BerriesofRliussuc- cedane.a,&c. BerriesofMyrica cerifera.

Othercliaracters,composition,&c. Consistencyofbutter.Wliiteorsliglitly coloured;readilyturnsrancid.Tastesof cocoanut.Containsglyceridesofailacids ofaceticsériéscontainingevennumberof carbonatoms,fromcaproictoaracliidic. Chieflylaurin. Resemblescocoanutoilincliaractersandcom¬ position.Usuallypinkorprimrosetint, andpeculiartasteandsmell. Consistencyofbutter,greencolour,aromatic, andpeculiartasteandsmell.Meltstoa grèenliquid.Containsglyceridesofacetic, lauric,andmyristicacids,withstearin,pal- mitin,olein,&c. Buttery.Yields91percent,insolubleacids: glyceridesofacetic,butyric,lauric,aracliidic, andoleicacids(S.G.I.8,722). Greenishoryellowisli;tallowyorwax-like. Hard;palegreen.

Chiefapplica¬ tions
Marinesoap; nightlights; factitiousbut¬ terandlard. Substitutefor cocoanutoil. Veterinaryand quackmedi- cines. Candle-making. Oandle-making.
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VIII.LARDOILGROUP.

Kindofoil

Sourceofoil

Spécifie gravityat
15°to16°C.

Solidifying- point°C.

Saponification équivalent

Iodine absorption

Othercliaracters,composition,&c.
Chiefapplications

Neatsfootoil. Boneoil. Manufactuved.
Lardoil. Tallowoil.

Tliefeetofvarious animais. Extractedfrom bonesbyboiling orsolvents. Obtainedbypress¬ inglard. Obtainedbypress¬ ingtallow.

•914to*916 •914to*916 •915 •916

Below0 Variable
—4to+10 Oto+6

299

290to296

66to72 47to76

Yellowish;odourless;blandtaste.Notliabletobecome rancid.Oftenadulteratedwithboneoil,lardoil,andfish oils.Formspastyelaïdin. Yellowishtodarkbrown.Oftencontainscalciumphosphate innotablequantity,whichmaybedetectedbytheashleft onignition,andseparatedbyagitatingtheoilwithdilute hydrochloricacid. Yeryslightlycoloured;clear;slightodouroflard.Soluble inancqualweightofboilingalcohol.Adulteratedwith earthnutoil,&c. Viscid.Muchresembleslardoil.Crudeoleicacidisoften miscalled'tallowoil.'

Lubricatingclocksandma- chineryexposedtolowtem¬ pératures.Leatherdressing. Soap-making. Lubricating;soap-making; adulteratingoliveoil;and wool-greasing;andin Americaasalighthouseoil.

IX.TALLOWGROUP.

Kindoffat

Sourceoffat

Spécifie gravity
at98°to 100°O.

Melting- point °C.

Solidify- ing- point °0.

Saponifi¬ cation équivalent
Iodine absorption

Otliercliaracters,composition,&c.

Obiefapplications

Tallow;Suet Lard. Horsefat Marrow Bonefat Woolfat (suint) Butterfat Manufac- tured. Margarine. Compo-lard. Stearin Recovered fut;York-
Fromtlieoxandsheep Fromabdomenandotlier partsofthehog. Fromtliehorse,&c. Frombeefbones. Bonesofvariousanimais. Thewoolofvariouskinds ofsheep. Oow'smilk.... Madefromthelesssolid partsofanimalfat(ox, sheep,hog)withadmixture of

earthnut,sesamé,cotton- seedorcocoanutoil,and sait,milk,&c. Hog'sfatmixedwithbeef ormuttonstearin,cocoa¬ nutoil,cotton-seedoil,&c. Obtainedbypressinglard ortallow. Treatmentofsoapsuds,&o., witliacids.

•856to-859 •859to*860 •861 •858 •859 •888
•867to-870 •859to*863 •863to*868 ■858to-860

3to49 3to45
33to48 27

to44
29to35 34to40 54to58
20to30 18to38

283to290 286to292 285

284to294 330

241to253 285to290
Beef34to46 Mutton33 55

to62 45 47

19to38 50to56 63to85

Melting-pointvariesmucliwithpartandnatureofanimal yieldingthefat. Melting-pointvariesmucliwithpartofanimalyieldingthe fat. Yellowordirtywliitetobrown.Consistencyoflard,or liarder;veryvariableinquality. Yeryvariableincharacter. Brownish;unpleasantsinelLUsuallysofterthanlard.Com- monlycontainslime. Tough,dirty,yellowishbrown.Containsanotablequautity ofcholesterin.Takesupmuchwater. Yellow;pleasanttasteandsmell.Buttercontainssait,water, andcurd,removablebymelting. Closelyresemblesbutter,ofwhichitoftencontainsacon¬ sidérableproportion. Closelyresembleslard. Themelting-pointishigh.Closelyresembleshardtallowor suet.Mustnotbeconfusedwithstearicacid. Grey,brown,orblack;veryvariable;oftencontainswool-fat.
Candies;soap-making;lubri- cating. Cooking;soap-making. Soap-making.Saidtobeused formakingfactitiousbutter. Soapmaking. Cheap'BrownWindsor'soaps. Usuallydistilledwithsteamto obtainoleicandstearicacids. Food.Cooking. Food.Cooking. Cooking. Candiesandnight-lights; making. Clieapcandies,soap,&c.
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X.WHALEOILGROUP.

Sourceofoil
Spécifiegravity at15°to16°0.

Saponifica¬ tion équivalent

Iodine absorption

Otliercharacters,composition,&c.

Chiefapplications

Whaleoil. Porpoiseoil Blackfishoil Sealoil Menhadenoil. Ood-liveroil Sliark-liveroil.
BlubberofBalœna mysticetusandva- riousalliedspecies BlubberofDelphitins phocœnaandallied species Bodyofblack-fish. BlubberofPhocaof variousspecies Alosamenhaden Liverofvarious speciesofGadas Squalusmaximus (baskingsharkor sun-fisli)andallied species

•920to-931 •920to-930 •924to-929 •927to-933 •925to-930 •911to*928
250to296 255to256 284

286to301 292

263to303

110

(T.andB.) 131 99

142to152 (T.andB.) ,148to160 159to166 (T.andB.)
Yelloworbrowncolour;disagxeeablefishyodour,removablebybleachingpowder.Depositsstearinwliencooled.Somevarieties dryrapidly.Sometimescontainsvalerin. Yelloworbrown.Mucliresernbleswhaleoil.Containsvalerin. Forthecharactersofporpoisejawoilv.B.W.Moore,A.C.J. 11,155.

A.0.J.11,115 Colourrangesfrombrowntonearlywater-wliite.Smelldisagree- able,butmucliimprovedbyexposingtheoiltoairandlight. Driesslowly. Brownislicolour;fishyodour;driesreadily.Sometimesadulte- ratedwithmineraioil. Nearlycolourlesstobrown.Disagreeablefishytaste.Contains cliolesterin,tracesofiodine,certainpeculiàrprinciples,and glycerides. Clearyellowcolour.Oftenenormouslyadulterated.Containsa notableproportionofcholesterin.

Illumination;saw-hardening;soap- making. Illumination;soap-making;leather- dressing,lubrication. Lubricatingfinemachinery. Burninginsafetylamps;lubrication; adultérationofcod-liveroil.Produces averyoffensive-smellingsoap. Adultérationoflinseedoil. Medicine;leather-dressing. Leather-dressing;adultérationofcod- liveroiL(Notnowinthemarket.)

XI.SPERMOILGROUP.

Kindofoil
Spermoil. Doeglingoil,or bottlenoseoil. Dolphinoil

Sourceofoil Blubberand cranialcavi- tiesofPhysetes macrocephalus. Blubber,&c., of
Hyperoodon rostratusand II.bidens. Blubber,&c., of

Delphinus globiceps.

Spécifiegravity
At15°to 16°C.

•875to-884 •876to-881

At98°to 100°C.
•823to'828

KHOp.c.
forsaponifi¬ cation

12-3to13-4

Saponifica¬ tion équivalent 419to456

Iodine absorption 81*3to85 )to82

Otliercharacters,composition,&c. Yellow;slightlyunpleasantfishysmell. Depositscrystalsofspermacetioncool- ing.Containsoleateorphysetoleateof G12H25andhomologues.Thealcohol, 012H25.0H,andhomologues,areobtain- able"assolidproducts(36to40p.c.)by agitatingsolutionofsaponifiedoilwith etlierandevaporatingetherealsolution. Closelyresernblesspermoilincharacter andcomposition.Saidtocontaiudode- catyldœglateC12HaB,C191I3502. Citronyellow;odouratoncefishyand likeleather.Solublesomewhatreadilyinalcohol.Depositsspermacetiwhen cooled,andcontainsalargeproportion oftheglycerideofvalericacid,besides monatomicethers.

Chiefapplications Lubricationoflightmachi¬ nery;hardeningsteel weapons Substituteforspermoil, underthenaineof'Arctic spermoil.'
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XII.SPERMACETIGROUP.WAXES.
Kindofwax

Sourceofwax

Spécifiegravity
Melting- point;

Solidify- ing- point; °0.

Percentageof KETOforsaponi¬ fication

Chiefchemicalconstituents

Othercliaracters

At15°to 1G°0.

At98°to 99°C.

°0.

Byfree acid

Total

Freeacids

Alcohols

Ethersor 'Esters*

Spermaceti. Beeswax.
Depositsfromoilof thespermwliale andalliedCetacea.

Thehoney-combof varionsspeciesof bee.

•942to'946 •959to-969 usually
•963to*966

•808to*812 •819to-829
43to49 62

to64
43
to48

60to62
noneor traces 2*0

12-8 9'3to9'6
Noueortraces. Ceroticacid, II002,H030; 12to15p.c.

- •

Cetylpalmitate anditshomo¬ logues. Rfyricylpalmi¬ tateanda littlepalmitin, &c.

White;highlycrystalline.Whensaponified yieldsapalmitateandsolidcetylalcohol, C10H33.OH,andhomologuesextractedbyether fromsaponifiedliquid.TJsedinpliarmacy, confectionery,andforcandle-making. Yellow,peculiarsmell.Whenbleached,white. Waxylustreandfracture.Usedforcandle- making,moulding,&c.Adulteratedwitli tallow,stearin,parafiin,resin,andother

Pe-la,Paila, orCliinese war. Opiumway. Palmway. Carnahuba, CarnaUba,
orBrazil way.

Producedbyaspecies ofCoccuswhich puncturesthetwigs
ofcertaintrees. CapsulesofPapaver somniferum. BarkofCeroxylon andicolaofthe CordillerasofNew G-ranada.

Fromtheleafcover- ingofCopérnicea ceriferaofSouth America.

•995to 1-000

•809to*811 •842

81to83
79to82

72to86 83to88
80to81 76to80 81to82

trace
•4to*8

6-3

8-3to8-8
Cerotioacid, H0C27H530;

3to6p.c.; andtracesof homologues.
Myricylalcohol C30HG1OIIand

alittleceryl alcohol.

Cerylcerotate andhomo¬ logues. Oerylcerotate, andcerylpal¬ mitate. Myricylcerotate, andallied esters.

wayes. Snow-white,highlycrystalline,brittle;called fromitsappearance1vegetablespermaceti.' Oftenadulterated;frequentlycontains15to
20p.c.ofwater. White,crystalline.Solubleinboilingchloro- form. Muchresemblescarnaiibawax.Slightly solubleinboilingalcohoL Veryhard,sulphur-yelloworyellowish- green.Notreadilybleachedwitlioutchange. TJsedincandle-making,soap-making,and foradulteratingbeeswax.HighlycoDi¬ plexcomposition(v.H.StUrke,A.223, 283). Yellowishwhite.Solubleinboilingalcohol.

Ocubawax.
FruitstonesofaMy- risiicagrowingin ParaandGuiaua.
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OILS, FIXED,-, AND FATS. 35

haviour of the oil with solvents, the rise of
température with sulphuric acid, the elaïdin
and sulphur ehloride tests, and certain colour
reactions.

Kefraction of oils. Various instruments
liave been devised for differentiating oils by
observing their refractive power, but in most
cases they are ill-adapted for practical use, and
are limited in their application to oils liquid
at the ordinary température. An instrument
in which this objection is overcome is the oleo-
refractometer of Amagat and F. Jean (C. B. 109,
616; An. 15, 85). The oil to be observed is
introduced into a hollow prism, which is im-
mersed in a vessel with parallel sides filled with
a standard oil. If the refractive power of the
sample is the same as that of the standard oil
no déviation of the ray of light which is caused
to traverse the apparatus will take place; but
otherwise déviation will occur in a direction and
to an extent which can be seen and measured
on a micrometer scale placed in the eye-piece
of the teleseope with which the instrument is
furnished. As the angle of the prism, the
neutral or standard oil, and the divisions of the
scale are ail arbitrary, the indications of the
instrument are of limited value, but the follow-
ing figures show the différences observed by F.
Jean when various oils were compared, and they
sulfice to indicate the général results and possible
applications of the method of observation :—

- At 22°C. At 45°C.

Standard or neutral oil 0° 0°
Almond oil . + 6°
Olive oil + 1 to 2° —

Earthnut oil. + 4-5° —

Colza oil 16-5° to 17-5° —

Sesamé oil . + 17°
Cotton-seed oil . + 20° —

Poppy oil + 30 to 34° —

Linseed oil . + 53° —

Hemp-seed oil + 33 —

Margarine (average) — -15°
Butter fat — -35°
Lard .... — -12-5°
Beef tallow .

— -16°
Mutton tallow — -20°
Paris tallow .

— -17°
La Plata tallow .

— -19°
Veal fat — -19°
Horse fat — -12°
Neatsfoot oil — -3°
Oleic acid from tallow

or palm oil -34 to -38°
Oleic acid from wool fat + 25°
Linoleic acid + 25° —

F. Jean states that the apparatus is available
for the estimation of methyl and amyl alcohol
in spirit, of petroleum products in turpentine
and benzene, &a.

J. Muter (An. 16, 88) has shown that the oleo-
refractometer may be applied to the détection of
cocoanut oil in butter if the indications are con-

sidered in conjunction with Beichert's volatile
acid test.

Kelations of fatty oils to solvents. Fatty
oils are without exception wholly insoluble in

water and aqueous liquids. In cold alcohol the
liquid oils are, as a rule, but little soluble, and
the solid fats and waxes still less so. In boiling
alcohol some of the liquid oils dissolve to a con¬
sidérable extent, especially if the solvent be
anhydrous.

The drying oils are more soluble than the
non-drying, and oils containing the glycerides
of lower fatty acids (e.g. butter fat, cocoanut
oil, porpoise oil) are exceptionally soluble in
alcohol. Castor and croton oils dissolve with
facility in alcohol, and are sharply distinguished
by this character from the majority of oils. On
the other hand, castor oil is practically inso¬
luble in petroleum spirit and other petroleum
products, with which most other fixed oils are
miscible in ail proportions. In ether, chloroform,
carbon disulphide, benzene, and oil of turpentine,
the fixed oils dissolve with great facility.

Many of the fatty oils dissolve with more or
less facility in glacial acetic acid, andunder cer¬
tain conditions their behaviour is of value as a

test ; 3 c.c. of the oil, previously melted if ne-
cessary, should be treated in a test-tube with an
equal measure of glacial acetic acid. The mix¬
ture is then gradually heated with continuous
shaking until complété solution takes place or
the acid begins to boil. The liquid is then al-
lowed to cool slowly. while constantly stirred
with a thermometer, and the température noted
at which a permanent turbidity appears. The
test, which was first proposed by B. Valenta
(D. P. J. 252, 296), has its indications
disturbed by very slight variations in the
strength of the glacial acetic acid, the spécifie
gravity of which is an insufficient indication of
strength. Hence ail observations must be
checked by concurrent tests made with the same
acid on oil of known purity. The test furnishes
a marked distinction between butter-fat and
margarine, while rape oil and other oils from the
Cruciferœ are incompletely soluble even at the
boiling-point of the acetic acid.

Temperature-reactions of oils with sulphuric
acid. When a fatty oil is mixed with strong
sulphuric acid, an évolution of heat invariably
occurs, and, if the experiment be made under
certain definite conditions, the rise of tempéra¬
ture is approximately constant for the oil in
question. The test was first suggested by
Maumené (C. E. 35, 572) and is best per-
formed in the manner recommended by L.
Archbutt :—50 grams weight of the oil is placed
in a 7 oz. beaker, and the latter immersed in a
capacious vessel of water, together with the
bottle of strong sulphuric acid, until they are
both at the same température, which should not
be far from 20°C. The beaker containing the
oil is then wiped, and placed in a cotton-wool
nest, previously made for it in a cardboard drum
or a wider beaker. The immersed thermo¬
meter is then observed, and the température re-
corded. 10 c.c. of the concentrated sulphuric
acid should then be withdrawn from the bottle
with a pipette, and allowed to run into the oil.
During the addition of the acid, which should
occupy about one minute, the mixture must be
constantly stirred with the thermometer, and
the agitation continued till no further rise of
température ensues. This point is readily ob¬
served, as the indication remains constant for a
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36 OILS, FIXED, AND FATS.
minute or two, and the température then begins
to fall.

It is of the first importance that the acid
used should be of full strength (not below 97
p.c. of H.,S04). The spécifie gravity is not suf-
fieient evidence of this, for Lunge and Naef have
shown that acid of 96 and of 99 p.c., and even of
95 and 100 p.c., have almost exactly the same
density. Hence the strength should be ascer-
tained by careful titration with standard alkali.

In the case of linseed oil and some fish oils,
the reaction with sulphuric acid is so violent
to render loss probable, unless the experime®
be carefully conducted. In such cases, dilutioi
of the sample with an equal weight of olive oi
lard oil will suffice to bring the reaction withit
bounds (v. Ellis, S. C. I. 5, 150).

The following table shows the results usuallj
obtained by Maumené's test. Other figures as
given on pages 40 and 41.

Kind of oil
Rise of Température with sulphuric acid ; °C.

Maumené Baynes Dobb Arehbutt Allen Wiley

Olive oil 42 40 39-43 384-45 41-43
Almond oil . 52-54 35 — I— — —

Bape and colza oil 57-58 60-92 54-60 54-64 51-60 — 1
Earthnut oil 67 — — 47-60 — 69
Beechnut oil 65 — — — — — 1
Cotton-seed oil ; crude .

— 84 61 70 67-69 79
„ „ refined

Oleic acid
77 — 75-76 74-75 __

— — — 37^ 384 —

Cocoanut olein — — — 26-27 — I

Castor oil 47 —
— 46 65 —

Lard, pure .
— — — — — 41

Lard oil — — — — 41 54
Tallow oil 41-4 — — — — —

Neatsfoot oil — — — 43 — —

Horsefoot oil 51 — — — —
—

Compounded lard. — — — — — 46-57 1

A valuable improvement in the mode of
expressing the results of Maumené's tempéra¬
ture reaction has been made by Thomson and
Ballantyne (S. C. I. 10, 233). It consists in
ascertaining the rise of température produced by
mixing 50 grams of water with 10 c.c. of
strong sulphuric acid in the same vessel and
underprecisely the same conditions as those used
for testing the oil. The rise of température with
water is taken as 100, when the spécifie tempéra¬
ture reaction of the oil is obtained by the pro¬
portion :
rise of température with oil multiplier!, by 100_ J ^emp

rise of température with water j réaction.
The method possesses the great advantage that
almost identical results are obtained with acids
of somewhat différent strengths (provided they
are at least 95 p.c.), and hence the figures are
much sharper and more distinctive. The fol¬
lowing are the spécifie température reactions for
various oils as observed by Thomson and Ballan¬
tyne :—

Oil Température No. of samples(Water=100)

Olive 89to 95 U
Earthnut . 105 to 137 2

Bape 125 to 144 5
Cotton-seed 163 to 170 3
Linseed 270 to 349 4
Castor 89to 92 2
Whale 157 1
Seal . 212 to 229 4
Cod . 243 to 272 3
Menhaden 306 1
Sperm 93 to 100 2

Elaïdin reaction. When oleic acid is treate:,
with nitrogen trioxide or an équivalent mixte
it is gradually changed into the isomeric boi;
elaïdic acid, which is solid at ordinary temper.
tures. The glyceride of oleic acid undergoes i
similar transformation with production of tt
solid isomer elaïdin, as also do such oils as cor
sist of true olein in a state of approximatif
purity. On the contrary, the drying oils at
not visibly affected by nitrous acid.

The proportion of the isomerising reagedl
requisite to produce the change and the it
fluence of the proportion used on the rapidjj
and eompleteness of the reaction are almost u»
known. No really seientific study of the for»
tion of elaïdic acid or elaïdin appears to bat
been attempted, exeept some recent experimeut
by Finkener made in the laboratory of tt
Impérial Board of Trade at Berlin (Chem. Zeit
10, 1039).

Of the various methods of obtaining tfe
elaïdin reaction, the following, due to Poule
and L. Arehbutt, is one of the best in practiJ
It dépends on the remarkable power of retainiir
nitrous acid possessed by a solution of ma
curous nitrate.

1 c.c. of mercury should be dissolved in 11
c.c. of cold nitric acid of 1-42 sp.gr. 2 c.c.£
the freshly-made deep-green solution is the
shalcen in a wide'-mouthed stoppered boit
with 50 c.c. of the oil to be tested, and tt
agitation repeated every ten minutes during U
hours. When treated in this manner, oils cor
sisting of approximately pure olein, or of mis
tures of olein with the solid glycerides such £
palmitin and stearin, give a solid product tj
greater or less consistency. Olive oil is remari
able for the canary or lemon-yellow colour aï
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OILS, FIXED, AND FATS.

great firmness of the elaïdin yielded by it.
After twenty-four Fours, the hardness of the pro-
duct is such that it is impervious to, and some-
times rings when struek with, a glass rod, but
this character is also possessed by the elaïdins
yielded by araehis and lard oils. In malring the
elaïdin test, it is important to note the time re-
quired to obtain a ' solid ' product, which will
not move on shaking the bottle, as weil as its
ultimate consistency. Also the température
should be kept as nearly as possible at 10°C.,
and not allowed to exceed 15°, or very erratie
results may be obtained.

The behaviour of the more important liquid
fixed oils, when tested in the foregoing manner,
is as follows :

a. A solid, hard mass is yielded by olive,
almond, earth-nut, lard, sperm, and sometimes
neatsfoot oil.

b. A product of tlie consistence of butter is
given by neatsfoot, bottlenose, mustard, and
sometimes by earthnut, sperm, and rape oils.

c. A pasty or buttcry mass which separates
from a fluid portion is yielded by rape (mustard),
sesamé, cotton-seed, sunflower, niger seed, cod-
liver, seal, whale, and porpoise oils.

d. Liquid products are yielded by linseed,
hemp-seed, walnut, and other drying oils.

In praetice, the elaïdin-test receives its most
important application in the assay of olive oil,
with which it gives a very characteristic re¬
action.

Réaction of oils with chloride of sulphur.
The vegetable drying oils are converted on
treatment with sulphur chloride (S2C12) into
gelatinous or elastic masses, which are em-
ployed as substitutes for indiarubber. T. P. Bruce
Warren has investigated the réaction with a
view to its employaient in the analysis of oils.
The effeet of the treatment with sulphur chlor¬
ide appears to vary materially with the propor¬
tion of the reagent used, which is usually 1 c.c.,
mixed with 1 c.c. of carbon disulphide, to 5
grams of the sample, to which 2 c.c. of carbon
disulphide has been previously added. The
mixture is heated on the water-bath till constant
in weight, when the product is broken up as
completely as possible and exhausted with car¬
bon disulphide, the solution obtained being
evaporated to dryness and the residue weighed.
The various fixed oils are said to give constant
and characteristic weights of the original dry
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product, of which definite amounts are dissolved
by subséquent treatment with carbon disulphide ;
but, except in a few cases, these figures have not
been published, and it does not appear that a
mixture of two oils behaves in a manner which
can be predicated from the nature of its consti-
tuents. Lard oil, and other animal oils, in-
cluding fish oils, are stated not to yield solid
products with chloride of sulphur; and the
same is the case with cocoanut oil and the free

fatty acids from any source. Blown or oxidised
oils give black products. Warren claims that
the method is available for the détermination ,of
vegetable oils in butter and lard, of lard and
cotton-seed oils in olive oil, &o. For further dé¬
tails the original papers must be eonsulted (C. N.
[56] 222, 231, 243, 262; [57] 26, 43, 113; [58]
4, 15 ; [62] 27, 51,125, 215, 251).

Colour-reactions of oils. Many fatty oils
give, when treated with chemical reagents, pro¬
ducts which are often strongly coloured. To a
certain extent these colour-reactions are charac¬
teristic of the oils by which they are produced,
and henee may be employed for their identifica¬
tion. It must be borne in mind, however, that
the albuminous, resinous, and other foreign
matters, on the presence of which the colour-
reactions in most cases dépend, are more or less
completely removed or modified by the proeess
employed for refining the oil. Hence, considér¬
able variation is observed in the behaviour of
différent samples of oil with the same' reagent,
and the value of the reactions is still further re-

dueed by the modifications produced by the
presence of free fatty acids in the oils. Still less
are the indications to be trusted when mixed oils
are under examination.

The colour-reactions of oils with nitric acid
are sometimes characteristic, especially in the
case of seed oils. The test is recommended to
be applied in various ways, but perhaps those
methods which combine observations of the
colour and the character of the elaïdin are to be
preferred. Thus 0. Bach agitâtes 5 c.c. of the
sample with an equal measure of nitric acid of
1-30 sp.gr. After noting any colouration the
mixture is immersed in boiling water for five
minutes, and the effeet again observed. A more or
less violent réaction often occurs on heating,
even resulting, in the case of cotton and sesamé
oils, in the mixture being projected from the
tube.

Bach gives the foliowing table of results

Kindof oil
After agitation with

nitric acid
After heating for five

minutes
After standing 12 to 18

liours

Olive .... Pale green . Orange-yellow Solid
Earthnut . Pale rose Brownish-yellow Solid
Rape .... Pale rose Orange-yellow Solid
Sesamé ■ White v Brownish-yellow. Liquid
Sunflower . Dirty white Beddish-yellow . Buttery
Cotton-seed Yellowish-brown. Reddish-brown . Buttery
Castor Pale rose Golden-yellow Buttery

A similar test has been described by Massie,
who agitâtes 10 grams of the oil with 5 of nitric
acid (sp.gr. 1-40) and 1 grain of mercury, and

observes the colour of the product after one hour,
and also the time required for solidification.
Thus
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OU Colouration
Minutes for
solidification Oil Colouration

Minutes for
solidification

Olive Pale yellowish- 60 Eape Orange 200
green Cotton-seed Orange-red . 105

Hazelnut White . 60 Sesamé . Yellowish-orange . 150
Almond . White . 90 Beechnut Eeddish-orange . 360
Earthnut Pale reddish. 105 Poppy . Eed Pluid
Apricot . Eose 105 Camelina Eeddish-orange . Pluid

In employing colour-tests for oils, it is very
désirable to examine speeimens of oils of known
purity side by side with the sample, instead of
trusting implioitly to printed descriptions of
reactions.

The following table by A. H. Allen shows the
effect produced on placing a drop or two ol
strong sulphuric acid in the centre of about
twenty drops of the oil, and observing the colour
both before and after stirring :—

Oil

1 or 2 drops of strong sulphuric acid to 20 of the oil

Before stirring After stirring

OllS—

. Olive oil
Almond oil .

Earthnut oil .

Eape oil, crade
„ refined

Mustard oil

Cotton-seed oil, crude .

„ refined
Niger-seed oil
Poppy-seed oil

Linseed oil, raw .

„ boiled
Castor oil

Animal oils—
Lard oil ...

Tallow oil
Whale oil

Seal oil ...

Cod-liver oil .

Sperm oil

Hydrocarbon oils—
Petroleum lubricating oil

Shale lubricating oil

Eesin oil, brown .

„ pale

Yellow, green, or pale brown .

Colourless, or yellow
Greyish yellow to orange
Green, with brown rings.
Yellow, with red or brown rings
Dark yellow, with orange

streaks
Yery bright red
Eeddish-brown
Yellow, with brown clot.
Yellow spot, with orange streaks

or rings
Hard-brown, or greenish-brown

clot
Hard-brown clot
Yellow to pale brown

Greenish yellow, or brownish
with brown streaks

Yellow spot, with pink streaks
Eed, turning violet.

Orange spot, with purple
streaks

Dark-red spot with purple
streaks

Pure-brown spot, with faint
yellow ring....

Brown

Dark reddish-brown

Bright mahogany brown

Mahogany brown .

Light brown, or olive green
Dark yellow, olive, or brown
Greenish, or reddish-brown
Bright green, turning brownish
Brown
Eeddish-brown

Dark red, nearly black
Dark reddish brown
Eeddish or greenish-brown
Olive or reddish-brown

Mottled, dark brown

Mottled, dark brown
Nearly colourléss, or pale brown

Mottled or dirty brown

Orange red
Brownish-red, turning brown or

black
Bright red, changing to mottled

brown
Purple, changing to dark brown

Purple, changing to reddish or
dark brown

Dark brown, with blue fluo
rescence

Eeddish-brown, with blue fluo
rescence

Dark brown, with purple fluo
rescence

Ked-brown with purple fluo
rescence

As already stated, the colours produced by
différent samples of the same kind of oil when
treated with strong sulphuric acid are liable to
considérable variation, in addition to which the
reactions are in some cases complicated or
rendered indistinct by the charring action ex-
erted by the acid. This may be avoided by dis-
solving one drop of the oil in twenty of Carbon
disulphide, and agitating the solution with a
drop of strong sulphuric acid. Whale oil when

thus treated gives a fine violet colouration-
quickly changing to brown, whereas with sul-i'
phuric acid alone a mere red or reddish-brom
colour changing to black or brown is usually
obtained.

Systematic meihods of examining oils bave
been described by various chemists, but no sucl
method can be implicitly relied on, owing to the
variable nature of the oils themselves. In par-
tieular, any positive récognition based on the
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«olour-reactions of an oil is of little value, unless
confirmée! by the indications of other tests.

In examining oils for the détection of adul¬
tération, the relative commercial value of the
différent kinds should never be lost sigbt of, and
it must be remembered, that in addition to the
adultération of the moïe valuable fatty oils with
the cheaper, their sophistication by admixture
with the hydroearbon oils obtained by the dis¬
tillation of petroleum, shale, coal, resin, &c., is
also extensively practised.

The following is a list of the principal com¬
mercial fluid oils, arranged as nearly as possible
in the order of their usual value, which in some
cases is liable to considérable fluctuations :—

1. Olive oil
2. Sperm oil
3. Neatsfoot oil

f (a) Bottlenose oil
4. < (b) Lard oil

I (c) Castor oil
7. Cod oil
8. Eape or Colza oil

f (a) Arachis oil
f (h\ fiooorni qj]_9. (b)\ [u) pesaxiit} un
t (c) Poppy-seed oil

12. Seal oil
13. Niger-seed oil
14. Linseed oil
15. Whale oil
16. Cotton-seed oil
17. Menhaden oil
18. Japan fish oil
19. Minerai oil
20. Eesin oil

Practically it is of less importance to know
whether an oil bas the origin attributed to it
than to learn whether its characters are such as

will allow it to be safely used as a substitute for
the genuine oil.

Although it is not possible to lay down any
général scheme which shaE be available for the
identification of any unmixed fatty oil, the
récognition is mueh facilitated by conducting
the examination on a systematic plan. The
following mode of procédure is recommended :—
1. Place a drop of the oil on the back of the
tongue by means of a glass rod, and taste it
carefully, avoiding too hasty a décision. In
this manner marine animal oils, linseed oil,
croton oil, minerai oil, resin oil, and some
others may generally be detected. Eesin oil is
remarkable for the nauseous after-taste of resin
produced by it. Eancidity of an oil may easily
be recognised by the taste.

2. Heat a portion of the oil in a porcelain or
platinum capsule to about 140° or 150°C. and
observe the odour carefully. When sufficiently
cool, pour a little of the oil into one hand, rub
with the other, and smell again. A little prac-
tice will allow of vegetable oils being readily dis-
tinguished from animal oils, and the products of
fish and marine mammals from those of terres-
trial animais. The odour on heating will also
frequently permit the récognition of minerai and
resin oils, and, if the remainder of the oil be
strongly heated till it ignites and the flame then
blown out, the vapours will often have a highly
characteristic odour.

3. Ascertain the sp.gr. of the sample at
15'5°C. (60°F.) if fluid at that température,
but at the boiling-point of water if solid at the
ordinary température.

Oils, liguid at the ordinary température (15-16°C.), arranged according to their spécifie gravity.

Class of oil

Sp.gr. at 15° to 16°C. (=59° to 61°F.)

6. d.a. c. e.

•875 to *884 •884 to -912 •912 to *92( •920 to *937 •937 to -967

Vegetable oils . None None . . Olive Cotton-seed \ Japanese wood
Almond Sesamé 'O® Croton
Earthnut Sunflower Castor

Rape or colza i « Hazelnut S-S Boiled linseed
Mustard Ê'5 Poppy

~

Blown oils
Hemp-seed
Linseed (raw)
Walnut J

° o

2 sa
o a

S*3
Terrestrial animal oils None None • • Neatsfoot

Bone
Lard oil
Tallow oil

None None

Marine animal oils . Sperm
Doegling

None None • "Whale
Porpoise

None

(Bottlenose) Seal
Menhaden
Cod-liver
Shark-liver

Free fatty acids None Oleic acid Linoleic acid Ricinoleic acid
Hydroearbon oils Shale products Shale products

Petroleum pro¬ Petroleum pro¬ Heavy petroleum Heavy minerai oils None
ducts ducts products

The hydroearbon oil produced by the distilla¬
tion of resin is not included in these tables, as
its high density (-970-l-000) places it outside
any of the classes. The same remark applies to
resin itself, which is somewhat denser than
water, and to the high-boiling coal-tar products
which might be mistaken for or found mixed
with the fixed oils. More précisé statements
of the sp.grs. of fatty oils are given on page 28.

The sample having been satisfactorily classi-
fied by means of its taste, smell, melting-point,
and density, the subséquent means of identifica¬
tion dépend on the resuit of these tests.

a. Sperm and bottlenose oils are readily dis-
tinguished hora. slialc and petroleum products of
similar density by the elaïdin test, the déter¬
mination of their saponification-equivalents, and
the quantitative results of their saponification.

b. Oleic acid is sharply distinguished from
hydroearbon oils by its solubility in an aqueous
solution of caustic soda. Mixtures of oleic acid
and hydrocarbons may be accurately analysed
by titration with standard alkali and phenol-
phthaleïn. If glycerides or sperm oil be présent
in addition, the mixture should be analysed as
indicated on page 22.
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Oils <&c. which are pasty or solid, atordinary températures (15-16°C.), arranged according to their
spécifie gravities when melted.

Sp.gr. at 98° to 100°C.

Class of oil
/. h. 'g- i.

•750 to -800 •800 to -855 •855 to '863 •863 to -876

Vegetable fats None . None Palm oil Palmnut oil
Cacao butter Cocoanut oil

Japan ' wax'
Myrtle ' wax '
Cotton-seed stearin

Animal fats None . None Tallow Butter fat
Lard Compounded lard
Suet
Dripping
Bone fat

Waxes
Margarine

None . Spermaceti None . None
Beeswax

'

Chinese wax

Carnaiiba wax

Free fatty acids . None . Stearic acid None . None
Palmitic acid
Oleic acid

Hydrocarbons Paraffin wax Shale and petroleum Vaseline
Ozokerite products

c. The non-drying vegetable oils are distin-
guishable from the similar oils of animal origin
by their taste and odour on heating. The melt-
ing-points of the fatty acids from the animal
oleins are much higher than those prepared from
the vegetable non-drying oils, while their iodine
absorptions are usually lower. Many of the
vegetable oils show banded absorption-speetra,
which is never the case with animal oils. The
vegetable non-drying oils may be distinguished
from each other by careful observations of their
density, viscosity, absorption-speetra, and the
rise of température produced by sulphuric acid.
The elaïdin reaction and colour tests with sul¬
phuric and nitric acids are sometimes useful as
confirmatory tests. Bape and mustard oils are
distinguished from therest by their insolubility in
anequal measure of glacial acetic acid at 100°, and
by their high saponification-equivalents. The
animal oils of the group may be distinguished
from each other by their odour, viscosity, and

melting-points, and to some extent by their rr!
actions with concentrated sulphuric acid andâ
elaïdin-test. Bone oil usually gives an orange i,
reddish-yellow elaïdin of a pasty consistent;,
while lard (and tallow) oil yields a very firrn pre-
duct of a pale or lemon-yellow colour. Tl;
produet from neatsfoot oil is variable.

d. The vegetable oils possessing more or les
well-defined drying characters may be in a grei
measure differentiated by their densities at:
viscosities. The elaïdin-test and colour-reactioig
furnish further means of identification, and tl
results may, when necessary, be suppléments: "
by déterminations of the solubility in glacis
acetic acid, of the rise of température with si!
phuric acid, of the iodine-absorption, and of tt
melting and solidifying points of the fatty acit
obtained by saponifying the oil. The figuré
ordinarily yielded by those methods of en
mination are expressed in the folio™;
table :—

Turbidity- Température Iodine
Oil température with H2S04 absorption

(Yàlenta) (Haumené) (Hiibl)

Cotton-seed 87 to 110 67 to 75 105 to 109
Sesamé 87 to 107 67 to 70 103 to 108
Niger seed. 49 81 to 82 103

Poppy-seed — 86 to 88 134 to 137
Hemp-seed — 98 143
Linseed 57 103 to 1111 155 to 160 1
Walnut — 101 142 to 144

Patty acids (ïïiibl)

Melting-
point

Solidifying.
point

37-7 30-5
26-0 22-3
26-0 —

20-5 16-5
19-0 lô-O
17-0 13-3
20-0 16-0

1 The rise of température and iodine-absorption for linseed oil found by Thomson and Ballantyue (S. C. 1.10, i
are considerably above the figures recorded in the table.

The fatty acids from the moderately drying
oils, especially cotton-seed oil, solidify at a much
higher température than those from the strongly
drying oils, and the same distinction applies,

though in a less marked manner, to the oil
themselves.

The colour-tests with sulphuric and nitric
acids (pages 37,38) afford useful confirmatory en-IRIS - LILLIAD - Université Lille 1
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dence of the identity of seed oils, and their re- |
action with chloride of sulphur is also of service. !

Cotton-seed oil can be recognised with j
tolerable certainty by its characteristic be-
haviour with nitrate of silver, whereby as little
as 5 p.c. in olive oil or lard may be de-
tected. This test, originally due to E. Milliau,
is applied by M. Conroy iri the following im-
proved manner :—5 grams , of silver nitrate
and 1 of nitric acid (sp.gr. l'42) are dissolved
in 100 c.c. of rectifîed spirit (sp.gr. -838). Five
c.c. of the oil or melted and filtered lard is
treated with 1 c.c. of this solution, and the
test-tube immersed in boiling water for five
minutes. In presence of cotton-seed oil the
liquid assumes an olive-brown colour, intense in
accordance with the proportion présent.

Sesamé oil gives a characteristic colour-
reaction by which it can be detected in olive
oil with ease and certainty. The oil is agitated
for 10 minutes with half its measure of fuming
hydrochlorie acid, to which a little cane-sugar
has been added. On separating from the oil, if
the sample contained sesamé oil the acid liquid
will be found to have a rose tint, or even the
colour of permanganate solution. To avoid
certain sources of error, Milliau recommends
that the test should be made on the fatty acids
from the oil; but such a plan greatly diminishes
the delicacy of the reaction. Sesamé oil is
stated to give a fine green colouration when
treated with a mixture of equal parts of strong
nitric and sulphurie acids.

A mixture of strong sulphurie and nitric
acids, used in the proportion of 1 drop to 10 of
the oil, has been proposed by H. Meyer as a

Cocoanut olein is distinguished from other
fluid vegetable oils by its low saponification
équivalent, and the very moderate lise of tem¬
pérature (37°C.) which occurs on treating it
with sulphurie acid. It is not solidified by
chloride of sulphur.

The marine animal oils may be distin¬
guished as a class by their fishy smell and
taste ; by the red or reddish-brown colour
obtained on saponifying them ; and by the
darkening that ensues on passing a current of
chlorine through the oil. They may be differen-
tiated by their saponification-equivalents, be-
haviour with acetic acid, rise of température
with strong sulphurie acid, and their iodine
and bromine absorptions. The last' détermina¬
tions have been made by Mills, and if his
figures are multiplied by W, the corresponding
(calculated) iodine absorption is obtained (with
fair accuracy in some cases, but in others the
discrepancy is very wide.

The colour-test with sulphurie acid gives
further useful information. Porpoise oil and
some varieties of whale oil contain a notable

proportion of glyeerides of lower fatty acids,
and hence give very sensible quantities of vola¬
tile fatty acids when the solution of the
saponified oil is acidulated with dilute sulphurie
acid and distilled.

The following table shows the behaviour of
the principal fish oils with the foregoing tests.
For convenienee of comparison, sperm and
bottlenose oils are included in the table.

colour-test for certain fish oils. Allen gives the
following description of the reactions obtained
with this test :—

OU Sp.gr. of
sample Before stirring After stirring

Cod-liver •9290 Violet quickly becoming rose- Bose-red, changing to light
red. brown.

Hake-liver . •9270 Dark violet, changing to dark Brownish violet, changing to
brown. light brown.

Skatediver . •9327 Light violet, changing to brown Brownish violet, changing to
brown.

Shark-liver . •9285 Light brown with spots of red Light brown, becoming darker
Herring •9326 Brown Darker brown.
Sprat . •9284 Light brown .... Unchanged.
Seal •9245 Light brown .... Lemon-yellow, rapidly chan¬

ging to emerald-green and
bluish-green.

Whale . •9301 Light brown .... Darker.

Saponification Turbidity- Température
Halogen-absorption

équivalent temperature with H2S04 Bromine x Vo7 = Iodine

Sperm 380 to 454 98 45 to 47 56 89
Bottlenose . 419 to 456 102 41 to 47 49 78
Whale. 250 to 296 47 85 to 91 51 81

Porpoise 256 to 260 40 50 — —

Seal .... 286 to 296 — 92 57 to 60 91 to 95
Menhaden . 292 64 123 to 128 — —

Cod-liver 303 79 to 101 103 to 116 81 to 87 129 to 138
Ling-liver .

— — — 82 131
Skate-liver .

— — 102 109 to 123 173 to 195
Shark-liver. 327 to 400 105 90 84 134
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e. The oils of a density exceeding -937 are
few in number, and easily distinguished. Croton
and castor oil are purgative, and readily soluble
in rectified spirit, but have little further re-
semblanee. Boiled linsced oil and Japanese
wood oil have a density between -937 and -950,
dry very rapidly on exposure, and give a firm
brown or black clot with sulphurie acid. Blown
oils closely resemble castor oil, but may be
readily distinguished as described on page 25.
Bosin oil lias a density exceeding -970, and is
not saponified to any considérable extent by
alkalis. It is readily identified by its strong
after-taste, and the terebinthinous odour deve-
loped when the sample is heated till it catches
fîre, and the dame then blown out.

/ and g. The distinctions between the various
waxes are fully indicated in the table on p. 34.
Free fatty acids are at once distinguished from
the waxes by their solubility in alcohol, beha-
viour with alkalis, and their saponification équi¬
valents ; from each other by their melting-points
and combining weights. Paraflin wax, ozokerite,
vaseline, and similar hydrocarbons are sharply
distinguished from the waxes and fatty acids by
being incapable of saponification.

h. The solid vegetable fats of low density are
somewhat numerous and have not been much
studied, but very few of tliem are commonly met
with. The colour, taste, and odour sufiice to
distinguish many of them, and further informa¬
tion is afforded by their behaviour with glacial
acetic acid and the détermination of their melt-
ing and solidifying points. The animal fats
may be distinguished by similar means.

i. The vegetable fats of high density are
readily differentiated. Cocoanut and palm-nut
oils are soft, melt very readily, and have low
saponification équivalents. Japan and myrtle
wax are hard wax-like bodies of comparatively
high melting-point, but are true fats and not
waxes, as they yield glycerin instead of solid
monatomic alcohols when saponified. Palm-nut
oil is distinguished from cocoanut oil by its
taste and smell. Butter fat is the only fat of
animal origin (except wool fat) having a density
higher than '863. Its odour, taste, and yield of
soluble volatile acids when the saponified sub¬
stance is distilled with dilute sulphurie acid
are highly characteristie.

In the case of a sample consisting of a com-
plex mixture of wholly unhnown oils, the iden¬
tification of the constituents is often a problem
of extreme difficulty, but when the leading com-
ponent is known or can be recognised the détec¬
tion of the others becomes more feasible. It
must, however, always be borne in mind that in
most cases oils cannot be recognised by distinct
and spécifie tests, such as exist for the différent
metals, and that in arriving at a conclusion as
to the composition of any sample of mixed oils
the analyst must be content to be guided in a
great measure by circumstantial evidence and a
careful considération of probabilities.

The following facts, which dépend on the
chemieal nature of the oil, are of importance in
the examination of complex samples, and to a
less extent for the identification of unmixed
oils.

Much information may be obtained by sapo-
nifying the oil and determining the products

formed by the reaction. Thus most fixed où
are split up into a fatty acid and glycerin, bu
sperm oil and the waxes yield products differit;
from glycerin in being insoluble in water Is
soluble in ether. Sperm and bottlenose oil
only yield about 63 p.c. of fatty acids, while mos
other fixed oils (not the waxes) give abou
95 p.c. Butter-fat, porpoise oil, and the oil
from cocoanut and palm-nut yield a notait
proportion of acids which are volatile or solub!
in water ; but in the case of almost ail other oit
the whole of the fatty acids are practically »
soluble. Besin gives 100 p.c. of resin acids an!
no glycerin, but minerai and resin oils do no;
undergo saponification at ail, and so can tt
dissolved out of the solution of soap by agita%
it with ether.

The physical properties and combinii;
weights of the fatty acids afford important à-
formation. The acids from rape and castor oil
neutralise sensibly less alkali than those from
most oils. Lard, tallow, and neatsfoot oil
yield fatty acids of much higher melting-poin;
than the non-drying vegetable oils which the;
otherwise resemble. Cotton-seed oil yields fatt;
acids solid at the ordinary température, while
most drying and semi-drying oils yield liquiê
acids. Any admixture of resin acids tenl
greatly to inerease the density of the fatty acide
at the same time lowering their melting-poim
When it is intended to examine the characters o:

the fatty acids it is highly important that the
aqueous and alkaline solution of the soap shooli
be previously agitated with ether until nothin;
more is removed, as any admixture of wax oe
hydrocarbon oil would profoundly modify the
properties of the fatty acids.

The drying oils are heavier but less viscom
than the non-drying oils, apparently in propor¬
tion to their drying tendeney. The non-dryin;
oils give solid elaïdin, the product becoming les;
and less firm as it is derived from a more strongl;
drying oil. Similarly the heating produced b;
mixture with sulphurie acid, the solubility ii
glacial acetic acid, the reaction with sulphm
chloride, and the iodine-absorption appear to
bear a direct relationship to the drying properfa
of a vegetable oil. By a careful application ol
these facts an approximate estimate of the pro¬
portions of différent oils in a mixture can ofier
be made.

Higher Fatty Acids.

Under the dénomination of fatty acids use)
in its widest sense is included the whole senti

of homologous acids of which formic acid is the
lowest member, together with the various homo¬
logous acids of the acrylic or oleic sériés, the
peculiar acids obtained by the saponification ol
castor and drying oils, and many others.

The following tables give some particnlan -

respecting such higher fatty acids as are ol
interest or importance as constituents of tbe
fixed oils or fats. The members containing an
even number of carbon atoms in the molecule
appear to occur more commonly than the alter-
nate acids of the sériés.

It will be noted that the acids of the stearic
sériés become less fusible with an inerease in
the number of carbon atoms. Baeyer has shown,
however, that the rise in the melting-point is
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not strictly regular, inasmuch as an acid of the
stearic sériés containing an uneven number of
carbon atoms always possesses a lower melting-
poinfc than the preceding member of the sériés
containing an even nnmber of carbon atoms.
In a similar manner, the boiling-point of the
acids of the stearic sériés rises with an increase
in the number of carbon atoms. The higher
members may be distilled without altération
under diminished pressure 01* in a vacuum, but
when distilled under the ordinary atmospheric
pressure they suffer décomposition. Similarly,
oleic acid may be distilled in a vacuum, 01* in a
current of superheated steam at 250°C., without
material altération,1 but if distilled with contact

of air, it is partially decomposed, with formation
of carbon dioxide, paraffinoid hydrocarbons, and
acetic, caproic, caprilic, capric, sebacic, and
other acids.

In the following tables the acids of the dif¬
férent sériés are arranged together. Their rela-
tionship is évident from the following list of the
acids containing 18 carbon atoms in the molé¬
cule :

C18H3602, stearic acid.
C,8H3 ,02, oleic acid ; elaïdic acid.
C1SH3202, linoleic acid ; stearolic acid.
ClsH30O2, linolenic acid ; isolinolenic acid.
C1sH3403, ricinoleic acid ; ricinosoleic acid ;

ricinelaïdic acid ; rapic acid.

A.— Higher Acids of the Acetic or Stearic Séries—C„H2?l02= CnH2?l+1.COOH.

Formula

C8Hia0a

C10HaoOa

C13H240a

o,3Haaoa

C14H280a

Name of
acid

Caprilic

Pelargonic,

Capric

Umbellulic
acid

Lauric

Tridecatoic

Myristio

Pentade-
catoic

Chief source

or mode of occurrence

Melting-
point ;

°C.

Ls a glyceride in cocoa-
nut oil, butter-fat,
and Limburg cbeese

In géranium leaves,
Pélargonium roseum,
and as an ether in
wine-lees. Also ob-
tainable from oil of
rue

As a glyceride in but¬
ter, cod-liver oil, and
cocoanut oil. As ail
ether in fusel oil.
Formed by fermen¬
tation of solution of
suint

Obtained by synthe-
tical methods, and
occurs as a glyceride
in chaulmoogra oil
and fat of Californian
bay tree

As a glyceride in cocoa¬
nut and palm-nutoils,
croton oil, laurel oil,
pichurum beans, «Sic.
As an ether in sper-
maceti

Obtained by syntheti-
cal methods

As a glyceride in cocoa¬
nut oil, nutmeg but¬
ter, croton oil, dika-
bread, «Sic. As an
ether in spermaceti

Obtained by synthe-
tical methods

16*5

30-0

28*5

43-5

53-É

Boiling-
point
under

100 mm.

pressure

201*5

212-5

236

248

Other characters, «Sic.

Crystallises in needles or
plates. Soluble in 400 parts
of boiling water, mostly de-
posited on cooling, readily
soluble in alcohol, ether,
and benzene. Boils at 236°C.
Ba sait moderately soluble

Boils at 254°. Crystallisable.
Ba sait very difficultly so¬
luble in cold water

Boils at 268° to 270°C. Crys¬
tallises in brilliant plates.
Paint goat-like odour.
Slightly soluble in water,
easily in alcohol and ether.
Ba sait forms nacreous crys-
tals, difficultly soluble in
boiling water. Soluble in
alcohol

Crystalline scales. Paint
odour resembling caproic
acid ; peculiar irritating
taste. Boils at 270-275°,
and distils unchanged

Distils readily with open
steam. Solidifies from fu¬
sion in scales. Crystallises
from alcohol in white
needles. Pb sait insoluble
in ether, sparingly in alco¬
hol

Scaly, crystalline substance.

Crystallises from alcohol in
shilling laminae. Pb sait
soluble in alcohol, insoluble
in ether

Pearly crystalline scales .

Isomeric acids of
interest

Isoctoic acid, obtained
by oxidisingisooctyl
alcohol, is liquid at
—17°, and boils at
219°

Isononoic acid, ob¬
tained synthetically.
Not solid at —11° ;
boils at 245°

Isodecatoic acid, ob¬
tained by oxidising
isopentyl alcohol, is
an oily liquid not
solidified at —37°,
and boiling at 24l'5°.
Ba sait is oily or waxy

Cocinic acid exists as a

glyceride in cocoa¬
nut oil, and has been
obtained from sper¬
maceti

Cocinic acid (see above),
not improbably con-
tains C13HaaOa

Benomargavic acid,
from oil ofben,melts
at 52-53°

Cctic acid, from sper¬
maceti

Isocetic acid, from oilof
médicinier, melts at
55°

Acid from Aga?-icus in-
teger, melts at 70°

Acid from oxidation of
cocceryl alcohol,
melts at 59-60°

Cahours and Demarçay (O. R. 90, 156) found, in the producb obtained by distilling the higher fatty acids in a
current of superheated steam, ail the lower acids of the acetic sériés, from formic to caprylic. Pelargonic and
capric acids were also believed to be formed, as also traces of acids of the succinic sériés, and sebacic acid and its
lower homologues.
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A.—Higher Acids of the Acetic or Stearic Sériés (continuée!).

ciehaaoa

c17h34o2

C18H3e02

C10H38O2

c20h40o2

c21h42o2

c22h44o2

c,3h40o„
c24h48o:

cS8H00O3

c20h62o2

c27ïï8402

oaBH50o2
CsuHS802
c30h00o2

c3,hoaoa

Name of
acid

Palmitic

Margaric .

Stearic

Nondecatoic

Arackidic .

Medullic

Bekenic

Unknown .

Lignoceric.

Hyœnic

Geoceric .

Cerotic

Unknown .

Unknown .

Melissic

Unnamed .

Ckief source or
mode of occurrence

Melting
point ;

°c.

As a glyceride in many
or most natural fats,
notably palm oil ; as
cetyl palmitate in
spermaceti ; as my-
ricyl palmitate in
beeswax. Free in
adipocere. Principal
constituent of com¬
mercial palmitin

Obtained by syntketi-
cal means. Said to
occur in a free state
in adipocere

As a glyceride in ad-
mixture witk palmi¬
tin in many natural
fats. Principal com-
ponent of commer¬
cial stearin

Obtained witk mar¬

garic acid from crude
cetyl cyanide

As a glyceride in eartk-
nut oil, butter fat,
«Sic.

As a glyceride in beef
marrow

As a glyceride in oil
of ben and black
mustard, and iu
small quantity in
rape oil

Occurs in beeckwood
tar and eartknut oil

As a glyceride in tke
glandular pouckes of
tke striped kyena ;
and in suint

Produced by distilla¬
tion of brown coal

In the free state in
beeswax and car-

naiiba wax ; as ceryl
cerotate in Ckinese
wax and opium wax

Occurs in small quan¬
tity in beeswax

By heating tke myri-
cylalcokolfrom bees¬
wax witk soda-lime

6G-2

75-0

72-5

76-0

80-5

90

88*5
89*0

Boiling-
point
under

100 mm.

pressure

268*5

Otlier ckaracters, &c.

Wliite crystalline needles.
Distils unchangedm vcicuo.
Pb sait insol. in etker ;
melts at 108-112°C.

Pearly crystalline scales, ob¬
tained by tke action of
alkalis on cetyl cyanide

Forms nacreous laminœ or
needles ; sparingly soluble
in cold alcohol. Pb sait
melts at 125°C., and is
insoluble in ether

Scaly crystalline mass .

Crystallises from kot alcohol
in very small skining scales
of pearly lustre. Insoluble
in cold alcohol of *880 sp.gr.

Skining silvery plates, re-
sembling stearic acid

Crystallises from kot alcohol
in interlaced needles. Pb
sait insoluble in alcohol or

etker.

Crystallises from kot alcohol
in microscopic curved
needles ; from etker in
more distinct crystals

Crystallises in small grains;
soluble in kot alcohol or

etker, but almost wkolly
deposited on cooling. Pb
sait insoluble in alcohol or

ether

Obtained by fusing myricyl
alcohol witk potask. Crys¬
tallises in lustrons white
plates or needles. Readily
soluble in kot alcohol CS2
«Sic., but only sparingly in
boiling etker. Pb sait in¬
soluble in alcohol or etker ;
melts at 118-119°

Wkite needles. Pb sait
melts at 115-116°

Isomeric acids of
interest

Iso-palmitic acid, ob-
tained by syntlietical
means, melts at 26-
27°

Daiuric acid, from
tkornapple seeds.
Melts at 55° (C. R
111, 305)

Iso-stearic acid, or
dioctyl-acetic acid,
obtained by synthe-
sis, melts at 38-5°

Cetyl-acetic acid, melts
at 63-64°

Paraffinic acid, ob¬
tained by the oxida-
tion of paraffin wax
witk fuming nitric
acid, melts at 45-173

Acid from carnallba
wax, melts at 72-5°

B.—Higlier Acids of the Acrylic or Oleic Sériés—C„H2„_202, or CI1H2n_,.COOH.

Formula Naine of acid
Ckief source or

mode of
formation

Melting-
point CC.

Otker ckaracters

Isomeric (or poly-
meric) acids produced

by tke action of
nitrous acid on

natural acids

C.A.O. | Moringic acid

Cimicic acid .

As a glyceride in
oil of ben

Exists in liquid
ejected by tke
grey-leaf bug
(Rhapigaster
puncti pennis)

0

44

Crystallisable. Existence is
somewhat doubtful

Crystallises from ether in
prisms united in stellar forms,
and is sparingly soluble in
alcohol, readily in etker.
Rancid odour

-
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B.—Higher Acicls of the Acrylic or Oleic Séries (continuecl).

45

Formula

C18H30Oa ■{

CI8H3403

CIOH3B02

CÏOH3802
c„h40o3
Osantes

Naine of acid

Hypogœic acid,

Physetoleic acid

Unknown.
Oleic acid .

Iso-oleic acid

Aldepalmitic
acid

Doeglic acid

Unknown.
Unknown.
Erucic or bras-

sic acid

Chief source or

mode of
formation

As a glyceride in
tlie oil of tlie
eartlinut (ira-
chù hypogeeia)
and in lycopo-
dium spores

As an ester in
sperni oil

As a glyceride in
the majority of
fattyoils. Forais
the ' olein ' of
commerce

By distillation of
hydroxystearic
acid

From butter fat.

As an ester in
bottlenose oil

As a glyceride in
rape, grapeseed,
and black and
white mustard
oil s

Melting-
point °0.

33

30

16

33-34

Other characters

Forrns colourless crystals very
readily soluble in alcohol
and ether. Combines with
Br2. Yields gaïdic acid with
nitrous acid and sebacic acid
on distillation. Pb sait is
soluble in ether

Differs from hypogœic acid in
not yielding sebacic acid on
distillation

Crystallises from alcoholic
solution in dazzling white
needles. Insoluble in water,
soluble in ether, oils, &c.
Pb sait soluble in ether

yields sebacic acid on distil¬
lation and elaidic acid with

HNOa. Combines with Br2.
Fused with ICHO yields
acetate and palmitate

Soluble in alcohol and ether.
Unités with Br2. Behaves
like oleic acid when fused
with alkali

Forms a solid compound with
alcohol. Doubtful existence
(S. C. I. 10, 212)

Resembles oleic acid. Yields
doeglaïdic acid with HN Oa

Crystallises from alcohol in
long, thin, lustrous laminœ
or needles. Combines with
Br2. Pb sait yery easily
soluble in hot ether, acetone,
or benzene. Yields erucaïdic
acid with HNOa and acetate
and arachidate when fused
with IvHO

Isomeric (or poly-
meric) acids produced

by tlie action of
nitrous acids on

natural acids

Gaïdic acid forms a

crystalline mass
melting at 39°. Vo¬
latilises almost un-

changed ; readily so¬
luble in alcohol ;
combines with Bra

Physetelaïdic acid. Pro¬
duced by action of
HN02 on physetoleic
acid

Elaïdic acid. Pro¬
duced by action of
HNOo on oleic acid.
Pearly plates melt¬
ing at 45° and dis-
tilling almost uu-
clianged

Doeglaïdic acid, pro¬
duced by action of
HN02 on doeglic acid

Eracaidic or Brassa-
ïdic acid. Produced
by action of HNOa
on brassic acid.
Melts at 56°. Pb
sait is nearly inso¬
luble in warni ether

C. Higher Acids of the Propiolic or Linoleic Sériés, C,lH2„_102.

Formula

CISH„02

cl7H30o2

:c18h32o2

CibH3<02
c20h30o„
c2lE3ao:
o22h40o2

Name of acid

Pentadecinoic
acid

Linoleic acid

Elœomargaric
acid

Elœolic acid

Linoleic oi

Homolinoleic
acid

Unknown.
Unknown .

Unknown .

Chief source or mode
of occurrence

As a glyceride in
poppy and liemp oils

As a glyceride, to-
gether with that of
its isomer elœolic
acid1 in the seeds of
Elœococcus vernicia,
which yields Japa-
nese wood oil

As a glyceride in cot-
ton, hemp, and poppy
oils, and less abun-
dantly in linseed oil

Other characters

Liquid at low tempera- Stearolic acid, melts at

Isomeric acids

Myristolic acid, melts at
12°

Palmitolic acid, melts
at 42°; crystallises
in needles

tures. Not solidified by ;

HN03. Yields steario1
acid by hydrogénation,
and sativic acid when
oxidised in alkaline
solution. Combines
with Br4. Lead sait
sol. in ether. Absorbs
oxygen rapidly from air

48°, and crystallises
in long prisms. Com¬
bines with Bra to
îorm dibromaleic
acid, and with Br4
to form tetrabromo-
stearic acid

Behenolic acid, melts at
57-5°, and crystallises
in needles

Obtained bythe
action of alco¬
holic potash on
the dibromo-
acid of the

, acetic sériés
containing the
samenumber of
carbon atoms;
e.g. C,8H34Br2Oa

+2KHO =

C18H320a+2KBr

1 Elœomargaric acid forms rhombic plates which melt at 48°, absorb oxygen from the air and become resinous.
On exposure to light the alcoholic solution deposits isomeric elœostearic acid, melting at 71. Both the solid isomers are
converted into liquid elœolic acid when heated in an atmosphère of hydrogen to 180°.
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D. Higher Acids of tlie Linolenic Sériés, C„H2„_602.

Formula Name of acid
Chief source or mode of

occurrence
Other characters

Ci8H30Oa . |
Linolenic acid

Isolinolenic acid .

As a glyceride in linseed and
hemp oils

As a glyceride in linseed oil,
together with some linolenic
and linoleic acids

Liquid. Yery oxidisable. Combines with Br,
Forms linusic acid, melting at 203° when oi
dised in alkaline solution. Pb sait sol. in ether

Resembles linolenic acid, but forms isoliuusk
acid, melting at 173-175° when oxidised il
alkaline solution

E.—Higher Acids of the Hydroxyoleic or Ricinoleic Sériés C„H2„_,03, or C„H2li_;i(OH)02.

Formula Name of
acid

Chief source or mode of
occurrence

Other characters Isomeric acids

Ci8H3403-i

Ricinoleic
acid

Isoricinoleic
acid

Rapic acid

As a glyceride in castor
and curcas oils

As a glyceride in castor
oil, together with that
of the isomer ricinoleic
acid

As a glyceride in rape
oil, together with that
of erucic acid

Thick oily liquid, solidifying below 0° ;
sp.gr. *951 at 15°. Miscible in ail pro¬
portions with alcohol and ether. Com¬
bines with Br2. Pb sait is sol. in ether;
solidified by HN02 ; yields trihydroxy¬
stearic acid (ricinolic acid), melting at
140-142° when oxidised ki alkaline so¬
lution. Yields sebacic acid when fûscd
with KHO

Resembles ricinoleic acid

Oily liquid. Zn sait is readily soluble in
boiling ether (Zn erucateverv sparingly
soluble), and when crystallised from
alcohol melts at 78°. Does not give
sebacic acid when fused with KHO, but
yields stearic and another crystalline
acidinstead. Not solidified by HNOa.
(See page 47.)

Ricinelaïdic acid, pn>
duced by the action o!
HNOa on ricinoleic
acid ; melts at 5(i:,
and crystallises froc
alcohol in silky glù.
tening needles. Com¬
bines with Br2. Pt
sait melts at 100° an!
is soluble in ether

Ail the fatty acids named in the foregoing
tables are practically insoluble in water, but are
mostly soluble in alcohol, ether, and fixed oils.
In aleoholic solution they usually exhibit a more
or less marked aeid reaction, and both in solu¬
tion and in the molten state décomposé the car¬
bonates of the alkali-metals. The résultant
salts are commonly called ' soaps.' The fatty
acids of the différent sériés formulated in the
foregoing tables présent certain marked points
of différence and général reactions of interest,
of which the following are the chief :—

A. The higher acids of the stearic sériés are
solid at the ordinary température. They are
saturated bodies, and hence do not form addi-
tive compounds with bromine, and do not react
with Hiibl's iodine solution. They may be
heated with caustic potash to a very considér¬
able température (e.g. 300°C.) without change.
They are equally unacted on by treatment with
phosphorus and hydriodic acid. The lead salts
of the acids of the stearic sériés are insoluble in
ether, a fact which may be utilised to separate
them as a class from ail the acids of the follow¬
ing sériés.

S. The higher acids of the oleic sériés hâve
lower melting-points than the acids of the stearic
sériés containing the same number of carbon
atoms. They form additive compounds with
bromine of the formula and react

sharply with Hiibl's reagent to form analogous
compounds. When gradually heated with caustic
potash to about 300° they yield potassium acé¬
tate, and the potassium sait of an acid of the
stearic sériés containing a number of carbon-
atoms two less than the original acid of the oleic
sériés employed

C18H3102 + 2KHO = C2H.,K02 + C16H31K02 + H2.

Heated rapidly with excess of alkali, certain o:
the acids of the oleic sériés yield sebacic acid
C10H18O4, as a characteristic product. It forai
brilliant needles, melting at 127°, and soluble il
1,000 parts of cold or 50 of boiling water. 1
remarkable reaction of oleic acid and its trœ
homologues is the formation of an isomer o:
higher melting-point under the influence o!
nitrous acid. This reaction is common to tbeii
glycerides, and is also exhibited by ricinoleitK
acid and its glyceride, but not by the acids oi
classes G and D. When oxidised by perman-;
ganate in alkaline solution, oleic acid and its
analogues yield acids of the dihydroxysteariil
sériés.

C. Linoleic acid and its homologues com¬
bine with either Br2 or Br4, and react with i
larger proportion of Hiibl's reagent than do the
acids of the oleic sériés. They usually hâve i
very low melting-point, are not visibly affected
by nitrous acid, and form lead-salts soluble in
ether. Linoleic acid absorbs oxygen rapidly
from the air, and is oxidised by permanganate
in alkaline solution to sativic acid (p. 47).

D. Linolenic acid and isolinolenic acid hâve
only been recently proved to exist, and are
now known chiefly through their products of
oxidation in alkaline solution (v. p. 47). No
homologues are known.

E. Ricinoleic acid combines with Br„, does
not oxidise in the air, is gradually solidified by
nitrous acid, and forms a lead-salt soluble ie
ether. With permanganate in alkaline solution
it yields a trihydroxystearic acid. With acetio
anhydride, ricinoleic acid yields an aeetyl
derivative. No homologues of ricinoleic acid
are known, and the isomers have been little
studied.
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The acids of the natural fixed oils, especially
those of vegetable origin, are still imperfectly
understood, and would well repay further inves¬
tigation by the aid of modem methods of ana-
lysis. The following is a résumé of recent work
in this direction.

The fatty acids of rape oil have been recently
studied by Beimer and Will (B. 20, 2385), who
state that besides a very small proportion of a
solid acid which was identified as behenic acid,
C.„HmO„, two liquid acids are présent in about
equal proportions. One of these, erucic acid,
CyS^Oj, forms a zinc sait which is nearly in¬
soluble in ether, which permits of its séparation
from rapic acid, C,sH3103, the zine sait of which
is easily soluble in ether, and forms a crystalline
mass, melting at 78°, from which the free acid
may be obtained by heating with tartaric acid.
Bapic acid is an isomer of ricinoleic acid. It
cannot be solidified by cooling or treatment with
nitrous acid, and when fused -with potash yields,
instead of sebacylic acid, stearic acid and a
second crystallisable acid not yet fully examined.
It evolves hydrogen when fused with caustic
potash, and on dissolving the product in water
and acidulating the solution a precipitate is
formed from which two distinct crystallisable
acids can be isolated by fractional crystallisa-
tion. For the préparation of behenic acid from
rape oil 1,000 grams should be saponified,
and the neutralised solution precipitated with
i grams of zinc acetate. The precipitate is
washed and decomposed by hydrochloric acid,
and the product purified by erystallisation from
alcohol. It forms shining silvery plates melting
at 75°.

Benedict and Cantor (Z. 16) in criticising
Keimer and Will'sresults, point out that the low
acetyl number of rape oil (6-3) corresponds to
only 3'8 p.c. of a hydroxyacid isomerie with that
from castor oil. The high iodine-absorption of
rape oil (100) as compared with the iodine-
absorptions attributed by Reimer and Will to
the acids isolated from it (erucic acid 75'2, rapic
acid 85-2, behenic acid 0) renders it probable
that there is a large proportion of an acid allied
to linoleic acid présent.

Goldschmidt bas shown that the oil from
black mustard seed contains the glycerides of
erucic and behenic acids, and of another liquid
acid which is probably identical with rapic acid.

The liquid portion of the fatty acids obtained
by the saponification of linseed oil was till re¬
cently generallyregarded as composed of linoleic
acid, to which the formula was com-

monly attributed. A. H. Allen has shown that
the figures on which this formula is based agree
quite as well with C18H3,0.., and that as a fact
the acid from linseed oil has a combining weight
corresponding with the latter formula. To avoid
confusion he has pruposed to distinguish the
C,s acid by the name homolinoleic acid, but this
seems unnecessary since further researches have
definitely proved the truth of Allen's con¬
jecture. Thus Peters (M. 7, 552) has shown
that when the acid, purified by conversion into
its barium sait, is heated with phosphorus and
hydriodic acid it yields stearic acid C18H3802,
and not palmitio acid C16H3202, as would be the
case if it contained 16 atoms of carbon. Sirni-

larly, Dieff and Eeformatzky (B. 20, 1211) find
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that when oxidised by permanganate in alkaline
solution linoleic acid is converted into a tetra-
hydroxystearie acid (sativic acid) C,8H32(0H)402.'
Hazura has arrived at the same conclusions on

différent grounds, andtogether with Grûssner has
added much to the knowledge of the chemistry
of the drying oils, and proves that in linseed oil
two isomerie acids of the formula C,sH80O2 coexist
with oleic and linoleic acids, though this conclu¬
sion is disputed by Reformatzky (J. pr. 41, 529).
According to Hazura and Grûssner (M. 9,
180) when the fatty acids from hemp-oil are
submitted in acetic acid solution to the action
of bromine, brominated derivatives are formed
which may be separated by erystallisation from
alcohol. On heating the products with zinc and
hydrochloric acid the bromine is eliminated and
two unsaturated acids are obtained. Of these,
linoleic acid C18H3202 absorbs I4 from Hubl's
solution, while the second product, called by the
authors linolenic acid C18H30O2 assimilâtes I8.
When these two acids are oxidised by potas¬
sium permanganate in alkaline solution they
yield respeetively sativic and linusic acid.

Sativic acid Gl9H3202 (OH)4 is insoluble in
cold water and ether, soluble in 1,000 parts of
boiling water, and is readily soluble in alcohol.
From hot water it crystallises in long micro-
scopic, silky needles or in pyramidal prisms,
according to the purity and concentration of the
solution. It melts at 173°. The potassium and
sodium salts are soluble, the barium insoluble.
Sativic acid, when treated with hydriodic acid,
yields a brownish oily derivative which is con¬
verted into stearic acid by the action of nascent
hydrogen. Hence sativic acid has probably the
constitution of a tetrahydroxystearic acid.

Linusic acid C18H30O2(OH)6 is insoluble in
cold water and ether, sparingly soluble in hot
water and alcohol. It forms microscopic needles
or rhombic plates (the opposite ends of which
are often blunt) melting at 203°. The sodium
and potassium salts are readily soluble, the
barium easily in hot, but sparingly in cold
water.

Isolimisic acid C1SH3608, isomerie with the
above, crystallises in small anhydrous prismatic
needles, melting at 173-175°. It is insoluble in
ether, benzene, chloroform, and carbon disul-
phide, sparingly soluble in cold water or cold
alcohol, but readily in boiling water or alcohol.
The potassium and sodium salts are readily
soluble, and barium and calcium isolinusates^
are soluble in hot water.

From the researches outlined above, and
similar experiments on ricinoleic and oleic
acids, Hazura and G-riissner deduce the follow¬
ing law:—When oxidised by permanganate in

1 Reformatzky (J. pr. 41, 529) has settled the for¬
mula of linoleic acid to be beyond dispute C1#ïï3?03. Ethyl
linoleate was prepared by passing hydrochloric acid gas
through an alcoholic solution of crude linoleic acid. The
product was washed with water and unetherified fatty acid
removed with 80 p.c. spirit. The purified and washed pro¬
duct was distilled under reduced pressure, the distillate
saponified, the soap solution acidulated, and the free linoleic
acid extracted by ether. The ethereal solution was evapo-
rated, and the residue dried in a vacuous receiver over
sulphuric acid, lime, and ferrous sulphate. The acid so
prepared was a brownish, mobile, odourless oil, which had
an iodine absorption of 180*3 (theory 181*43). By long-
continued heating in a sealed tube with hydriodic acid it
yielded Ci8H35I02, which on saponification yielded stearic.
acid.
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alkaline solution, unsaturated fatty acids take j containing the same number of oarbon atomsi:
up as many hydroxyl groups as there are free the molécule. The following is a tabulai- exprs
valencies, yielding saturated hydroxy-fatty acids | sion of the facts demonstrated by Hazura

Fatty acid Oxidation product

Name Formula Naine Formula Melting pt,

Ricinoleic acid
Ricinisoleic acid .

Oleic acid
Elaïdic acid.
Linoleic acid

Linolenic acid

Isolinolenic acid .

}ci8H3302(0H)
) C18H3402

c,sh32o2

j> ClsH30O2

Trihydroxystearie acid
Isotrihydroxystearie acid
Dihydroxystearic acid
Isodihydroxystearic acid
Tetrahydroxystearie acid

(sativic acid)
Hexahydroxystearic acid

(linusic acid)
Isolinusic acid

} C1sH2302(0H)3
] C18H3,02(0H)2

C1sH3202(0H)4

j.C18H30O2(OH)s

140-142°
110-111'

137°
173°

203° >

173-175*

melting at 32°-34°, yields dihydroxybehenic
acid c22h4202(0h)2, melting at 132°-133° ; while
the isomer brassaïdic or erucaïdic acid c22h42o2
obtained by the action of nitrous acid on erucic
acid yields an isomeric dihydroxyacid, melting
at 98°-99°c. Eicinelaidic acid yields by oxidation
/8-isotrihydroxystearic acid, melting at 114°-115°.

The best mode of operating in order to obtain
the hydroxy-fatty acids is to treat 30 grams of
the fatty acids in question with 30 c.c. of caustic
potash solution of 1-25 sp.gr. The soap formed
is dissolved in 2 litres of water, and treated
gradually with 2 litres of a 1J p.c. solution of
potassium permanganate. The alkaline liquid
is filtered and acidulated with sulphuric acid.
The precipitated hydroxyacids (A) are colleeted,
dried, and (converted in barium salts, the pro-
duct being extracted with boiling water. The
insoluble portion is decomposed by hydrochloric
acid, and the liberated acids dried and) treated
with cold ether. The solution contains diliy-
droxystearic acid (from oleic acid) and a small

proportion of unoxidised acids. The porta
insoluble in ether consists of sativic acid (froc
linoleic acid). The solution of the barium sait
soluble in hot water is concentrated and acidt;
lated. The acid set free consists chiefly®
linusic acid (from linolenic acid), but is occi
sionally eontaminated by small quantities g
isolinusic acid, which may be removed by frai
tional crystallisation from alcohol. The acit
liquid filtered from the insoluble hydroxyaciè
(A) is neutralised, concentrated to 300 c.c., an;
reacidified, when a precipitate of mixed isolima i:
acid and azaleic acid C8H1604 is obtained. jlb
precipitate is extracted with ether, in which tl;
isolinusic acid is insoluble. The filtrate from

.

the acidulated liquid yields to çther a smiE
additional quantity of azaleic acid, and otta
lower fatty acids produced by the decompositioi
of linoleic acid.

Operating in this manner, Hazura and G-riiss-
ner conclude that the fatty acids from the vegd
table oils liave approximately the followin;
composition :—

Liquid acids from 0„H„Oa
Oleic

C„H3,Oa
Linoleic

C„HmO,
Linolenic

CI8H3o02
Isolinolenic Otlier acids 1

Linseed oil
Hemp oil
Nut oil .

Poppy oil
Cotton oil

Castor oil

Earthnut oil .

Almond oil
Olive oil

présent
15

7
30
40

none

présent
présent

93

15
70

80
65
60

présent
présent
présent

7

15
15

1

65

3
5

/ ricinoleic 1
\ ricinisoleic 2

hypogœie

These results show that linseed oil is pecu-
liar in containing a very high percentage of
acids of the formula C18H30O2, a fact which ex-
plains its very high iodine-absorption, which is
about 156, as against 135 for poppy oil. The
uniform presence of linoleic acid in vegetable
oils, and its absence from animal oleins (e.g.,
lard oil) may be employed for the détection of
the former class in mixtures. For this purpose
the fatty acids are dissolved in caustic potash
and treated with permanganate, as already de-
scribed; but, in order to prevent the action
going too far, with conséquent loss of the cha-
racteristic product, sativic acid, the process of
oxidation is allowed to continue for ten minutes

only, when a rapid stream of sulphur dioxideii
passed through the liquid till the solution be-
cornes acid and ail the oxide of manganèse haï
redissolved. The sparingly soluble dihydroxj-
stearic and sativic acids are filtered off, driedf.
in the air, and washed with cold ether, wkicl
dissolves the former, together with any unoii
dised acids, and leaves the sativic acid in a stati
of tolerable purity.

Récognition and Détermination of

Fatty Acids.
The methods available for the détection, ari.

to some extent for the détermination, of theL";
higher fatty acids are for the most part baseil
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on the characters already described. In many
cases it is unnecessary to effect an actual
séparation of the fatty acids of a mixture, it
being sufficient to ascertain their joint amount,
or to détermine indirectly and approximately
the proportion of the acids of différent origins
known to be présent.

Methods not involving séparation.—a. Free
fatty acids can be volumetrically determined by
the following prooess. Some methylated spirit
is purified by redistillation with a little caustio
soda, a little alcoholic solution of phenol-
phthaleïn added, and then dilute caustic soda
added drop by drop till the liquid retains a faint
pink colour after shaking, this preliminary treat-
ment being intended to secure the absence of
any trace of free acid. An accurately weighed
quantity of the sample, varying from 5 grams
of fatty acid to 50 grams of an ordinary oil,
is then introduced into a flask or bottle fur-
nished with a glass stopper. From 50 to 100
c.c. of the neutralised spirit is then added and
raised to the boiling-point, either by immersing
the bottle in hot water or by direct applica¬
tion of a flame. The contents are thoroughly
agitated to effect as complété a solution of the
fatty acids as possible. If the sample of oil be
wholly free from acid, the pink colour of the
spirit will remain unchanged, but othenvise it
will hâve disappeared. In the latter case, a
semi-normal solution of caustic soda (= 20-0
grams of NaHO per litre) is gradually added
to the warm contents of the flask, which is
thoroughly agitated after each addition. The
addition is continued until a pink colouration is
obtained, which persists after vigorous shaking.
The reaction is as well defined, and the neutral¬
isation-point as easy to perceive, as in the
titration of minerai acids; but owing to the
very high combining weights of the fatty acids,
great care is necessary. Thus, 1 c.c. of normal
caustic alkali used corresponds to 0-256 of free
palmitic, 0-284 of free stearic. or 0-282 gram
of free oleic acid in the quantity of the sample
examined. For determining small proportions
of free acid, it is désirable to employ deeinormal
alkali, while in the case of samples containing
much free acid, the quantity taken for the
assay should be correspondingly reduced. Gly-
cericles, hydrocarbon-oils, and other neutral
bodies do not interfère, but free minerai acids
must tirst be removed by agitation with water,
or determined by titration in alcoholic solution
with methyl-orange as indieator, and resin acids
must be separated or duly allowed for. In the
case of a mixture of several fatty acids the
resuit is best expressed in terms of the principal
or most characteristic acid présent, and in most
cases such a mode of statement gives a close
approximation to the true total of the free fatty
acids présent.

Conversely, when the substance under ex-
amination consists wholly of a mixture of fatty
acids, titration with standard alkali suffices to
ascertain the mean combining weiglit of the
mixed acids. This is found by dividing the
number of milligrammes of fatty acids em¬
ployé! for the titration by the number of
cubic centimètres of normal alkali required
for neutralisation. Thus if 5 grams of a
mixture of free fatty acids lias been found to

Vol. III.—T

require 37-80 c.c. of semi-normal alkali for its
neutralisation, the mean combining weight of
the acid will be 264-5, for :—

6. The method of Koettstorfer (page 24)
may be regarded as a process for approximately
ascertaining the mean combining weight of the
fatty acids of an oil without actually isolating
them. If the saponification-equivalent of the oil
be multiplied by 0'95 the mean combining weight
of the acids will be obtained with tolerable
accuracy. The method is, of course, only ap¬
plicable to oils yielding approximately 95 p.c.
of fatty acids on saponification. With oils like
shark and sperm oil, and the true waxes, the
process is quite useless. On the other hand, in
the case of the pure glycerides it is in some
respects préférable to a titration of the pre-
viously isolated fatty acids, as there is less
danger of altération by oxidation or the loss of
soluble fatty acids in the course of préparation.

c. The titration of a mixture of oleic acid
with acids of the stearic sériés by means of
Hiibl's reagent allows the former constituent to
be determined with considérable accuracy. As
282 parts of oleic acid, C1sHmO.,, assimilate 254
parts of iodine, I2, the iodine-absorption divided
by 0'9 gives the percentage of oleic acid présent.
Linoleic acid and its homologues assimilate I4,
and hence their presence renders the détermi¬
nation of the oleic acid excessive, but the
method is still applicable if the mode of calcu-
lation be modified accordingly. Oleic and lin¬
oleic acids have so very nearly the same
molecular weight (282 ; 280), that the latter
may be regarded as absorbing twice as much
iodine as the former, or 180 per cent, against 90.
Hence, if 90 be subtracted from the observed
iodine-absorption of the mixed aeids, and the
différence be divided by 0-9, the dividend will be
the number of parts of linoleic acid in 100
parts of the mixture. If acids of the stearic
sériés are also présent, they must be separated
or duly allowed for in making the calculation,
which becomes hopelessly vitiated if linolenic
acid be also présent. If the percentages of stearic
acid, oleic acid, and linoleic acid in a mixture
of the three be represented respectively by
the symbols s, o, and l, and iodine-absorption
by A, the proportions of the liquid acids pré¬
sent will be found by the following équations ;—
s is known; o = 200 —1-11 A; and 1 = 100—o —s.

Hiibl's solution consists of an alcoholic solu¬
tion of iodine containing mercuric chloride in a
proportion not less than HgCl2 to I2. It is pre-
pared by dissolving 25 grams of iodine in 500 c.c.
of nearly absolute alcohol (free from fusel oil),
and 30 grams of mercuric chloride in an equal
measure of the same solvent. The latter solu¬
tion is filtered, if necessary, and then added to
the tincture of iodine. The mixed solution
should be allowed to stand 12 hours before being
used, as, owing to the impurities in the alcohol
employed, it is liable to undergo considérable
réduction in strength, and must in ail cases be
restandardised immediately before or after use.
Th'e strength is ascertained by titration with
deeinormal solution of sodium thiosulphate
(Na.,S203), which in its turn is set by a solution

E
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of resublimed iodine in the usual way. The
mercurial iodine solution reacts with ease at
ordinary températures on either free unsaturated
i'atty aeids or their glycerides, to form chloro-
iodo-addition products, the total proportion of
halogen assimilated being estimated in ternis of
iodine.

For the purpose of determining the iodine-
absorption of an oil or fatty acid, from 0'2 to
l'O gram aceording to its iodine-absorbing
power should be weighed accurately and dis-
solved in 10 c.c. of chloroform. The solution is
mixed in a stoppered flask with 20 c.c. of the
standard solution of iodo-mercuric chloride, and
if the liquid is not quite clear after agitation a
further addition of chloroform is made. If the
mixture becomes decolourised, or nearly so, after
standing a short time, a further addition of 5 or
10 c.c. of iodine solution must be made. To
ensure accurate results the excess of iodine must
be very considérable, and hence the liquid ought
still to be quite brown after standing for six
hours. After remaining that time in darkness,
from 10 to 15 c.c. of a 10 p.c. aqueous solution
of potassium iodide should be added, or suffieient
to redissolve any Hgl, which may separate, and
the whole diluted with about 150 c.c. of water.
The free iodine, part of which exists in the
aqueous and part in the chloroformic solution, is
then determined by titration with standard thio-
sulphate, the contents of the flask being fre-
quently and violently agitated, and starch
solution being added just before the end of the
réaction. A blank experiment with the same
quantities of chloroform, iodine solution, &c.,
is made side by side with the actual test, so as

to correct for any impurities in the reagent!,
and to ascertain the true strength of the iodine
solution. The additional thiosulphate requirei
in the experiment in which the oil was em.
ployed is then calculated into its équivalent of
iodine, and this to units per cent, of the oil or
fatty acids. In assaying free fatty aciils t;
this process the use of chloroform is noi
essential, as, being soluble in aleohol, they ait
acted on by the iodine solution without its aii.
Some operators allow a longer time (c.g. 1!
hours) for the reaction to take place.

d. Much useful information respecting tli
fatty acids présent in a mixture can be ot
tained by observing the melting and solidifyin:
points, which are more or less characteristi
of the fatty acids from différent oils, as als
are their spécifie gravities, iodine absorptions,
and mean combining weights. The fatty acids
should be prepared by saponifying the oil witi
alcoholic potash, taking great care that tls
réaction is complété. The aleohol is evapo-
rated and the residual soap dissolved iji k
water and decomposcd by dilute sulphuiit
acid. The liquid having been well boiled, it i;
transferred to a flask and enough boiling wata
added to cause the layer of fatty acids to ri»
into the neek. They are removed with a pipette,
and filtered in a hot water oven, througlî iv
paper. There is no occasion to remoye the
trifling quantity ,of unsaponifiable matter pri¬
sent in most oils, but when shark, sperm, bottii-
nose oil, or any of the true waxes are unie
treatment, the alkaline solution of the sort
must be repeatedly agitated with ether befoie
acidifying the liquid.

Source of fatty acids Melting- Solidifying- Spécifie gravity Mean com¬ Iodine
point °C. poillt °G. at S8°-100° bining weight absorption

Olive oil. 24-27 20-24 •843 279-286 90
Almond oil . . 14 5 278 —

Earthnut oil . 28-33 24-31 ■846 282 —

Rape oil ... 18-22 12-18 •844 307-321 105-106
Cottonseed oil 35-44 30-36 •848 275-289 115-116
Sesame oil ... 23-30 18-28 286-287 —

Nigerseed oil . 25-27 — —

Poppyseed oil ... 20-21 16-17 — — —

Linseed oil 24 17-18 •861 283 178-179
Hempseed oil ... 19 15 281 —

Walnut oil . 20 16-17 274 -
—

Castor oil ... 13 2-3 •896 290-316 94
Palm oil .... 40-50 40-46 •837 263-273 53-54
Palm-nut oil . 15 211 10-17
Cacao butter .... 48-52 49-51 — —

N utmeg butter 42-43 40 —
—

Shea butter .... 39-40 38 — —

Cocoanut oil . 24-25 20-21 •844 196-204 9-15
Japan wax .... 50 53 •848 252-261 —-

Myrtle wax .... 47-48 46 ■837 265 —

Lard oil 42-43 __ — 280 —

Lard 37-46 32-43 •837-840 272-296 58-65
Compounded lard . 39-43 — •836-839 -

— —

Tallow • 45-49 43-49 270-285 41-43
Beef suet .... 43 — 279 —

Margarine .... 42 40 — — —

Bntter-fat (insoluble acids) 36-46 37-38 — — —

Sperm oil . . 13-14 — — 281-294 88
Northern whale oil . — — •859 299 ■—
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The preeeding table shows the charaeters of
the mixed (insoluble) fatty acids obtained by
the saponification of various oils and fats. The
variations in the melting and solidifying points
are in great measure due to the différent methods
of observation adopted. The figures for the
spécifie gravity at 98° to 100°C. are referred to
waterat 15°-16°C. tâken as unity. The prin¬
cipal observers whose ligures are quoted in the
table are Allen, Archbutt, Baeli, Bensemann,
Dieterich, Dubois and Padé, Hùbl, Thôrner,
■Wiley, and Williams. Where the figures ap-
peared to be highly exeeptional they have been
omitted as of doubtful aecuracy. Theyhave, in
some instances, a considérable practical value.
Thus, the high melting-point of the fatty acids
obtained on saponification distinguishes cotton-
seed oil from nearly ail other liquid fixed oils of
vegetable origin, and enables its presence to be
inferred in admixture with other oils ; the melt¬
ing-point of the acids from cacao butter is re-
markably constant, and is sometimes useful as a
test of the purity of the fat ; while the solidify-
ing-point of the acids from palm oil affords a
practical indication of the value of the sample
to the candie manufacturer. The same remark
applies to the fatty acids of tallow, for the propor¬
tion of oleic.and solid fatty acids which a sample
of tallow will yield can be deduced from the soli¬
difying-point of the fatty acids. This is aseer-
tained as follows. A test tube, about 5 inches in
length by § inch in diameter, is fitted with a
ring or collar of cork or india-rubber, by which
it is fixed in the mouth of an empty bottle or
flask. The melted substance is then poured into
the (warmed) tube till it is about two-thirds filled,
and a delicate thermometer, previously warmed,
is suspended freely in the liquid, so that the
bulb may be wholly immersed. When the fat
commences to solidify at the bottom of the tube
the thermometer must be attentively observed.
The operator then stirs the contents of the
tube slowly, by giving the thermometer a cir-
cular movement, first three times to the right
and then thrice to the left. The first effect of
the agitation is to cause the thermometer to
fall slightly, but subsequently a sensible rise
takes place, and the mercury remains stationary
for at least two minutes. The température thus

The process of Benedikt and Ulzer is based
on the assumption that only hydroxylated fatty
acids (e.g. ricinoleic aoid) form acetylated deriva-
tives when heated with acetic anhydride, the
others remaining unaltered, so that in the latter
case the proportions of alkali required will be
approximately the same before and after acetyl-

indieated is the solidifying-point of the sub¬
stance, and the results obtained are remarkably
constant. A rise of several degrees is often ob¬
served subsequently. In such cases both tem¬
pératures should be reeorded.

The lowest permissible solidifying-point of
the acids is often fixed at 44°C., eorresponding to
a mixture of oleie and solid fatty acids in equal
proportions. The following table by F. Dalican
shows the approximate yield of solid fatty acids
(' stearic aeid ') from 100 parts of tallow or other
fat. The eorresponding oleic acid may be found
by subtraeting the percentage of solid acids from
95-00.

Solidifying-
point °C.

Solid acids
p.o.

Solidifying-
point °C.

Solid acids
p.c.

40-0 35-15 45-5 52-25
40-5 36-10 46-0 53-20
41-0 38-00 46-5 55-10
41-5 38-95 47-0 57-95
42-0 39-90 47-5 58-90
42-5 42-75 48-0 61-75
43-0 43-70 48-5 66-50
43-5 44-65 49-0 71-25
44-0 47-50 49-5 72-20
44-5 49-40 50-0 75-05
45-0 51-30

(e) Another method of examining fatty acids,
proposed by Benedikt and "Ulzer, consists in pre-
paring the acetylderivative and then ascertaining,
by Kœttstorfer's process, the arnount of alkali
required for its saponification. 50 grams of the
fatty acid are boiled with 40 grams of acetic
anhydride, under an inverted condenser, for two
hours. The product is boiled with about 500 e.c.
of water, washed till free from acid, dried and
filtered. A known weight is then dissolved in
aleohol and directly titrated with standard
alkali as on p. 49. Another quantity is then
saponified with a known quantity of KHO, as in
Kœttstorfer's process, and the exoess of alkali
determined by titration with standard acid and
phenolphthaleïn. Benedikt and Ulzer (Monats-
hefte, January 1887) give the following figures
obtained by the process :—-

isation. J. Lewkowitseh (C. N. vol. 61, 238, 286 ;
S. C. I. 9, 842) has published results whieh
appear to prove conclusively that the reaction
with acetic anhydride is not so simple, or the
figures so reliable, as was supposed. Aeetio
anhydride appears to act on stearic acid to
form stearic anhydride and acetic aoid. After

E 2

Original acids Acetylated acids

Source of fatty acids KHO p.c. for Mean combining Without saponifying. With saponification.
neutralisation weight KHO p.c. KHO p.c.

Mut oil 20-48 273-9 19-80 20-56
Cottonoil . 19-98 280-8 19-57 21-23
Crotonoil . 20-10 279-1 19-57 20-42

Hemp oil . 19-94 281-3 19-68 20-43
Almond oil 20-16 278-3 19-65 20-23
Olive oil . 19-71 284-6 19-73 20-20
Castor oil . 17-74 316-2 14-28 29-62
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washing with water the stearic anhydride is but
slowly hydrolysed by aqueous potash, but if
dissolved in alcohol and titrated with caustic
alkali it undergoes immédiate hydrolysis, and
henee neutralises the alkali, just like steario
acid. This faot. prevented Benedikt and Dlzer
from diseovering the change. The other higher
fattyacids behave similarly. Lewkowitsch points
out that, in the light of his researches, the
presence of hydroxylated fatty acids (e.g. ricino-
leic acid) cannot be safely inferred unless the
différence in the amount of alkali required for
neutralising the fatty acids before and after
treatment with acetic anhydride exceeds the
limits of possible expérimental error. He sug-
gests that where the presence of hydroxylated
acids is proved the best method of estimating
the amount will be to saponify the aeetylated
acids with alcoholic potash, boil off the alcohol,
acidulate with sulphuric acid, distil off the
acetic acid, and ascertain its amount by titration
of the distillate.

Methods of analysing fatty acids involving
séparation.—The actual séparation of mixed
fatty acids is often a problem of extreme diffi-
culty, which indeed cannot in ail cases be satis-
factorily solved in the présent condition of
chemistry. The principles which have been
applied to the fatty acids enumerated in the
tables on page 43 et seg. inelude the follow-
ing :—

1. The mixed free fattyacids arewell washed
by agitation with hot water, when those contain-
ing 10 atoms or fewer of carbon are dissolved.
This process is applied to the analysis of the
fatty acids from butter.

2. The mixed free fatty acids obtained by
treating their soaps with a moderate excess
of dilute sulphuric acid (sufficient to convert the
alkali into MHSOj) are distilled with water,
either with or without the aid of a current of
open steam. This method allows a more or less
complété séparation of the homologues up to
lauric acid from the higher members of the
stearic sériés.

3. The acids are converted into barium salts,
and the precipitate treated with water or alcohol.
The barium salts of lower members up to capric
acid can be dissolved out by boiling water.

4. The acids are converted into lead salts,
which are then treated with ether or alcohol.
An application of this principle enables the
higher acids of the stearic sériés to be separated
from the fatty acids of the remaining sériés.

5. The alcoholic solution of the acids is pre-
cipitated by magnésium acetate. By operating
fractionally some useful and difficult séparations
can be effected.

6. Fractional distillation, fractional fusion
and pressure, and fractional solution in or crystal-
lisation from alcohol or other solvents, are other
processes employed for the séparation of the fatty
acids.

No précisé method of separating oleic acid
and its homologues from linoleie acid has
hitherto been devised. Possibly one might be
based on the conversion of the acids of the oleic
sériés into isomers of higher melting-point and
modified properties by means of nitrous acid.
Methods 1,2, and 3 have been already sufficiently
described, and those under 6 do not require

further notice. Methods 4 and 5, however, an
described below.

The higher homologues of the stearic serie;
of fatty acids being solid at ordinary tempen.
tures, while the fatty acids of other sériés (q,
oleic, linoleie, ricinoleic) are liquid, a more oi
less complété séparation can be effected by sut
jecting the mixture to filtration or pressure.
The latter plan is employed with considerabit
success on a large scale. Crystallisation fret
hot alcohol also serves to free the solid fatt;
acids from those fluid at ordinary températures
but neither plan allows of the latter being ol
tained even moderately free from admixed soi
acids, and such methods are quite useless fc:
quantitative work.

A général method by which stearic acid an:
its homologues can be separated from oleic ani
other liquid fatty acids is based on the insolubi-
lity of the lead salts of the acids of the stearit
sériés in ether, and the solubility of the cotre-
sponding compounds of other fatty acids in thi
same menstruum. The best method of operatin;
is probably that recommended by J. Muter (An.
14, 63). Three grams of the fat should be treated
in a fiask furnished with a long tube with 50c.c.
of alcohol and fragment of caustic potash. The
contents of the flask are heated to boiling tili
saponification is complété, when a drop ol
phenolphthaleïn solution is added, and ther
acetic acid till the liquid is slightly acid. Ai
alcoholic solution of caustic potash is ther
added drop by drop till a faint permanent pint
tint is obtained, when the liquid is slowly pourei
with constant stirring, into a basin containingo
solution of 3 grams of neutral lead acetate il
200 c.c. of boiling water. The whole is allowed'
to eool slowly, stirring well to induce aggloméra¬
tion of the precipitate, and the clear liquid i-
then poured off. The precipitate is well washtd
by décantation with boiling water, and then
transferred to a stoppered bottle, where it i:
treated with 120 c.c. of ether and allowed to
remain twelve hours, when any oleate, hypogœate, i
linoleate, or ricinoleate of lead will have beei
dissolved by the ether, leaving laurate, niyristate, [
palmitate, araehidate, &c., insoluble. Lead en-
ceate is very sparingly soluble in cold ether, bm,
readily in hot. (Petroleum ether might probably|
be substituted without détriment to the accurac;
of the séparation, but if reetified spirit be em¬
ployed instead of ether, more or less arachidaie,t
myristate, and laurate of lead may pass into
solution, in addition to the lead salts soluble in!
ether.) The contents of the bottle are then
filtered through a covered filter into a wide
graduated tube or burette furnished with i
stopper at the top, a glass tap at the bottom.anij
a second glass tap about 50 c.c. from the bottomf-
40 c.c. of dilute hydrochlorie acid (1: 4) is then
added, and the burette shaken till the clearing 1
of the ethereal liquid shows that the. décomposi¬
tion of the lead soaps is complété. The aqueoi-
liquid, containing lead chloride and excess ol R
hydrochlorie acid, is run off through the bottom
tap, water added, and agitated with the ether, an!
the process of washing by agitation repeated till
the removal of the acid is complété. Water i:
then added to the zéro mark, and then sufficient
ether to bring the ethereal solution to a définit:
volume (e.g. 200 c.c.). An aliquot portion oh.

IRIS - LILLIAD - Université Lille 1



OILS, FIXED,), AND FATS. 63

this (e.g. 50 e.c..) is then removed through the
side-tap and the residual fatty aeid weighed
after evaporation of the ether, preferably con-
dueted in a eurrent of coal gas or carbon dioxide.
Another aliquot portion of the ethereal solution
should be distilled to a small bulk (avoiding
complété evaporation of the ether), alcohol
added, and the solution titrated with decinorrnal
caustic alkali and phenolphthaleïn, when the
fatty acids can be calculated from the resuit, or
tlieir mean combining weight deduced there-
from. A third aliquot part of the ethereal solu¬
tion should be evaporated at about 00°C. in a
fiask traversed by a rapid eurrent of dry carbon
dioxide. When every trace of ether is removed,
50 c.c. of Hiibl's iodine solution should be
added, the stopper inserted and the liquid kept
in absolute darkness for twelve hours, after
which excess of potassium iodide solution is
added, and 250 c.c. of water, when the excess of
iodine is ascertained by titration with decinorrnal
sodium thiosulphate in the usual way. From
the resuit, the iodine équivalent of the fatty
acids can be calculated and an opinion formed
respecting the proportions of oleic, linoleic, and
other unsaturated acids présent.

In a more recent paper (An. 15, 48) Muter
and De Ivoninck give the iodine absorptions of
the liquid acids prepared by the above process
from various sources. Thus the oleic aeid from
tallow has an iodine-absorption of 90 ; from
lard 93 ; and cottonseed oil 135. Asboth has
obtained practically identical figures, and ex¬
presses a favourable opinion of the process
(Chem. Zeit. 14, 418).

To estimate the stearic and homologous
acids, the lead soaps insoluble in ether should
be detached from the filter and heated with
diluted hydrochloric aeid, the liberated fatty
acids being allowed to solidify, and then directly
removed and weighed; or dissolved in ether-
alcohol, and the solution evaporated to dryness.
The product may contain araehidie, stearic,
palmitic, myristic, and iauric acids, besides the
iess commonly occurring members of the same
sériés. The séparation of these homologues is
extremely difficult, and a quantitative séparation
of several immédiate homologues occurring to-
gether in a mixture is especially so. The solu-
bility of the homologues in alcohol rapidly

idiminishes with an increase of the number of
carbon-atoms in the aeid, and advantage may be
taken of the very limited solubility of araehidie
aeid to effect its séparation from lower homo¬
logues ; 2 grams of the solid fatty acids to be
tested should be dissolved in 50 c.c. of hot
alcohol (sp.gr. -830). Oh cooling, abundant
crystals will be immediately formed if araehidie
aeid be présent. They should be filtered oiï,
washed twice with 10 c.c. of cold reetified spirit,
and then with spirit of -890 sp.gr., in which
they are completely insoluble. A correction of
•0025 gram for each 10 e.c. of reetified spirit
used for the crystallisation and washing, if the
manipulation be conducted at 15°C., or -0045

Igram for 10 c.c. if at 20°C., will enable anapproximate quantitative resuit to be obtained
under favourable conditions. If a drop of an
alcoholic solution of mixed stearic and araehidie
acids be allowed to evaporate spontaneously, the
araehidie aeid crystallises out first in short single

needles, which soon unité into beautiful ramified
masses of characteristic shape, and which cannot
be confounded with the more rounded ice-like
crystals of stearic aeid.

Fractional précipitation by alcoholic solu¬
tions of the acetates of lead, barium, and mag¬
nésium have been employed for the séparation
of the higher solid fatty acids, but no reagent
has been found which will allow of a complété
précipitation of certain of the homologues while
leaving others wholly in solution. The most
satisfactory method for the purpose in question
is that of Heintz (J. pr. 66, 1), based on frac¬
tional précipitation of the alcoholic solution of
the acids with magnésium acetate. This sait
précipitâtes acids of the stearic sériés more
easily than it does oleic aeid and its homologues,
and of the homologues of the stearic sériés those
of the highest moleeular weights are thrown
down first. In practice, 40 grams of the
mixed fatty acids should be dissolved in such a
proportion of hot alcohol that nothing will sepa-
rate on cooling, even at 0°, and the hot liquid
treated with a boiling alcoholic solution of l'5
grams of magnésium acetate. The liquid is
filtered when cold, and the filtrate heated and
treated again with alcoholic magnésium acetate,
the second precipitate being separated, and the
treatment repeated as long as anything is thrown
down. To induce précipitation of the lower
homologues the liquid must be rendered alka-
line with strong ammonia before adding the
précipitant, and not filtered for twenty-four
hours. The first fractions contain magnésium
stearate and any higher homologues, the suc-
ceeding portions will consist chiefly of magnésium
palmitate, and the last will probably contain
myristate ; but a portion of the myristic aeid,
the whole or nearly the whole of the lauric aeid,
and any oleic aeid which may be présent will
remain in solution, and may be precipitated by
lead acetate after neutralising the liquid with
acetic aeid. After washing the precipitate with
cold dilute alcohol," any lead oleate can be dis¬
solved out by treatment with ether. The puri-
fied lead precipitate and various magnesian
précipitâtes should be washed with cold alcohol,
pressed, and decomposed by hot dilute hydro¬
chloric aeid, and washed repeatedly with hot
water.

The several fractions of fatty acids thus
obtained, after being weighed if desired, may
then be titrated in alcoholic solution with stan¬
dard alkali and phenolphthaleïn as described on
page 49.

As a rule, if the mixed fatty acids be divided
into a sufficient number of fractions, by précipi¬
tation with magnésium acetate, each fraction
will contain only two homologues, in which case
the resuit of the titration not only indicates the
nature of the homologues présent, but in many
cases allows of their relative proportions being
calculated. Thus, if, in the course of a sys-
tematic fractional précipitation as magnésium
salts, a fraction of fatty acids be obtained
having a mean combining weight of 264-5, it
will almost certainly consist essentially of a
mixture of stearic and palmitic acids, the
former of which has the moleeular weight 284
and the latter 256, the différence being 28.
Hence, every 1 p.c. of stearic aeid in the

I
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mixture will raise tlie eombining weight -28,
or for every unit above 256 found for the
eombining weight of the fraction 3'57 of stearic
acid should be caleulated. Thus a fraction
having the mean eombining weight 264-5 mil
contain 69-7 of palmitic and 30-3 p.c. of stearic
acid, for

264-5
-256-0 -100-000

8-5x3-57 = 30-345

69-655

As with ail indirect metbods of the kind, the
results obtained are fairly satisfactory when
both constituents are présent in considérable
proportion, but are of little value for mixtures
in which one constituent very largely prédomi¬
nâtes.

The titration having been eompleted, the
alcohol may be boiled off and the fatty acids
again liberated and subjected to renewed frac-
tional précipitation or crystallisation from alco¬
hol. The products so obtained can be again
titrated, and thus the progress of the isolation
and purification of the différent fatty acids
checked in a very simple and satisfactory
manner.

Valuable information respecting the composi¬
tion of the various fractions obtained by the pre-
cipitation as magnésium salts is derived from
the détermination of themelting-pointsof the
fatty acids, but unfortunately, the melting-point
of a mixture of two or more homologous fatty
acids is not the mean of the melting-points of
the constituent acids. Still, the melting-points
of various mixtures of solid fatty acids have
been very carefully determined by Heintz, who
lias also notieed that the mixtures, on solidifying,
crystallise in more or less charaeteristie forms,
or remain amorphous, according to the pro¬
portions in which the constituents are pré¬
sent.

Heintz also notieed that the addition of a

third acid, even of higher melting-point, to a
mixture of two homologous acids caused a lower-
ing of the melting-point.

The détermination of the melting-point of a
mixture of two or more fatty acids taken alone
is evidently incapable of giving very definite in¬
formation ; but if the observation be associated
with other data very useful inferences can be
drawn. Thus the following mixtures of homo¬
logous fatty acids melt at nearly the same
température, but may be distinguished by deter-
mining their eombining weights, by titrating
them in alcoholic solution with standard caustic
alkali and phenolphthaleïn

Nature of mixed fatty acids
Melting-

point

Mean
eombining

weightLauric Myristic Palmitic Stearic

30 70 40-7 219-6
50 — 50 — 47-0 228-0
— 70 30 — 46-2 239-4
— 50 21 29 435 250-0

Resin is best separated from fatty acids by
dissolving 4 grams of a mixture of the two

AND FATS.

(previously separated from glycerides and hydro-
earbons) in aicohol, adding phenolplithaleiii
and then caustic soda till the pink tint is justl
permanent. The solution is then evaporatedti
dryness at 100° with addition of some cleat
sand, which is thoroughly ineorporated with t|
soap before solidification occurs. The résida
is finely powdered and thoroughly dried in tb
water oven, and is then transferred wliile stit
warm to a stoppered graduated tube, having i
side tap about one-third of the way up. 150 c.t.
of ether and 30 c.c. of alcohol, both rendereda;
dry as possible by being kept over an excessol:
l'ecently ignited potassium carbonate, are tliet
added, the tube closed, and the contents agitâtes
at intervais for some hours and then allowedfo
settle thoroughly. The solvent dissolves thtl
resin soap with facility, but leaves the sodium
palmitate and stéarate unchanged, while sodium
oleate is but slightly soluble (1 in 935). A
known measure of the litjuid is then removed b;
the tap, when the dissolved resin may be deter-,
mined by agitating the ethereal liquid withl
water and dilute sulphuric acid, separating the
ethereal layer and evaporating it to dryness. The
resuit is seriously vitiated in presenee of oleic and
other liquid fatty acids, and it is better in ail cases
to transfer a known measure of the ether-alcohol ;

solution of the resin soap to another similai
tube, and there agitate it thoroughly with about
1-| grams of silver nitrate in the form of im¬
palpable powder. The agitation is eontinuedj'
for ten minutes, or until the precipitated silver •
oleate coagulâtes and leaves the liquid clear.l
An aliquot part of the ethereal liquid is then
run off into a tapped separator in which it i-
shaken with a small additional quantity of silver [
nitrate, to ensure that the whole of the fatty I
acids have been precipitated. If any floeculent |
precipitate be produced, the liquid should be re-
turned to the cylinder, shaken with more silver
nitrate, and a known volume again removed bv
means of the tap. The measured ethereal liquid
in the separator is then vigorously shaken with
about 10 e.e. of hydrochloric acid and 20 of
water, whereby silver chloride is precipitated
and the liberated resin acids remain dissolved
in the ethereal layer. This is separated from
the aqueous liquid, evaporated to dryness, and
the residue weighed. Gladding, who devised the
proeess (Am. [3] 1206), directs that the weight I
obtained shall be corrected by subtracting 2-35
milligrammes for each 10 c.o. of ethereal liquid
removed by the tap ( = 0-0352 gram for 150 f
e.e.), this being an allowance for the slight
solubility of silver oleate in the ethereal
liquid.

This correction was based on experiments
made by the silver proeess only, not preceded
by a treatment of sodium salts by ether-alcohol
as devised by Barfoed and recommended above,
Wright and Thompson (S.C. I. [4] 630) find that
Gladding's correction is excessive when either
stearic or oleic acid is alone présent (with resin
acids) though approximately accurate for mix- j
tures of the two. They further find that the
correction is insuffieient in the case of fatty
acids of other kinds, and espeeially with the
acids from castor oil. The following resuit:
xvere obtained by them :—
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—

Milligrammes of fatty acids
in 10 c.c. of solvent

Max. Min. Average

Pure oleic acid 1*5 0-9 1-20
Pure stearic acid 1-6 0-8 1-16
Mixed stearic and oleic

acids .... 2'2 1-8 1-91
Acids from cottonseed oil 3-4 2-0 2-69
Acids from castor oil 6-2 4-9 5*39
Acids from cocoanut oil. 2-3 1-3 1-80
Acids from linseed oil

(Allen) . . .
— — 2*31

When carefully worked, and especially when
preceded by Barfoed's treatment of tbe sodium
soaps with etber-alcohol, Gladding's process
gives yery satisfactory results, the resin isolated
being often brittle and possessed of ail the
charaeters of colophony.

Another process, also based on the différent
behaviour of the silver salts of fatty and resin
acids with ether, has been devised by Hiibl and
Stadler, and is stated by Schnaible to give good
results. 0-5 to 1*0 gram of the mixed acids is
dissolved in 20 c.c. of alcohol, and the solution
rendered exactly nentral to phenolphthaleïn.
It is then diluted with water to 200 c.c., and
precipitated with silver nitrate, The precipi-
tate (which must be proteoted from bright light)
is filtered off, washed, dried at 100°, and extracted
with ether.' Theethereal solution, whioh should
be yellow or light brown, but not dark brown,
is shaken with hydrochloric acid, separated,
washed with water, and evaporated. The weight
of resin acids obtained should be multiplied by
the factor 0-9732 to obtain the weight of anhy-
drous resin. A. H. A.

OILSTONE. A fine-grained hone-stone used
with oil, for sharpening edged tools. The most
celebrated is the Turkey oilstone, an extremely
liard and compact material, obtained in the in-
terior of Asia Minor, and exported from Smyrna.
Two varieties are reeognised, the white and the
black, the latter being slightly the harder. In
this country the Charley Forest stone has ob¬
tained great repute as an oilstone for whetting
tools and penknives. It is a fine-grained, sili-
ceous, slaty rock, worked at Whittle Hill in
Charnwood Forest, Leicestershire. The "YVelsh
oilstone is a somewhat, similar material, from
near Llyn Idwal in North Wales ; while the
Devonshire oilstones are obtained from the.
neighbourhood of Tavistock. Several kinds of
oilstone are worked in the United States. The
Arkansas stone is a compact or fine-grained
rock of bluish-white colour, used for délicate
instruments, like those of surgeons and watch-
makers. Somewhat similar, but more abundant,
is the Washita oilstone, a white opaque stone
used chiefly by carpenters. The Labrador oil¬
stone, of New York, is a fine-grained slate-
coloured sandstone.

In preparing oilstones for use, the rough
pièces are eut into regular shapes on the lapi-
dary's wheel, fed with diamond powder, and are
rubbed smooth with sand or emery on an iron
plate. The slab of stone is in some cases
cemented to a wooden base, by means of putty.
Some of the stones are used not only for sharpen¬
ing tools, but for finishing turned and planed
surfaces of métal work. Oilstone powder is also

employed for grinding the brass fittings of
mathematical instruments (v. B. Knight, Trans.
Soc. Arts, 50, 233; C. Holtzapiïel, Turning, vol.
3, 1081 ; and G. M. Turner, Min, Bes. U. S. for
1885, 433 ; and for 1886, 589 ; v. also Whet-
stones). F. W. B.

OKENITE v. Calcium.
OLEFIANT GAS v. Ethylene.
OLEFINES. Hydrocarbons of the CnH^

sériés homologous with ethylene.
OLEIC ACIDS. This term is applied to the

acrylic or oleic sériés of acids, or more particu-
larly to the higher members of that sériés.
Such higher members, the only ones considered
here, are characterised by the solubility of their
lead salts in ether, in which respect they differ
from stearic, palmitie, and other acids with
which they occur, and by their conversion, under
the action of nitrous acid, into isomerides of
higher melting-point. They cannot be distilled
unchanged except in vacuo or with the aid of
steam.

Hypogaeic acid C|„H30O2 occurs with pal¬
mitie and arachidic acids in earthnut oil, and
may be obtained by methods similar to those
used in the case of oleic acid. It forms colour-
less needles, melting at 33° and readily soluble
in alcohol. Under the action of nitrous acid, it
forms an isomeride, gceidinic acid, which melts
at 39°. Physetoleic acid, another isomeride
melting at 30°, occurs in spermaceti oil.

Doeglic acid ClsH,(iO, and Erucic or Brassic
acid C22HJ202, occur respectively in the doegling
train-oil obtained from the bottle-nosed whale,
and in mustard and rape-seed oils (v. page 20).

Oleic acid ClsH3102, the only eommercially
important member of the sériés, occurs as the
glyceride, triolein C3H5(C|BH3302)3, in most liquid
and solid fats, such as non-drying oils, almond,
olive, and cod-liver oils, and in lard, tallow,
palm oil, butter, &c. It is obtained in large
quantifies as a by-produet in the séparation of
stearin in candle-making.

Préparation.—The pure acid may be pre-
pared by saponifying almond or olive oil with
alkali, dissolving the soap thus obtained in
water, and decomposing it by addition of dilute
hydrochloric or sulphuric acid. The separated
oleic acid is digested on the water-bath with
1 part of finely-powdered litharge for every
20 parts of oil used. AU the palmitie and
stearic acid, and much of the oleic acid, is thus
precipitated as a lead sait. Excess of litharge
is avoided, to prevent the production of a basic
oleate, which is difficult to treat.

The lead soap thus obtained is heated
with two volumes of ether which dissolves the
lead oleate only, and the decanted ether is
shaken up with dilute hydrochloric acid, which
is added until the aqueous liquor remains
strongly acid. The ethereal solution of the free
acid is then separated from the aqueous solu¬
tion of lead chloride and is washed with water
and freed from ether by evaporation at a low
température.

The oil may be saponified directly by boiling
with litharge, as recommended by Wolfi, wlio
also employs petroleum spirit instead of ether.

Colouring matter and oxidation products
may be removed by pressing between filter-
paper, fusing, cooling, and re-pressing.
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To préparé perfectly pure oleie acid, the aeid
is dissolved in ammonia and treated with barium
ehloride. The preeipitate is recrystallised from
alcohol and decomposed by tartaric or other
aeid.

For the commercial production of oleic acid
three principal processes are in use. (1) The
oil, or the original fat, is decomposed by lime or
other base, which may be used in excess at the
ordinary or slightly elevated pressures, or in
smaller quantities at higher pressures. The
lime sait is finally decomposed by treatment
with dilute sulphuric aeid. (2) The oil or fat is
treated with superheated steam at elevated pres¬
sures. (3) Boiîing water at the normal pressure
is used, the fat being first treated with sulîicient
sulphuric aeid to destroy the envelopes of the
fat cells without materially diseolouring the fat.
The treatment may be eft'ected as follows :
50 Hlos. of the muddy acid liquor from a pre-
vious opération is poured into a steam-heated
copper vessel together with 1,000 kilos, of
chopped fat, added in four charges, with 5 kilos,
of sulphuric acid (1-84 sp.gr.) and 150 litres of
water. After lieating for about 2J hours, to 105°
to 110°, the acid has so decomposed the skin of
the cells that the fat easily runs out. The fat is
run off and mixed with a solution of alum
eontaining 1J to 2 kilos, in 20 litres, and the
elear fat is removed after settling for several
hours.

In another process, the fat is first treated
with concentrated sulphuric acid to décomposé
the membranes, and is then washed and distUled
with superheated steam at about 300°.

Evrard of Douai dissolves the membranes by
treating the fat with a dilute alkaline lye, pre-
ferably a soda lye of l'25 sp.gr. The mixture is
heated by a steam jet and is covered by a per-
forated plate, which sinks as the separated fat
rises through it.

In De Milly's largely-used ' autoclave ' pro¬
cess, one ton of a mixture of tallow and palm
oil, or of other neutral fat, is heated with 2 p.c.
of lime and one-third its volume of water at a

pressure of eight atmosphères for four hours.
The lime soap thus obtained is decomposed as
usual with dilute sulphuric acid.

One ton of good tallow yields about half its
weight of oleic acid.

An impure oleic acid, known as ' olein ' or
' wool oil,' and employed for oiling wool and for
making lubricants and soaps, is prepared from
the ' Yorkshire grease ' obtained from the soap
used in cleaning, milling, and oiling fibres, yarns,
and cloth.

The grease is first treated with hydrochloric
or sulphuric acid, and the separated oil is dis-
tilled with superheated steam. The principal
part of the product is a thin, limpid, pale-yellow
oil which cools to a grease known as ' first dis-
tilled grease.' This is redistilled, or may be
compressed to obtain oleie and stearic acids. It
yields about 66 p.c. of the former (v. Hurst,
S. C. I. 1889, 91).

The fact that oleic acid splits up when fused
with potash into acetic and palmitic acids has
been proposed by Yarrentrapp and applied by
St. Cyr Eadisson for the préparation of the
latter aeid on the manufaeturing scale (Eng.
Pat. 1869, No. 1,782 ; Lant Carpenter, S. C. I.

1883, 98, and 1884, 200 ; and Spon's Eue;?
of Manufactures &c., p. 584).

A mixture of 1^ tons of oleic acid and 2| lot.:
of caustic potash lye of 43°B. is heated in a cas:
iron cylinder, 5 feet high and 12 feet in diamete» 1
by a fire placed some distance below the bottot
of the vessel. When steam ceases to escape,iF
man-hole in the cylinder is closed, so that ft
gases afterwards evolved may pass through;
condensing tower to a gas-holder.

The mass, which is mixed by a mechanial
agitator, gradually rises in température to abo;
330°, at which point the evolved gases acquîtes
characteristic odour which indicates the necessil; ;
to stop the action lest destructive distillation cou.
mence. The action is then suddenly arrestd
by the introduction of steam and water by ts
injector, while a door in the cylinder is opérai
so that the mass falls into a tank, in which it i;
mixed with water and heated by steam.

After subsidence, the neutral potassium pal.
mitate, which forms a layer above the potasl
lye, is removed, decomposed with sulphuric acii
and washed free from potassium sulphate. Th;
clear, chocolate-coloured acid gives, when dis-
tilled, a fine white product excellent for candie-:
making, and capable, when mixed with stearie
acid, of rendering the same less crystalline, se?
that the candies prepared from a suitable mil-
ture have ahighly-prized semi-transparency.

The hydrocarbons collected in the condensinj:
towers are good illuminants.

The palmitic acid obtained is said to amoral
to 90 p.c. of the weight of the original oleic acii
This large product is doubtless due to the pré¬
sence of palmitic and other acids in the oleic
acid employed.

The reaction cannot be performed in the or¬
dinary manner when soda lye is employed, on*
account of the higher température required,
and the difficulty of preventing local superheat-
ing. The addition, however, of paraffin rendes
the whole fluid and overcomes these difficnl-
ties.

It is stated that ail fatty bodies exeept mares
grease and suint fat may be worked up by this
process.

Among other processes which have beenpro-i
posed, though not yet employed on the manu-[
facturing scale, for converting oleic acid into
the more useful solid products, may be men-
tioned the préparation of elaïdic acid, described
under the properties of oleic acid ; the prépara¬
tion of stearic acid by heating oleic acid with a
small quantity of a halogen as proposed by
Wilde and Keychler ; and the treatment of
oleie acid with zinc chloride as proposed by
Schmidt.

The latter process, which has been examine!
by Benedikt (Monatsh. 1890 [2] 71), consists in
digesting 10 parts of oleic acid with 1 part ot
zinc chloride at 180° to 185° until the zinc
chloride has dissolved and a drop of the mixture
when boiled with hydrochloric acid solidifies on
cooling. Dilute hydrochloric acid is then added,
and the mixture is heated by steam until the
washings no longer contain zinc, after which
the product is distilled under somewhat reduced
pressure. The solid matter separated by pres¬
sure from the distillate eontains about 75 p.c. ot
stearo-lactone and about 15 p.c. of an acid iden-
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tical with the iso-oleic aeid described by Saytzeff,
as mentioned below.

Propcrties.—Pure oleic acid is a thin, colour-
less, tasteless oil of sp. gr. 0'897 at 19J and 0'876
at 100°. It distils in superheated steam at 250°,
but, if distilled alone, is split up into acetic, ea-
pfylic, caproio, and sebacie acids, with évolution
of carbon dioxide aud hydroearbons. Oleie acid
solidifies at about 4° to a white crystalline mass.
From an alcoholic solution it separates out in
dazzling needles, which melt at 14°.

Oleic aeid is insoluble in water, but dissolves
readily in alcohol, ether, carbon bisulphide, chlo-
roforni, and bydrocarbons, and in neutral fats
and essential oils. The aleoholic solution of the

pure acid is stated to be neutral, but the solution
of the commercial product is decidedly acid.
Pure oleic acid is almost unaltered in air, but
the commercial acid gradually absorbs oxygen
and aequires a lower melting-point.

Oleic acid dissolves in strong sulphuric acid
with production of a colourless sulphonic acid
known as sulpholeic acid. The sodium,
ammonium, or potassium sait of this acid is
employed in the dyeing of cotton goods by ali-
zarin, under the name of ' alizarin oil,' ' turkey-
red oil,' ' red oil ' or ' oleine,' but is not equal
to the sulphoricinoleate prepared from castor
oil for this purpose. It is also used as a ' pré¬
paré ' for steam colours in calico-printing.

Sulpholeic acid may be prepared by gradually
mixing almond or other fixed oil with 30 to 40
parts of coneentrated sulphuric acid, cooling
with ice if necessary, to prevent rise of tempéra¬
ture above 50°. The mixture is left for from 6
to 12 hours, after which the acid and glycerin
are removed, and the residue is agitatecl with
100 parts of water and decanted and neutralised
with alkali or carbonate. Pure sulpholeic acid
may be obtained by cautious addition of sulphuric
acid to the alkaline sait and agitation with ether.
On decanting and evaporating the ethereal solu¬
tion, the free acid, which is insoluble in water,
is obtained (v. Pharm. Rundschau, 1885,154, and
U. S. Dispensatory, 1889, 1025).

Free sulpholeic acid and sulpholeates, especi- i
ally the sodium sait when pure and coneentrated,
mix readily and completely with various organic
compounds, such as essential oils and hydrocar-
bons and their halogen derivatives, the mixtures
giving emulsions or even clear liquids with water.
Sulphur, iodoform, solid hydrocarbons, camphor,
&c., are also dissolved by this acid and its salts.

Oleic acid yields stearic acid when heated
with amorphous phosphorus and fuming hydri-
odic acid at 200° to 210° in a sealed tube.

When nitrogen trioxide is passed in small
quantity into well-eooled oleic acid the mass
gradually thickens, and in about an hour solidi¬
fies. The product, when washed and crystallised
from alcohol, gives large pearly plates melting
at 44°-45°, and having a strong acid reaction.

This body is elaïdic acid, an isomeride of
oleic acid, and has been proposed, on account of
its bigh melting-point, for use in candle-making.
Only a portion of the oleic acidis thus isomerised.
Saytzeff (,T. Russ. Chem. Soc. 1886, 328, and J.
pr. 37, 269) describes another solid isomeride,
which he calls iso-oleic acid. It solidifies at

44°-45°, and is obtained with ordinary oleic acid
by distillation under reduced pressure of hydro- \

stearic acid, which is prepared by the action of
sulphuric acid and water on oleic acid.

Commercial oleic acid, frequently known as
'red oil ' and 'oleine,' varies from a clear liquid
to a paste, and from a pale-yellow to a dark-
brown colour. It usually contains triolein, which
may be présent in considérable quantities when
saponification has been imperfect. A small pro¬
portion of hydrocarbons is always présent.
When the acid is adulterated with minerai or

shale oil this proportion becomes considérable.
Linoleic acid is frequently found in oleic acid,

either due to adultération with linseed or other
oil, or to the addition of linseed oil to stearin, to
facilitate the removal of olein by pressure (v.
Granval and Valser, J. Pharm. Chem. 1889, 232,
and Hazura, Zeits. f. angew. Chem. 1889, 283).

Oleates. Oleic acid forms a number of well-
defined salts, many of which are now employed
medicinally in the form of solutions in excess of
free oleic acid, in place of the less energetic oint-
ments prepared from fats. There is a strong
tendency to the formation of basic and acid salts.
Oleates are best prepared from the sodium sait
by double décomposition, but for médicinal use
are usually made by dissolving the freshly-pre-
cipitated oxide or other agent in the acid.

Only the alkaline salts are soluble in water.
Most of the remainder dissolve in alcohol, ether,
carbon bisulphide, and petroleum spirit. Cal¬
cium, magnésium, and iron oleates are also
soluble in glycerin.

Sodium oleate C18H33OJSfa forms a principal
constituent of hard soap. It may be prepared
by neutralising an alcoholic solution of the acid
with soda and evaporating off the alcohol. This
sait, which crystallises out from absolute alcohol
but not from water, dissolves in ten or twelve
parts of water. It gelatinises in air without déli¬
quescence.

Potassium oleate CiSH3302K is a principal
constituent of soft soap. It usually occurs as a
transparent jelly, but may be dried to a friable,
déliquescent powder. It dissolves in alcohol or
in a little water, but in presence of excess of

' water gives free alkali and a gelatinous aeid
oleate insoluble in water, but soluble in alcohol.
It may be prepared similarly to the sodium sait.

Ammonium oleate C|SH3302NH„ a gelatinous
substance soluble in water ; may be prepared by
treating oleic acid with cold aqueous ammonia.

Calcium oleate (ClsH330.,)2Ca is the lime soap
obtained, as previously described, in the saponi¬
fication of olein. It is a white bulky precipitate
insoluble in water but soluble in glycerin.

Barium oleate (C„H3302)JBa separates as a
bulky white crystalline powder from an alcoholic
solution.

Magnésium oleate (C18H3302)2Mg is a soft,
granular powder.

Aluminium oleate has been described under
aluminium salts (v. Aluminium).

Ferrie oleate is a dark-red substance similar
to the aluminium sait.

Copper oleate (C]8H.„02)Cu is a fine green
sait soluble to an oily solution in a little alcohol,
and fusible below 100°.

Mercuric oleate (the oleatum hydrargyri of
the Pharmacopœia) (CjSH3;lO,)2Hg is a white
greasy solid, sparingly soluble in cold alcohol,

I readily dissolved by strong alcohol and ether.
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For médicinal purposes it isprepared as a solution
in excess of oleic acid by gradually adding 1 part
of the yellow oxide to 9 parts of oleic acid with
constant stirring and trituration until the whole
is dissolved. It then forms a light-brown semi-
solid grease. It may be prepared with half the
above quantity of oleic acid, the remainder being
added shortly before use.

Zinc oleate (oleatum zinci) (CJSH320,)zZn is a
white greasy powder, soluble in carbon bisulphide
and petroleum spirit, and fusible below 100°.
The médicinal préparation is made by stirring
together 1 part of zinc oxide and 9 parts of oleic
acid, and, after t.wo hours, heating on the water-
bath until the oxide has dissolved. Ointment of
zinc oleate is prepared by mixing equal parts of
this préparation and soft paraffin.

Lead oleate (ClsH3202)2I>b, the principal con¬
stituent of ' lead plaster,' may be obtained by the
addition of an aqueous solution of sodium oleate
to a solution of lead acetate containing sufficient
acetic acid to render the solution clear. It is a

white powder melting at 80° to a yellow oil,
which solidifies to a brittle mass. It dissolves
in alcohol, ether, turpentine, and petroleum
spirit. A basic oleate nearly insoluble in ether
is obtained by boiling oleic acid or an oleate with
excess of litharge.

Oleates of veratrine, morphine, aconitine,
quinine, Arc., are prepared for médicinal use by
dissolving the alkaloid in oleic acid. The first
three contain 2 parts of the alkaloid to 98 parts
of the acid, and are thus really solutions of the
sait in oleic acid. Quinine oleate is prepared by
triturating, with the acid of gentle heat, 25 parts
of quinine in 75 parts of the acid.

Oleates of glyeerin (v. Olein).
OLEIN. This term is applied eommercially

to any liquid oil obtained from partly solid
oils by pressure. True olein is the glyceride of
oleic acid, and occurs in most liquid and solid
fats such as non-drying oils, almond, olive, and
cod-liver oil, lard, tallow, palm oil, butter, &c.
It is largely prepared in the manufacture of
margarine and in other industries («.Margarine).
The product of the cold pressing of cocoanut
and palm oil is known as ' cocoanut olein ' and
' palm olein ' respectively, the former resembling
tallow, and being used in the manufacture of
night-lights and soap.

The term ' olein ' is also applied to crude oleic
acid and to the sodium, potassium, or ammonium
sait of the sulphonate of oleic acid used in dye-
ing cotton goods with alizarin (v. Oleic acid).
The sulphonate of ricinoleic acid similarly pre¬
pared from castor oil is also known as ' olein.'

Three true oleins exist :

Monolein C,H5(C,„H330.,)(H0)2,
Diolein C3H5(C18H33Ô2)2HO,
Triolein C3H5(C19H3302)3.

The latter, which is the only one occurring
naturally, constitutes the olein of oils and
fats.

Triolein may be prepared by heating a mix¬
ture of equal parts of glyeerin and oleic acid at
200°, decanting the fatty matter after the re¬
action finishes, mixing with 15 to 20 parts by
weight of oleic acid, and re-heating to 240° in a
sealed tube for three or four hours. The mass
is treated with lime and ether, thus dissolving
ont the triolein while the unehanged oleic acid

becomes changed into the lime sait. The solu-
tion is decolourised with animal charcoal and
mixed with eight volumes of ordinary alcohol,
and the precipitated triolein is dried in
vacuo.

Triolein may also be prepared by eooling
almond or olive oil to 0°, removing the liquid
parts by pressure, dissolving in three volumes
of hot alcohol, and crystallising out at 0°. The
alcohol is removed from the crystals by agita¬
tion with water.

For methods of obtaining olein commercially I
v. Margarine.

Monolein is prepared by heating oleic acid
with excess of glyeerin in a sealed tube for 24
hours at 200°, while diolein is similarly ob¬
tained by heating triolein with a proper propor- I
tion of glyeerin. Monolein is an oily liquid j
slowly solidifying at about 15°. It is only
slowly saponified by lead oxide. Diolein soli¬
difies at about the same température.

Triolein is a eolourless, odourless, tasteless
oil capable of being distilled in vacuo, and re-
maining liquid even below 0°. It is insoluble
in water and only slightly soluble in alcohol,
but dissolves abundantly in ether. On exposure
to air it becomes acid and rancid, and darkens
in colour.

0LE0MARGARINE, MANUFACTURE OF.
This description is taken from the Beport of the
Commissioner of Internai Devenue of America,
The ingrédients used are : Oleo oil, neutral
lard, some liquid vegetable oil, as cotton-seed,
sesamé or peanut, butter in the higher grades,
cream and milk, together with sait and annatto,
or other colouring matter.

The manufacturer of oleomargarine usually
buys the refined materials in the open market,
The manufacture of oleo oil is generally carried
on in connection with the large slaughter- and
packing-houses situated in or near the principal
cities. The caul and suet fats are removed from
the freshly slaughtered beeves and placed in
tanks filled with water at 75° to 85°F., where
they remain from two to three hours before
being transferred to other tanks containing iced
water. By this procédure the fats are gradually
deprived of their animal heat, and the danger
of their becoming rancid is avoided, as would
happen if the mass of fat were suddenly chilled
by being placed directly in iced water. The
caul, long or slaughter fat, is kept separate from
the suet fat, which yields an inferior grade of
oil. A Texan steer will yield on an average651b.
of caul and suet fats, from which are obtained
28 lb. (43 per cent.) of oleo oil, 21 lb. (32 per
cent.) of oleo-stearin, and 12 lb. (20 per cent.) of
high-grade tallow. The chilled fat, after thorougk
washing from blood, is fed into hashers working
at high speed, from which it issues through fine
sieves into the rendering tank. No fat remains
on hand longer than 14 hours, usually not more
than four hours, before being rendered. The
rendering tank is a steam-jacketed upright
kettle of 2,000 to 5,0001bs. capacity,provided with
revolving blades. Steam being let into the
jacket, the hashed fat is continuously fed in and
kept in motion by the stirrer. When the tank
is full and the contents thoroughly melted, the
température being 120° to 150°F-, the fat is
allowed to rest for the water and scrap to settle.
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The clear fat is drawn oiï from the top and run
into the graining or seeding cars of 400 to 000 lbs.
capacity. The température of the room in which
these cars ave stored is maintained at 85° to 95°
F., and the whole contents of the car will be in
a semi-solid condition in from one to three days.
This fat is free from ail ' greasy ' taste. It is
now taken to the press-room, kept at 70° to 80°
F., whére it is ladled out on a stout linen eloth,
which is folded up ready for placing in the
screw-press. When the press is filled, pressure
is gradually applied, and the expressed oil con-
stitutes the ' oleo oil.' This liquid fat is allowed
to cool in barrels, and at ordinary température
forms a soft, granular, tasteless, and nearly
colourless fat. The hard fat remaining in the
filter bags forms the beef or oleo-stearin, which
is used for making ' refined lard ' by the addition
of cotton-seed oil, or is sold to the soap and
candie maker.

The manufacture of ' neutral lard ' is con-

ducted by essentially the same nrachinery and at
about the same températures as for oleo oil, but
only the leaf fat of freshly slaughtered hogs
is used. A hog yields from 5 to 15 lbs. of leaf
lard, of which 100 lbs. yields 90 lbs. of ' neutral.'
The screw-press is not employed to separate the
steavin, but the melted fat is run directly from
the rendering tank into a very strong iced brine,
where it remains for 24 hours before being placed
on shelves to drain. The ' neutral ' is a white,
slightly granular, tasteless, solid fat.

The by-products of the oleo oil and neutral
lard manufacture—namely, stearin, tallow, and
lard—are standard merchantable articles. Only
fresh and sweet fats are used, and great cleanli-
ness is observed through ail the processes. The
vegetable oils employed are refined by ordinary
methods, whereby a product of a light straw-
colour and bland taste is obtained. The butter
used is always selected for its high flavour. The
granularcharacter of oleo oil requires the addition
of a softer fat, such as neutral lard or cotton
seed or other vegetable oil, in order to approach
more closely to the consistency of butter. The
proportions in which these ingrédients are used
vary with the season of the year, the grade de-
sired, and the formula of the manufacturer.
The charge of mille or cream, however, is the
same for ail grades manufactured in some
factories, and varies from 10 to 20 per
cent. The milk or cream is allowed to become
slightly sour. The mixing of the materials to
form the butter substitute is conducted in a

steam-jacketed churnfor from 1,200 to 2,500 lbs.
capacity. The oleo oil and neutral lard are
melted in separate vessels at 90°F. The charge of
milk or cream is first run into the churn, and the
paddles are kept in motion until the butter begins
to form. Then the oleo oilis added and stirred,
next the neutral lard, and finally the annatto to
give the desired colour. The butter is either
added to the churn or worked in subsequently.
The température iscarefully regulated, beginning
at about 85°F. and increasing gradually to 105°
F. at the end of the opération, when the whole
charge has the appearance of a yellowish-creamy
fluid. From 20 to 90 minutes are occupied in
the churning. The finished charge is l'un into
tanks containing chopped ice and constantly
stirred, or is met by a stream of iced water as it

issues from the churn, the object being to give
the mass a fine grain by the sudden cooling.
The cbilled mass is then placed on wooden trays
to drain. Here the sait is added and allowed to
work itself in, which generally takes from 12
to 24 hours. The salted mass is then thoroughly
worked by mechanical rollers to remove the
buttermilk and water.

Oleomargarine is placed on themarkot either
' solid packed ' or in prints or rolls. Four grades
are generally made, known as ' dairy ' and
' extra dairy oleomargarine,' ' creamery ' and
' extra creamery butterine,' the last two contain¬
ing from 10 to 25 per cent, of the best creamery
butter. In the lower grades from 25 to 60 per
cent, of neutral lard, 20 to 50 per cent, of oleo
oil, 5 to 25 per cent, of vegetable oils, and in
some cases from 2 to 10 per cent, of butter, with
10 to 20 per cent, of milk or cream, are the
proportions used. Some factories employ no
vegetableoils intheir oleomargarine, preferringto
use a larger proportion of neutral lard with a small
amount of butter to obtain the desiredbutter con¬

sistency. In the higher grades the proportions
of oleo oil are reduced, the vegetable oils are
discarded, and creamery butter is used to make
up the charge (Eng. and Min. Jour. 47,210-212;
S. C. I. 8, 408) (v. Margarine).

OLEO-RESINS, TJnder the generic tenu oleo-
resins are here described the chief représenta¬
tives of that large group of natural products the
esSential constituents of which are resin and
volatile oil. These substances are mostly the
oleo-resmous juices of plants more or less de-
prived of their volatile oil by evaporation, but
still retaining enough to rank as one of their
two leading components. For a more detailed
list of oleo-resins such works as Watts's trans¬
lation of Gmelin's Handbook, the numerous

reports on botanical économies, and the cata¬
logues of the various muséums, should be con-
sulted. Compare also introduction to article
Resins.

Copaiba. Olco-resin copaiba ; Balsam of
copaiba or copaiva or capivi ; Baume ou oléo-
résine de copahu, Fr. ; Copaiva . balsam, Ger.
Copaiba is the oleo-resinous sécrétion of the
trees of the genus Copaifera, espeeially the
species C. Langsdorfii (Desf.), which inhabit the
warmer districts of South America. Descriptions
of the leading species yielding the so-called
balsam are given by Fliickiger and Hanbury
(Fl. a. H. 227) and Bentl. a. T. 93. The drug
became known in Europe in the seventeenth
century, and was included in the Amsterdam
Pharmacopœia of 1636 and the London Pharma-
copœia of 1677. The yield of oleo-resin from a
single tree is very great, the duets containing it
distending sometimes to such an extent as to
burst the unyielding trunk with a report which
is heard at long distances. In commerce the
Para variety is distinguished from that eoming
from Maranham and from the rarer Maracaibo
copaiba.

In trade the oleo-resin occurs as a trans¬

parent, rarely opalescent, viscid liquid of a pale-
yellow or light golden-brown colour, and a
characteristic aromatic, not disagreeable, odour
and persistent acrid bitterish taste. The spécifie
gravity, which varies with variation in the pro¬
portion of oil présent, is generally 0'94 to 0'993.
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Alcohol, benzene, bisulphide of cavbon, and
acetone dissolve most speoimens o£ copaiba.
Glacial acetic acid dissolves the resin only.
"When mixed with small quantities of magnesia,
lime, or baryta, most speoimens form a stiff
mixture which gradually bardens. This dépends
upon the presenee of an acid resin wliich forms
solid combinations with alkaline earth metals.
Fliickiger (Jahresb. Pharm. 1867, 162, 1868,
140) finds the action of copaiba on polarised
light to vary, some specimens being dextro- and
others lœvorotatory.

According to XJmney (Ph. [3] 8, 252), the
volatile oïl in copaiba varies from 20 to 60 p.c.,
the percentage of resins, which are the sole
other constituents, showing corresponding différ¬
ences. Numerous analyses of copaiba are re-
corded. Among the older observers are F. Hof-
mann, 1748 (Obs. Phys. Chym. lib. 1, obs. 6) ;
Schoenberg (Pfaff, Mat. Med. iv. 12) ; Stoltze
(B. J. [27] 2, 179) and Gerber (J. Ph. 16, 79,
a. 367).

Volatile oil of copaiba or copaivene C20H,,._, is
an isomeride of oil of turpentine. It boils at
252-256°, is soluble in 8 to 30 parts of alcohol
(sp.gr. 0'830), or in 3 parts of absolute alcohol,
and has a spécifie gravity of 0-88 to 0'91. The
oil has the odour and taste of copaiba. When
hydrochloric acid gas is passed through the
dried oil, crystals of copaivene hydrochloride
C.,uH3o4HC1 are formed (Levy a. Engliinder, A.
242, 191). Cf. Bonastre (J. Ph. 11, 529);
Ader (J. Ph. 15, 95) ; Gerber (Br. Arch. 30,157) ;
Blanchet (A. 7, 156) ; Soubeiran and Capitaine
(J. Ph. 26, 70) ; Aubergier (J. Ph. 17, 278) ; Ger-
hardt (C. B. 17, 314) ; Chautard (C. B. 34, 485) ;
and Posselt (A. 69, 67). The terpene of Mara-
caibo copaiba boils at 250-260°, and gives no
crystalline hydrochloride (Brix, M. 2, 507). A
dark-blue hydrate (C20HsJ3H2O is obtained to-
wards the end of the opération when the moist
terpene is distilled over sodium (Brix).

Of the copaiba resins many are found only
in certain varieties of the oleo-resin. The most

important is the crystalline acid resin copaivic
acid CmH.!0O2. This constitutes by far the
greater portion of the crude resin, and may be
obtained according to Schweitzer (P. 17, 784 ;
21, 172) by dissolving the resins in aqueous
ammonia and setting aside at a température
of —10°, when it cornes out in the form of
crystals. Copaivic acid was further studied
by Kose (P. 33, 83 ; A. 13, 177 ; 40, 310) and
Hess (A. 29, 140) when the formula was estab-
lished. The acid is an isomeride of abietic
acid. Crystalline deposits sometimes occur in
copaiba. One of these, m an old specimen of
tlie Trinidad variety, which was supposed to
be copaivic acid was examined by Fliickiger
and Hanbury (Fl. a. H. 231). It melted at 116°-
117°. Another deposit investigated by Fehling
(A. 40, 110) proved to be an allied compound
oxycopaivic acid C20H28O3. Similarly Strauss
(A. 148,148) extracted metacopaivic acid C^H^O^
from Maracaibo copaiba. This variety of co¬
paiba has been re-investigated by Brix. Other
resins have been described by Martin and Vigne
(J. Ph. 1842, 52), Posselt (A. 69, 67), and Bush
(Am. J. Pharm. (4), 9, 305), but they need fur¬
ther investigation. Cf. Oberdôfer (Ar. Ph. [2]
44, 172) ; TJlek (Ar. Ph. 122, 14) ; Stoekhardt

(Ar. Ph. 38, 12) ; Procter (Ph. 10, 603) ; Bouss»
(J. Ph. [4] 1, 321) ; Levy (B. 18, 3206).

In medicine copaiba is employed for j
stimulating action on mueous membranes, esp,
cially those of the genito-urinai-y System.

Adultération of copaiba has been large!
practised. Turpentine, castor oil, and Gurjn)
' balsam ' are typical of the adultérants en
ployed. Numerous methods of testing havebee;
proposed. These are reviewed by Siebold (PI ;

[3] 8,251). It is shown that the spécifie gravit
or percentage of resin and oil is so variable as t
be of no value in deteoting adultération. Mae;
properties while appertaining to most specimerf
of the oleo-resin do not hold true of them #11
Thus fluorescence, a character of gurjun 'bal!
sam,' is not absent from ail specimens of ta
copaiba; ail specimens do not dissolve ont
fourth of their weight of magnésium carbonatt
or form a clear solution with aqueous animons |
or alcohol. Benzene is a universai solvent for

copaiba, but it behaves in the same manner
toward ail the ordinary adultérants. Muter (Ai
1,160) devised a method for the ' détection of
castor oil and other fats,' depending upon tbi
séparation of their sodium salts, but Sieboli
considers the following simpler method mucl
more delicate. A gram or so is heated in a
watch-glass until ail oil is driven off, which is
the case as soon as the residue assumes a rich-
brown colour. If the remaining resin is brittle
and pulverisable no fatty oil is présent. As .

little as 1 p.c. of oil can thus be detected. Gur¬
jun or wood oil may be discovered by Fliickiger's Ë
process (Fl. a. H. 233 note). One drop of copaiba
is agitated in a test tube with 19 drops of carboai'
bisulphide, and to this is added a drop of a
mixture of equal volumes of strong sulphurit
and nitric (1-42) acids. After a little agitation
copaiba becomes reddish-brown with a deposil
of resin on the sides of the tube ; gurjun oil givra
an intensepurplish-red colour changing to violet,
while the oleo-resin of Hardwickia, sometimes
an adultérant of copaiba, gives no perceptible
altération of colour. By this procédure 1 partoi
gurjun oil in 8 parts of copaiba may be detectei
Another method is that of Hager (Ph. Centh.16,
257). 1 volume of copaiba mixed with 4 volumes
of petroleum ether gives either a clear solution
or only a slight turbidity, which when it settles
forms not more than a thin film covering the
bottom of the vessel. Gurjun oil is insoluble in
petroleum ether and settles in half an kour,
Benzene cannot be substituted, as has been pro¬
posed, forpetroleum ether. The German Pharma-
copœia tests copaiba by shaking 1 part with :
5 parts of water at 50°, when a turbid mixture j?
should resuit, and this warmed on a water-bath
should separate again into two clear layers. ;
This is not the case when 10 p.c. of gurjun 'bal¬
sam ' is présent. The presenee of oil of turpen- ï
tine is recognised by Siebold during the évapora- t
tion for the détection of fixed oils, and may be
further identified by distillation and fractiona-
tion of the volatile oil. Turpentine boils at 70°,
oil of copaiba at 240°-250°. See further : Bon-
man (Am. J. Pharm. [4] 7, 385) ; Fulton (Am. J.
Pharm. [4] 7, 550) ; Bush (Ph. [3] 10, 5) ; Hager
(Ph. Centh. 1870, 296 ; 24, 141) ; Prael (Ar. Ph.
[3] 23, 735 a. 769) ; Wayne (Am. J. Pharm. [4]
3, 326).
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Elemi. Oleo-resina elemi ; Résine elêmi,
Fr. ; Elemiharz, Ger. The Greek and Roman
writers describe a ' gum of Ethiopian olive '
which has been generally identified with elemi.
According to Fliickiger and Hanbury (Fl. a. H.
147),however, this ancient elemi is the oleo-resin
known as Luban meyeti. Pliny terms the drug
enhœmon or cnhœmi, from which the name
animi and perhaps also elemi is derived. The
term 1 animi ' is also used for a kind of eopal.

During the 16th century the older African
elemi was replaced by a drug of similar appear-
ance, which came from Mexico and South
America, and this in its turn has given way to
a product of the Philippine Islands, which is
now the elemi of the British and German Phar-
macopœias.
Elemi or Animi of the older Writers ; Oriental

or African Elemi; Luban Meyeti; Luban
Mali.
This drug is derived from Boswellia Frere-

ana (Birdwood), a tree belonging to the same
genus which yields the gum-resin olibanum,
and which inhabits the hills immediately
west of Cape Gardafui. Notwithstanding the
close botanical relation to olibanum, and the
generic name Luban being Arabie for that drug,
there is no doubt, owing to the entire absence of
gum and other characters, that Luban Meyeti is
a distinct product. According to Hanbury and
Fliickiger (Ph. [3] 8, 805 ; Fl. and H. 147), this
was the elemi of commerce until its place was
taken, in the lOth century, by a somewhat simi¬
lar product of Mexico and South America. It is
mentioned by Wellsted (Travels in Arabia) in
1838.

Luban elemi is described by Fliickiger and
Hanbury as detached droppy tears and frag¬
ments, occasionally in stalactitic masses several
ounces in weight. Externally it has a thin
opaque white crust, but internally it is trans¬
parent and of an amber colour. It has an agree-
able odour of lemon and turpentine, and a mild
terebinthinous taste. The volatile oil, which
has a fragrant elemi odour, from the specimen
examined, amounted to 3-1 p.c. It has a spécifie
gravity of 0-850 at 17°, and rotâtes the polarised
ray slightly to the left. It consists partly of a
dextrogyre liydrocarbon C10HI6, and partly of a
lœvogyre oxygenated oil. The resin is mostly
soluble in alcoliol, and has the composition
w,
Elemi of tlie Vlth-W>th Centuries.—American or

Brazilian Elemi.
The oleo-resin which replaced the older

African elemi for the most part during the 17th
and 18th centuries was the product of several
Brazilian trees, species of the genus Icica. A
specimen examined by Fliickiger and Hanbury
(Fl. and H. 152) was a translucent greenish-
yellow fragrant terebinthinous resin, which by
means of cold spirits of wine could be separated
into two portions—the one soluble, and the
other, consisting of a mass of acieular crystals,
insoluble. Scribe (A. Ch. [3] 13, 166) investi-
gated one of the icica oleo-resins which had lost
ail its volatile oil, and consisted of three neutral
compounds, which he separated by the différence
of their solubility in alcohol. From the alcoholic

solution brean first cornes out in white pearly
stellate needles melting at 157°. Brean has the
composition C 83-92 p.c., H 11-82 p.c., and
O 4-26 p.c. In sulphuric aeid it dissolves with a
red colour. Further concentration of the
alcoholic solution yields crystals of icican, which
contain 82-01 p.c., H 11-64, and O 6-35 p.c.
From the mother-liquor a small quantity of an
amorphous resin, colophon, was obtained.

More recently the oleo-resin of Icica hepta-
phylla (Aub.) has been examined by Stenhouse
and Groves (C. J. 1876, 175). This is known as
Gum Hyaica, or Conima resin, or resin of the
incense-tree. It possesses a fragrant balsamic
odour, which dépends on the presence of a
small proportion of volatile oil. This oil, when
obtained by distillation with steam, boils at
about 270°. By treat.ment with sodium and
fractional distillation, it gives a hydrocarbon
conimene, C,5H24, which boils at 264°. The
residue after removal of the volatile oil dissolved
in hot alcohol deposits on cooling a crystalline
compound, icacin, C46H7eO, and the mother-
liquor contains a yellow amorphous resin. Icacin
melts at 175° (cf. Hesse, A. 192, 181). A com-
parison of the analytical numbers, melting-
points, and other characters, points to the pro-
bability that while the icican of Scribe is only
an impure form of that observer's brean, this,
in its turn, is the icacin of Stenhouse and
Groves in an imperfect condition of purity.
The amorphous resin of the latter observers is
also probably the colophan of Scribe. At ail
events, the evidence of the existence of brean
and icican needs revision.

Elemi of the présent Pharmacopceias ; Manilla
Elemi ; Arbol a Brea Resin.

The tree which yields the elemi of the pré¬
sent day is a native of the Philippine Islands,
and is called by the Spaniards Arbol a br■ a. Its
botanical relations are still uncertain, but it
probably belongs to the natural order Burser-
acece. Manilla elemi is a soft oleo-resin
which, in appearance, resembles old honey. It
oecurs in commerce generally admixed with
earthy or carbonaeeous matter, which gives it a
dark colour. When fresh and pure, it is colour-
less ; the odour is fragrant, suggestive of fennel
and lemon, with a terebinthinous admixture.
Cold spirits of wine applied to the drug dis¬
closes numerous acieular crystals visible under a
microscope (Fl. and H.).

Elemi is a mixture of volatile oil and resin.
Bonastre (J. Ph. 10, 199) obtained 12-5 p.c. of
volatile oil ; Stenhouse (A. 35, 304) 3-5 p.c. ; H.
Sainte Claire Deville (C. R. 12, 184) in good
speeimens 13 p.c. ; and Fliickiger and Hanbury
(loc. cit.) 10 p.c. The oil is fragrant, colourless,
and neutral, and has the constitution C10H16.
Its spécifie gravity is 0-852 at 24° (St.), 0-849 at
11° (D.), 0-861 at 15° (Fl. and H.). The boiling-
point is 166° (St.) or 174° (D.), and Deville finds
the vapour density to be 4 (cf. Wallach (A. 252,
94). The same observer notes that the oil is
lœvogyre, and that it gives a crystalline hydro-
chloride Ci0H162HCl. The crude oil examined
by Fliickiger and Hanbury was dextrogyre, but
they obtained fractions that were lœvogyre.
These pharmacologists were unable to obtain a
crystalline hydrochloride, but, mixed in certain
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proportions with alcohol, nitrio acid, and water,
and set aside, elemi was found to deposit crys-
tals probably identical witli terpine hydrate.

The resin of elemi was first examined by
Maujean (J. Ph. 9, 45), who showed that it con-
tained two resins, one soluble in cold and the other
in hot alcohol. Cf. Eose (A. 13, 192 ; 32, 297 ;
40, 307) and Hess (A. 29, 136). Bonastre founcl
the former to exist to the extent of 61 p.c., and
the latter, which crystallised easily, 25 p.c.
Baup (A. Ch. [3] 31, 108) called the latter amy¬
rin. It is insoluble in water, readily soluble in
ether and hot alcohol, and crystallises in satiny
fibres, which melt at 174° (Baup) or 177° (Pl. a.
H.). Cf. Buri (N. B. P. 25, 193) and Hesse (A.
192, 180). Amyrin, C3„HM0, has been converted
by Vesterberg into two crystalline isomerio
acetates, Ca0HJ9(C.2H.lO2), and benzoates,

C30HJ0(C7H5O2),
from which two eorresponding amyrins have been
prepared. (a)-Amyrin melts at 180-181°, (a)-
atrnyrin acetate at 220° and benzoate at 192°;
while [&)-amyrin melts at 193-194°, (&)-amyrin
acctate. at 235°, and benzoate at 230° (B.20,1243).
Ciamician (B. 11,1347), bydistilling amyrin with
zinc-dust, obtained toluene, methyletkylbenzene,
and etliylnaphthalene. The alcoholic mother-
liquor contains the amorphous resin, or resin
soluble in cold alcohol, which is the largest con¬
stituent of elemi. It was analysed by Johnston
(A. 44,338). Besides amyrin, Baup describesthree
other compounds occurring in elemi—breïdin,
breïn, and bryoïdin. Breïn is certainly, in view
of Fliiekigerand Hanbury's investigation, impure
amyrin, and the existence of breïdin requires
further proof. Bryoïdin C20H3BOs, however, may
be obtained in silky crystals by extracting the
elemi, after removal of the oil, with hot water.
On concentration and cooling, it précipitâtes.
It melts at 135° (B.), 133-6° (Pl. and H.), and may
be sublimed. It is neutral, has a bitter taste,
and while insoluble in cold water dissolves
readily in hot and in alcohol and ether (Ph. [3]
5, 142).

A new crystalline substance, elemic acid
C35H5604, was discovered in small proportion in
elemi by Buri in 1878 (Ph. [3] 8, 601). It melts
at 215° and forms crystalline salts.

Elemi is seldom used in medicine in this
country. It is, however, sometimes employed
in the form of ointment as a dressing for indo¬
lent ulcers.

Oleo-resins allied to Elemi.

Anime. Much confusion exists as to the use

of the word anime, and the same may be re-
marked of tacamahac. By some writers anime
is used as synonymous with elemi, and by others
it is restricted chiefly to a variety of eopal.
There are, however, a number of other oleo-
resinous products which are usually known
as anime. The chief members of this class
are:—1. Gomart oleoresin, the exudation of
Bursera gummifera (Linn.), an inhabitant
of the West Indies. This has an odour
between that of elemi and turpentine. Its
volatile oil was examined by Deville (A. Ch.
27, 90). It resembles turpentine, has the
formula C1(1H)S, and forms a crystalline hy-
drochloride C10H1S2HC1. 2. Brazilian anime,
the product of Hymencea Courbaril (Linn.),

a tree belonging to the natural order Legwt
nosœ. The oleo-resin resembles mastic,
softens in the mouth, and when warrned eu!
a peculiar odour. The volatile oil is colourfe
with a strong, not unpleasant odour and but
ing taste. It is completely soluble in alcol
(Paoli, Brugn. Giorn. 16, 326). After remo;
of the oil, cold alcohol extracts an amorph\
resin, and the residue, dissolved in boiling aie
hol, deposits on cooling a semi-crystalline c»
pound, which was analysed by Laurent (A. 0
66, 314). See also Batka (Ph. [3] 6, 742); Gt
bourt (Bév. scient. 16,177) ; Filhol (J. Ph. [3;;
301 a. 507) ; Hancock (Ed. N. J. Se. 1, 24$
Manzini (J. Ph. 27, 752) ; Deville (A. 71, 354).'

Caranna. A soft oleo-resin allied to Bra:
lian elemi, probably derived from Icica Ci
ranna (Kunth) and allied species. It has
fragrant balsamio odour and somewhat bitt
taste. It contains 96 p.c. of resin, soluble:
alcohol (Pelletier, B. Ph. 4, 241).

Ceradia. The product of CeradiaWurcé
It is an amber-coloured oleo-resin with IL
odour of elemi (B. Thomson, P. M. 28, 422).

Mauritius elemi. An oleo-resin very close;
resembling Manilla elemi. It is the yieldoftk
Colophonia Mauritiana (De Cand. ; FI. a. H
152).

Mexican elemi. Vera Cruz elemi. Mexico
elemi is not now an article of commerce. It i

nearly related to Brazilian elemi. It is 11;
product of Amyris elemifera (Boyle ; Fl. a. E
152).

Tacamahac. The followiug are the mot
important oleo-resins which have been descriW
as tacamahac :—1. East Indian tacamahac, tk
product of Calophyllum inophyllum (Linn;.
which inhabits Bourbon and Madagascar. Iti;
a dark-green balsamic resin—spécifie gravit;
1-032 ; melting-point 75°. 2. Yellow tacamalm
This oleo-resin is the exudation of Amyrii
tacamahac (Batka). It was labelled Tacom

' haque vierge by Des Marchais, African incm
byPereira, and Bdellium d'Afrique by Guibouit
It melts at 100°, exhaling an agreeable odoE
and the resin remaining is partly soluble il
alcohol. The part insoluble in alcohol consist;
of yellow crystals—tacamahacin. This sut
stance is insoluble in ether, sparingly soluble il
alcohol, and is unaffected by alkalis or nitric
acid. Sulphuric acid dissolves it with a violet
colour (Batka, Ph. [3] 6, 742). -Yellow tacama-
hac is often termed anime. 3. Oleo-resin oj
Icica lieptaphylla. This has been already de-
scribed under the name of conima resin (see
Elemi of the 17th-lSth centuries).

Besides these, which Batka regards as tue
tacamahaes, the product of Bursera obtusi-
folia, the Mauritius tacamahac, and commun
galipot of Pinus maritima, the latter under the
name of the bitter tacamahac of trees, have
been described as varieties of that drug.

Gurjun oleo-resin. Gurjun balsam ; Wooi
oil ; Oleo-resina dipterocarpi. This oleo-resin
resembles and is used as an adultérant and sut-
stitute for copaiba. It is obtained from Burma
and the Straits, being the product of varions
species of Dipterocarpus (Fl. a. H. 88). Gurjun
oil must not be confounded with the fatty oil j
which is also known as wood oil, or wood oil oj
China, which is expressed from the seeds of the ;
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Aleurites cordata (Millier), the well-known Tung
tree o£ the Chinese.

Gurjun, or wood oil, resembles copaiba in
appearance, with the exception of its fluores¬
cence, a character rarely found in copaiba. "YVhen
heatedin a elosed tube to 220° it becomes almost
solid, whereas copaiba similarly heated does not
loseits fluidity. For other distinguishing cha-
racters v. Copaiba.

Wood oil was noticed by Lowe (Ph. 13, 65) ;
Hanbury (Ph. 15, 321) ; Martius (N.B. P. 5, 100),
Guibourt (N. R. P. 6, 97), and Hirschsohn (Ph.
)3j 10, 561). Werner (Z. 1S62, 588) found it to
consist of 20 p.c. of volatile oil C„0H32, a
polymeride of turpentine, and a residual resin
which contained gurjunic acid C44H6S08, a crys-
talline compound soluble in aqueous ammonia.
Other observers have found différent percentages
of oil and resin, which are indeed very variable.
The volatile oil boils at 255°-260° (Fl. a. H.),
255° (W.), and its spécifie gravity is 0-915 (Fl. a.
H.) ; 0-904 W.) ; 0-928 (De Yry, Ph. 16, 374).
Amylic alcohol dissolves the volatile oil, but it
is only sparingly soluble in ethylic alcohol and
glacial acetic acid. The hydrocarbon is coloured
a magnificent blue by hydrochloric acid, but
does not form a crystalline hydroehloride. It
is lœvogyre (W.) ; dextrogyre (Fl. a. H.).

The resin of wood oil is extracted by alcohol
and aqueous solution of ammonia added, and
the amorphous resin which separates collected.
The solution contains ammonium gurjunate
from which gurjunic acid is obtained as a pre-
cipitate on the addition of a minerai acid, and
it may then be recrystallised from ether or alco¬
hol. Werner found it to melt at 220°, and to
boilivith décomposition at 260°. Gurjunic acid
is soluble in alcohol, benzene, and Carbon bi-
sulphide. Itmay be regarded as tri-hydratedabie-
tic acid thus C44H64053H20. This formula
agréés equally well with Werner'sdata (Fl. a. H.).
It is probably identical with the meta-copaibic
acid of Strauss (v. Copaiba). A compound,
C.,„H3(i02, yielding a diacetate is obtained from
gurjun oleo-resin and enters commerce as
'copaivic acid.' It is crystalline, melts at 126-
129°, is soluble in alcohol and ether but insolu¬
ble in water and alkalis (Brix, M. 2, 516). The
amorphous resin which constitutes the chief
part of the resin of wood oil has not been
further studied.

In addition to its use as a substitute for

copaiba, wood oil is employed in India as a
natural varnish, especially for ships.

Labdanum ; Ladanum. A sticky, black-
brown, soft oleo-resin, derived from Cistus
creticus (L.) and other species of Cistus, in-
habiting the Grecian Arehipelago and the shores
of the Mediterranean (cf. Bentl. a. T. 24).
It is a variable mixture of resin, volatile oil,
gum, wax, and earthv and woody impurities.
The odour is fragrant, and it has a bitter taste.
Guibourt (Hist. Drogues, 3, 601), Pelletier (Bl.
Ph. 4, 503), Johnston (Tr. 1840, 344), Thiselton
Dyer (Ph. [3] 15, 301 ; 16, 385 and 779).

Lupulin. Lupulinic glands, Lupulina, Lupu-
line, Fr. ; Hopfendrilsen, Hopfenstaub, Ger.
The detached minute glands of the strobile of
Stimulus Lupulus (Linn.) contain volatile oil,
a bitter acid, resin, wax, and possibly an allca-
loid.

The volatile oil which exists to the extent of
about 0-9 p.c. (Fl. a. H. 553) consists according
to Wagner (J. 1853, 516) and Personne (J. Ph.
[3] 26, 241 a. 321 ; 27, 22 ; J. 1854, 654) of a
terpene, C,0H]0, boiling at 175°, and an oxygen-
ated compound probably valerol, C6Hi0O, which
boils at 210° and on oxidation yields isovale-
rianic acid. The latter acid has also been de-
tected in hops. The crude oil boils from 140-
300°. Cf. Mehu (Thèse, Montpellier, 1867), and
Ossipow (J. pr. [2] 28, 448). The investigations
of Lermer (-T. pr. 101,137) and Bungener (Bl. 45,
489) have shown that lupulin contains a crystal¬
line compound lupulinic acid or hopfenbitter-
saure CS0H70O8 (?), which by the action of air and
moisture changes into an amorphous substance
identical with the bitter constituent of hops. To
préparé lupulinic acid lupulin is extracted with
ligroin and the crude crystals which are obtained
on concentrating the solution are purified by re-
crystallisation from alcohol and afterwards from
ligroin. The acid crystallises from ligroin in
prisms which melt at 92-93°. It is insoluble in
water, soluble in ligroin, and very soluble in
alcohol, ether, benzene, ehloroform and carbon
bisulphide. It oxidises readily, reduces ammo¬
niacal silver solution and forms a compound with
copper. According to Lermer lupulin may con¬
sist of myricylic palmitate and the same observer
obtained evidence of the presence of an alkaloid
in the glands. Hop-resin is tasteless, and com¬
bines with metals. Compare Griesmayer (Am.
J. Pharm. 1874,360), Sarrazén (J. Ph. 1876, 437),
Bissell (Am. J. Pharm. 1877, 582), Etti (D. P. J.
228, 354), Siewert (B. C. 1879, 54), Issleib (Ph.
[3] 11, 6), Ladenburg (B. 19, 783), Paul (Ph. [3]
16, 877).

Mecca orOpobalsam. Balmof Gilead. This
oleo-resin is the balm of the Old Testament and
the Greek writers, and is the substance to which
the name ' balsam ' was originally applied. The
term has, however, with the advanee of discovery,
corne to have another meaning, and is now em¬
ployed in a generic sense for those resins, oleo-
resins, or gum-resins which contain cinnamic or
benzoic acids (compare Balsams). Mecca oleo-
resin is the product of Balsamodendron Opo-
balsamum (Kunth), a tree growing in Arabia.
Trommsdorff (N. J. T. 16, 62) finds it to consist
of volatile oil 30 p.c., soft resin insoluble in alco¬
hol, 4 p.c. ; hard resin soluble in alcohol, 64 p.c. ;
extractive and loss, 2 p.c. A specimen analysed
by Bonastre (J. Ph. 18,95) contained only 10 p.c.
of volatile oil, and the other constituents were
correspondingly higher. In physiological action
the oleo-resin is allied to copaiba and the tur-
pentines.

Hardwickia pinnata oleo-resin. This oleo-
resin is an Indian substitute for copaiba. It is
derived from a tree nearly related to the Copai-
fera, which inhabits the forests of South Tra-
vancore Ghats and South Canara. A specimen
examined by Fliiekiger and Hanbury (Fl. a. H.
233) was a thick, black-looking, viscid fluid,
which, when viewed by transmitted light in thin
layers, was yellow-green or vinous red according
tp the thickness. It had no fluorescence, nor
was it gelatinised by heating, as is the case with
wood oil. Broughton (Beddows, Flora Sylv. S.
India, Madras, 1872, 255) found 25 to 40 p.c. of
volatile oil (C5H8)n, boiling at 225°. From the
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resins this observer was unable to préparé
copaivic aeid.

Minjak-lagam. An oleo-resin resembling
gurjun, tke product o£ an unknown tree in
Sumatra, bas been examined by Haussner (Ar.
Ph. 21, 241). It is dingy green by refleeted and
yellow by transmitted ligbt. It is soluble in alco-
bol, ether, benzol, chloroform, and earbon bisul-
phide, and yields 33 p.c. of volatile oil C20Hœ,
boiling at 250°. The resin is composed of an
acid C,Hh03 and a neutral constituent.

Sumbul oleo-resin. Racine de sumbul, Fr. ;
Sumbulwurzel, Moschuswurzel, Ger. The root
of Ferula Sumbul (Hooker), or musk root
(Bentl. a. T. 131), a perennial plant, inhabiting
the mountains of Maghian, in the Khanate of
Bokhara. When extracted with ether it yields
about 9 p.e. of a resin, having a musky odour and
l p.c. of a bluish volatile oil.

Reinsch (J. Ph. 6, 300 ; 7, 79 ; 13, 68), by
dissolving the resin in alkali and precipitating
with water, obtained a sait of sumbulamic acid,
together with some angelate, the two being
separated by the easier solubility of the latter
in water. Free sumbulamic acid is a turpentine-
like mass, which assumes the forai of soft yellow
needles on standing. Compare also Reinsch and
Riecker (Jarhb. pr. Ph. 16, 12). The exist¬
ence of an alkaloid sumbuline in the resin has
not been confirmed (cf. Murawieff (Dub. Quart.
J. 1852, 255). Sommer (Ar. Ph. 138, 1) inves-
tigated sumbul root. On dry distillation the
oleo-resin gives first a greenisli mobile oil, smell-
ing like ereosote, then a blue oil, lighter than
water, and with a peeuliar, not very agreeable,
odour. Together with these the same observer
found crystals of umbelliferone.

Turpentine. The oleo-resinous exudates of
various species of Conifcrœ.

Crude or common turpentine. This is
derived in Russia and Finland from the
Pinus sylvestris (Linn.), or Scotch pine; in
Austria and Corsicafrom P. Laricio (Poiret) ; in
South-Western France from P. Pinaster (Solan-
der) ; and in the United States from P. australis
(Michaux), the swamppine and the Loblolly pine,
P. Tœda (Linn.) (Fl. a. H. 604 ; Bentl. a. T. 256-
259). For concreted French turpentine, common
frankincense or galipot, see Eesins.

Canada turpentine, Canada balsam, Balsam
of fir. A product of the balsam or balm of
Gilead fir, the Pinus balsamea (Linn.). This
is incorrectly ealled balsam, and it must not
be confounded with true balm of Gilead or Mecca
balsam (cf. Fl. a. H. 612 ; Bentl. a. T. 263).

Venice turpentine, Larch turpentine. The
exudate of the larch or Pinus Larix (Linn.),
mostly obtained from the Tyrol.

Strassburg turpentine is the yield of the
Silver fir, Sapin, Fr., Weisstanne or Edeltanne,
Ger., Pinus Picea (Linn.). The market is sup-
plied chiefly from the Vosges (Fl. a. H. 615 ;
Bentl. a. T. 262).

Hungarian turpentine is obtained from the
Pinus Pumilio (Hânke).

Chian turpentine is the turpentine of the
older writers, and is derived from a small tree,
Pistacia terebinthus (Linn.)r which inhabits the
shores of the Mediterranean and Asia Minor (v.
Turpentine).

Tar v. Tuiîpentine. A. S.

OLEUM ANIMALE EMPYREUMATICUB
Bone oil.

OLE1JM CORNU CERVI v. Bone oil.

OLEUM DIPPELII v. Bone oil.

OLIBANUM v. Gum-besins.
OLIBENE v. Gdm-kesins.
OLIGOCLASE. A lime-soda plagioclase t

Felspab.
OLIVE OIL v. Oils, eixed.
OLYMPIAN GREEN. Emerald green >

Pigments.
OMEIRE. A drink resembling koumiss, pj

pared by the natives in South-West Africalî
filling gourd bottles, which contain some U
mented milk, with milk, shaking well and aller
ing to stand. Is athick, semi-coagulated làji;;
possessing a pleasant, wine-like smell, and.
slightly sour taste ; it contains a little alcob
(Ar. Ph. 1887. 744).

ONOFRITE v. Mebcuky ; also Sélénium, I
ONYX v. Agate.
OFAL. Colloidal silica, occurring native;

botryoidal and stalactitic forms, or in amorpho;
masses, occupying cracks and cavities in certa;
rocks. It is softer and less dense than quart
its hardness being only 5-5 to 6-5, ivbile it
sp.gr. varies with the impurities présent frot
1*9 to 2-3. Being practically amorphous i
should exhibit single refraction, but mai;
varieties, especially of noble opal, are strongi;
double-refracting ; the anomaly being probabl;
due to the strain set up by unequal contractai
in différent directions during the solidification
of the gelatinous mass. Opaline silica is neail;
always hydrated, but the proportion of watt
varies from about 2-5 to upwards of 10 p.t
Von Kobell found that the noble opal of Hue
gary lost 10-94 p.c. when strongly heated. Tfe
substance is almost wholly soluble in liot sot
tion of caustic potash.

The purest opal, known as hyalite or wafa
opal, oecurs in colourless, transparent masses
resembling glass. Semi-opal is a name appliel
to the dull, opaque varieties, generally more o:
less impure. Menilite or liver-opal is a brora
opaque minerai, occurring in nodules in the ter
tiary strata of the Paris basin, especially a;
Menilmontant. Wood-opal is simply wooi
fossilised with opaline silica, and retaining tbs
ligneous structure, which produces a pleasin;
effect when the substance is eut and jiolished;
henceit is used in slabs as an ornamental stoue

Hydropliane is an opal which, when dry, i
opaque and dead white, but absorbs water
rapidly when moistened, and becomes trans
parent. A fine variety found in Colorado ha;
been brought into use under the name of ' magit
stone.' Common opal is a général term for an;
opal which does not display sutïicient colourta
recommend its employment for décorative pur-
poses. According to its appearance it often re-
ceives trivial names, sucli as milkropal, was-
opal, &c. It is interesting to note that tri-
dymite is a common mieroscopic inclusion in
such opals. Pire-opal, found chiefly in Mexico,
exhibits a brilliant hyacintliine or orange colour,
which renders it of some value in jewellery,
But the finest variety of the opaline group of
minerais is the precious or noble opal, a sub¬
stance which is unique in exhibiting by reflectei
light a vivid play of iridescent colours. The
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cause of this phenomenon has been studied by
Brewster, Crookes, Behrens, Lord Bayleigh, and
others. By most authorities it has been referred
to the presence of numerous microscopic pores,
fissures, or striœ in the interior of the atone ;
but Behrens oonsiders it due to the interposition
of thin lamellse of opaline matter having a dif¬
férent index of refraction from that of the matrix
(Sitz. Vf. ; Math.-naturw. Cl. 64, 1871, 519). If
the colours proceed from distinct patches, like a
brilliant mosaic, the stone is termed in trade
Imrlequin opal. Precious opal is a minerai of
very limited distribution. The oldest mines are
those of Dubrick, on the eastern slope of the
Labanka Mountains, in Hungary, where the opal
occurs in a matrix of andésite. Slabs of matrix,
or ' root of opal,' inclosing brilliant partieles of
the gem, are polished as ornamental stones. The
Hungarian mines, which are the property of the
Government, though worked by M. Goldschmidt,
of Vienna, employ about 200 workmen. Opal is
also found at Gracias-â-Dios, in Honduras ; at
Queretaro, in Mexico ; and near the Barcoo
river, in Queensland. The Queensland opal
occurs in cracks in nodules of jaspery brown
iron-ore, and is remarkable for its brilliant blue
and green colours. Opals are usually eut en
cabochon, or with a convex face, but the Queens¬
land stone, occurring in thin layers, lends itself
to cameo-work, the brown ferruginous matrix
forming an effective background. The so-called
' black opals ' are merely precious opal inti-
mately associated with the dark iron-stone
matrix, the colour of which may be heightened
by artificial staining. F. W. B.

OPAL BLUE. Spirit soluble blue, Gentian
blue 6 B. Spirit blue 0, v. Aniline blue.

OPIAUKIÏf. Opianic acid and phénol, when
heated together with strong sulphuric acid, give
rise to an intense yellow-red dye. The reaction
takes place between the aldéhyde group of the
acid and the phénol

CcH„(OCHs) (C02H) (COH) + 2C„H5.OH
= H,0 + C6H2(bCHs)2.(C02H).CH:(C6H10H)2.

This compound leucopiaurin is oxidised during
the process to opiaurin C22H1806. The best re-
sults are obtained by stirring an intimate mix¬
ture of opianic acid and phénol into sulphuric
acid (60°B.), and keeping the mixture woll
cooled. After 24 hours' rest the melt is thrown
into a large quantity of cold water, and the
precipitate, when washed and dried, freed from
tarry matters by extraction with hot benzene.
Opiaurin is soluble in alcohol, ether, and glacial
acetic acid, insoluble in benzene and petroleum-
ether. It can only be obtained in the amor-
phous condition. It dissolves in alkalis with a
purple colour; the solution in alcoholic am-
monia becomes brownish-yellow on heating, but
the purple colour returns on cooling.

Sulphurous acid does not reduce it. Opianic
acid reacts in a similar way with other phénols,
and the reaction can be used to detect the pre¬
sence of opianic acid, as also of an aldehyde
group in aromatic compounds ; the reagents
are separately dissolved in an excess of cold sul¬
phuric acid; on mixing the solutions the coloura-
tion takes place at once (C. Liebermann a. P.
Seidler, B. 20, 873-4 ; S. C. I. 6, 541).

Vol. III. -T

OPIUM.

Origin.—Opium is the milky juice oî the
unripe capsules of Papaver somniferum (Linn.)
or opium poppy, obtained by incision and in-
spissated by spontaneous evaporation. The
plant (v. Bentl. a. T. 18) is perliaps indigenous
to Asia Minor and neighbouring districts of
South-Eastern Europe and Western Asia ; but it
is now cultivated more or less throughout ail
temperate and sub-tropical countries. It ex-
hibits, however, morphological différences. The
two most important varieties which, according
to Boissier, are cultivated for the production of
opium, are glabruvi, with subglobular capsule
and ten to twelve stigmata, and album, with
egg-shaped capsules and without apertures
(Flora Orientalis, 1867, 1, 116). The former is
grown in Asia Minor and Egypt, and the latter
in Persia and India. But besides these varieties
there are minor distinctions, the petals in the
same variety differ in colour, and may be white,
red, or violet, with a dark-purplish spot at the
base in most cases. The seeds are white or

dark-eoloured, and contain from a third to half
of their weight of fixed oil. The capsules are
provided with a lacticiferous System from which
the juice exudes when they are incised. This
milky juice is présent in the plant in ail countries
where it has been grown, and opium may be
collected provided that the rainfall is not too
great and the température neither arctic nor
entirely tropical. That its production is con-
fined for the most part to Asia Minor, Persia,
India, and China, is determined by other con¬
sidérations such as the value of land and the
cost of labour.

History.—The drug was known early in the
third century b.c. to Theophrastus. Scribonius
Largus, in the first century a.d., describes the
method of preparing it and remarks that it
should only be made from the capsules ; for, as
Dioscorides, writing a little later, points ont, two
sorts of opium were in use at that period. One
of these, the opium proper, was prepared from
the capsules, and the other, ' meconium,' was
extracted from the entire plant by naeans of a
solvent. Similar accounts may be found in the
works of Pliny and other Latin writers. The
opium of the classical period, and indeed the
only variety known till the twelfth century, was
exclusively that of Asia Minor. The nations of
the East appear to bave learned of opium from
the Arabians, and it seems probable that the use
of the drug was favoured by the Mahomedan
prohibition of alcohol. They are supposed to
have introduced the drug into China in the ninth
century. Egyptian opium, ' Opium Thebaiacum,'
is mentioned by Simon Januensis about the end
of the thirteenth century. At this time, and
three centuries later, according to Prosper Al-
pinus, meconium was still prepared in the
Thebaïd in Upper Egypt.

In India opium was collected early in the
sixteenth century. Barbosa describes a variety
produced in Cambay. Pyres, the first European
ambassador to China, writing in 1516, mentions
three varieties of opium, obtained respectively
from Egypt, Cambay, and from the kingdom of
Coûs. The iast-mentioned district is Eus Behâr,
south-west of Bhotan inBengal. Garcia d'Orta,
a little later, remarks that Cambay opium is
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chiefly derived from Malwa. The opium pro¬
duction was a State monopoly in India under the
Moguls, and after the victory of Clive at Plassy
in 1757 the monopoly passed into the hands of
the East India Company. The manufacture
tlien greatly increased, and it bas gone on in-
creasing until within the last few years. It was
during the seventeenth century that the first
accounts reached us of the production of opium
in Persia. Kâmpfer found that the ' theriaka,'
which had long been held in high esteem by
neighbouring nations, was made by mixing the
finer sorts of opium with spices.

The Chineseobtainedtheir opium from India.
Until the beginning of the eighteenth century it
formed part of the return cargo of their junks.
The importation was then small, and it was used
almost exclusively in medicine as a remedy for
dysentery. The imports did not reach 1,000
chests (Malwa chests contain one pecul, or
133jlbs., Patna chests 160 lbs.) until 1767, when
the trade was mostly in the hands of the Portu-
guese. In 1790, under the East India Company,
it had become 4,054 chests. It was at thistime
that the habit of smoking began to spread in
China. To promote the trade the East India
Company established an opium dépôt of two
ships, which lay off the island of Macao, at the
entrance to the Canton river. The importation
went on increasing, notwithstanding that it was
forbidden by the Chinese Government in 1796,
and that an ecjict was issued in 1820 prohibiting
opium-laden ships from entering the river. The
trade, which between 1820 and 1830 had risen
to 17,000 chests annually, then assumed a con-
traband character. Complaints, however, con¬
tinuel, and when in 1839 it was decided to
enforce the law, this, together with other diffi¬
cultés, led to a war with England which termi-
nated in the treaty of Nanking in 1842. By this
treaty five ports were opened to foreign trade,
and the island of Hong Kong was ceded to the
British Government. In 1859-60 the annual im¬
portation of opium from India was 54,863 chests ;
in 1869-70, 81,770 chests ; in 1879-80, 94,836
chests ; in 1884-85, 75,393 chests ; in 1889-90,
70,102 chests. The decrease is due to the
enormous development of Chinese production.

Numerous attempts had been made during
the seventeenth and eighteenth centuries to
préparé active condensed extractives from opium,
but no constituent of a definite nature was dis-
covered until the beginning of the présent
century. Derosne in 1803 noticed a séparation
of crystals on diluting an aqueous extract of
opium (A. Ch. [1] 45, 257). Their basic cha¬
racter was demonstrated by Robiquet in 1817
(A. Ch. [2] 5, 275), and the compound is now
called narcotine. Derosne noticed that opium
solutions are precipitated by alkalis, butthought
that the precipitate was the same compound
which he had previously isolated. Seguin in
1814 described what was probably the chief
active constituent of opium (A. Ch. [1] 92, 225).
But to isolate in a definite form and make
known the basic properties of morphine was
reserved for Setiirner, an apothecary of Eimbeck
in Hanover, whose work extended from 1805 to
1816. During the same inquiry, in 1806, Se¬
tiirner also brought to light meconic acid with
which the morphine is combined (Am. S. 55, 72 ;

57,183 ; 64, 65). Morphine was the first com¬
pound known belongingto the class of vegetatk
bases, which has since become so important;
for although narcotine was isolated just before,
its properties as an alkaloid were not ascertaine!
till afterwards. Further historical and othet
détails will be found in the article on opium in
'Pharmaeographia ' (Fl. a. H. 272), from which
many of the facts given have been obtained,

Production.—AsiaMinor. Opiumis collecte!
in Asia Minor for the most part by small
peasant proprietors, the largest quantity beiag
obtained in those countries lying to the west,
and having Smyrna and Constantinople foi
their ports of shipment. The produet of thés
countries is the Turkey opium of English com¬
merce, and is the only kind which is officiai foi
use in medicine in this country. Of ail available
varieties it is the richest in morphine. The
poppy grown is the variety glabrum of Boissiei,
The flowers are purplish or sometimes white,
and the seeds white to deep violet. The plantf
grows in elevated as well as lower situations,
and requires a moist soil and much attention
and skill on the part of the cultivator. Détails
of the mode of preparing the soil and manage¬
ment of the crop are given by Maltass (Ph. [1]
14, 395) and Heffler (Ph. [2] 10, 434), and in the
officiai directions drawn up by the Turkish
Government for the promotion of the opium .

culture in Macedonia (Ph. [3] 13, 918). The
crop is sometimes destroyed by early frosts,
drought, or the attack of loeusts. The seedis
sown from November to March, and the flova-l
ing takes place from May to July. In this m;
successive crops of capsules become ready fa1
incision during a period of about three montln,
and a saving in the cost of labour is effected, i I

In the course of a few days, after the petals
have fallen, when the capsules are some 14 inche
in diameter, they are ready for incision. This
is done transversely around the middle by menus
of a knife. The opération is one requiring skill
for if the incision be not deep enough an in¬
complète flow of juice results, and if it betas
deep some of the juice is lost inside the capsule, j
The incisions are made in the afternoon, and tle
exuded and partly hardened juice is collecte! ;
the following morning. It is scraped off au!
plaeed on a poppy leaf. Masses of hardene!
juice thus obtained are allowed to stand in the
shade to dry still further, and are then made
into lumps of varying size and sold to deateiu I
the towns. By these the opium is manipulatel
into cakes suitable for the market, envelopedin
poppy leaves and packed in bags, into which
Rumex fruits are thrown to prevent the cakes
adhering together. The bags are then sealed
and transmitted to Smyrna and Constantinople, |
where they are opened in presence of the seller,
the buyer, and a public examiner. The examiner i-
scrutinises the drug piece by piece, and by it;
physical characters classifies it as (1) prime, (21
current, and (3) chiqinti. The ' current ' cou-
stitutes the great bulk of mercantile opium. Au
important addition to the profits of the opium
culture is the sale of poppy seed, from which the -
oil is expressed and used for a variety cl
purposes. It is a bland, limpid, drying oil, of i
pale colour (Maltass; Heffler; Scherzer,Ph.[3) f
11, 835).
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Good Smyrna opium when dry oontains 12
to 15 p.c. of morphine. If less than 10 p.c. is
found in a specimen adultération may be sus-
pected. The opium used in medioine in this
country when dried is required to contain not
less than 9'5 and not more than 10*5 p.c. of mor¬
phine (Brit. Pharm. 1885,205). The dried Turkey
opiums examined by Guibourt eontained from
117 to 21-5 p.c. or a mean of 14*7 p.c. of mor¬
phine (J. 1862, 374). Of ninety-two speeimens
examined by Fayk Bey, the highest was 17*2
p.c., and half of them eontained more than 10
p.e. (FI. a. H.). Bulgarian opium, analysed by
Theegarten, gave :—Kiistendil, in large lumps,
4 to 10 oz., 17*69 p.c. ; Lowtscha, 11*90 p.c. ;
Halitz, 7*25 p.c. (Ph. f3] 11, 896 ; 13, 342).

Turkey opium, as it appears in English com¬
merce, consista of rounded masses, generally
from ^ to 2 lbs. in weight but sometimes larger
or smaller. Externally it is covered with poppy
leaves and Bumex ' chaff.' It has a bitter
taste, and peculiar, though not altogether dis-
agreeable, odour. The following are among the
more important districts, the products of which
corne to Constantinople Bogaditz ; Karahissar-
Sahib ; Kutchaya ; Balukhissar ; Kurkagatsch ;
Ismid or Ghéve, the product of Geiveh ; Bey-
bazar ; Angora ; Malatia ; and Tokat. In addi¬
tion to these the Constantinople market receives
the opium of Macedonia and, until recently at
least, small supplies from Bulgaria. The culti-
vation of opium in Macodonia commenced in
1865 from seeds bronght from Karahissar. In
1882 the districts of Kotehava, Straumnitza, and
Tikvish exported 135,0001bs. by wayof Salonica,
whence it is terrned collectively Salonica opium.
The opium districts in Bulgaria are Kiistendil,
Lowtscha, and Halitz. The produce is mostly
consumed by local pharmacy ; but, while the
country remained under Turkish dominion, any
surplus found its way to Constantinople.

The market at Smyrna receives the products
of Afium Karahissar, Ushak, Akhissar, Tan-
skauli, Isbarta, Koniyeh, Bulladan, Hamid,
Magnesia, and that colleeted in the neighbour-
hood which is known as Yerli. For a description
of the physical cliaraeters of the numerous
varieties of Turkey opium v. E. M. Holmes
(Ency. Brit. 9th ed. 17, 789).

In the English market Turkey opium is
divided into three classes, known as ' shipping,'
' druggists',' and 'manufacturing' opium. As
shipping opium are clâssed those varieties which
contain the least proportion insoluble in water,
and which yield the greatest quantity of extract
adapted for smoking. These are the opiums of
Malatia, Tokat, Salonica, Balukhissar, Kurka¬
gatseh, Bokaditz, and 'prime' Angora and
Yerli. This opium is exported to China, Peru,
the West Indies, British Guiana, Brazil, and
for reshipment, to the United States. Drug¬
gists' opium is selected for a high percentage
of morphine and includes the varieties which
are used in medicine. It has a firmer con-

sistence and a darker colour than the others.
In England the products generally chosen are :
Beybazar, Yerli, Karahissar, including Adet,
Amasia, Akhissar, and ' current ' Smyrna and
Angora ; for America, Ushak, Yerli, and Kara¬
hissar ; and for the Continent, Ghéve. Manu-
factums' opium is used for the préparation of

alkaloids and includes ' chiqinti,'Persian, and
other low-priced opiums (Holmes).

Among the various adultérants which have
been detected, from time to time, in Turkey
opium are : sand, clay, grape-juice thickened
with flour, fig-paste, liquorice, half-dried apricots,
tragacanth, pounded poppy capsules, and even
turpentine, stones, and bits of lead.

The opium trade in Constantinople for
1886-7 was: imports 768, exports 906 cases;
1887-8, imports 2,790, exports 2,243 cases
(S. C. I. 1889, 654). The opium exports of
Smyrna for 1888 were 3,128 cases ; of these
1,459 cases went to America, 719 cases to Eng¬
land, 239 to France, and the remainder to Aus-
tria, Germany, and other countries (Chem. a.
Drug. 1890, 36, 12). Production of opium in
the Turkish Empire during the last twenty-six
years (S.C.1.1890,338). The total opium trade of
the United Kingdom, which is confined almost
entirely to Turkey and Persian opium, for the
years 1885-8 was in lbs. :—1885, imports
710,099, exports 425,196 ; 1886, imports 521,124,
exports 368,107 ; 1887, imports 654,122, exports
353,137; 1888, imports 587,365, exports 535,397
(S. C. I. 1889, 486).

Egypt. Only a small quantity of opium is
now exported from Egypt. In 1872 9,6361bs.
reached the English market. Owing to its in-
ferior quality it is not regularly imported. Small
eonsignments are, however, sent to Turkey and
other countries on the Mediterranean sea-board.
It is cultivated in Upper Egypt near Esneh,
Kenneh, and Assiout, the ancient Thebaïd.
Allen, in 1861, describes the collection of opium
from a white poppy. The capsules are slit twice
transversely, and the juice colleeted the following
day with a sort of scoop-knife, and placed on a
leaf, in the sun, to harden (Ph. [2] 4, 199). The
product is sent out in cakes, enveloped in poppy
leaves, but without Bumex fruits. According
to information supplied to Martindale, the best
opium is colleeted at Akmim, on the right bank
of the Nile, 320 miles above Cairo ; while at
Assiout, 250 miles above, an inferior quality is
produced. A piece of Akmim opium, in the form
of a hard flat cake, four inches in diameter, and
one inch in thickness, eontained 7*24 p.c. of
morphine. There was the mark of a leaf ad-
hering to it, and it had a rough and irregular
appearance. A specimen from Assiout, consist-
ing of segments of a cake, much softer and
evidently adulterated, yielded only 0*6 p.c. of
morphine (Ph. [3] 19, 743). Other speeimens
have given 5*8 to 12*2 p.c. (Guibourt, J. 1862,
374), 3*4 to 3*9 p.c. (Petermann, J. 1866, 704),
and 5*8 p.c., together with 8*7 p.c. of narcotine
(Fl. a. H.). It has also been shown by Gastinel
that opium can be made in Egypt containing 11
to 12 p.c. of morphine. The fact that it gene¬
rally contains only half that proportion is due
partly to an over-moist soil and unskilful col¬
lection, but also doubtless to adultération (Fl.
a. H.).

Persia. The quantity of opium produced in
Persia has until recent years been small and in¬
ferior in quality. The strongest, the Teriah-e-
Arabistani, was obtained from Dizful and Shus-
ter, in Khuzistan. A good quality was produced
near Sari and Balfarush, in Mazandaran, near
the Caspian, and in the southern province of
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Kerman. Inferior sorts came from Shahabdul-
azim, Kashan, and Kum. The cultivation ex-
tends into Turkestan, where a sort of meconium
is also manufactured. Part of these products
went overland to China, by way of Bokhara,
Khokan, and Kashgar, and another part found
its way to Constantinople, by way of Trebizond,
to be sold as Turkey opium (FI. a. H.). More
attention is, however, now given to the cultiva¬
tion of the plant and the collection of the juice,
and there is less adultération, the resuit being
a great increase in the trade. The poppy cul-
tivated is the variety album (Boissier), having
roundish ovate capsules. Shiraz and Beliba-
lian, the latter in the neighbourhood of Bu-
shire, and other new districts, furnish supplies
(Ph. [3] 11, 804), and old centres like Kum,
Téhéran, and Yezd, have improved the quality
of their product (Ph. [3] 15, 113 a. 430). More
recently Ispahan has become the chief centre
of the opium cultivation, the other important
districts now being Shiraz, Yezd, Khonsar, and
also Iihorasan, Kermanshah, and Fars.

The Persian exports of opium in 1859 were
estimated at 300 chests, but in 1870 they had
risen to 2,600 chests. At that time a regular
trade by water was established from the ports cf
Bushire and Bunder Abbas, in the Persian
Gulf, and the quantity exported increased ra-
pidly. By far the greater part is now shipped
from these ports direct to Hong Kong, where it
competes in the market with the product of
Patna, Benares, and Malwa. A smaller part is
shipped to the Straits Settlements, and the rest
to England. A less important trade continues
with Constantinople, by way of Trebizond and
Samsun, and part of the opium made in Téhé¬
ran, Tabriz, and Kermanshah, also finds its way
to Smyrna. Opium is now the chief export of
Persia—4,512 chests were shipped in 1882 from
Bushire, and 2,000 chests from Bunder Abbas.
Of these 1,000 chests came to London, and the
remainder went to Hong Kong (Ph. [3] 14, 510 ;
cf. Fl. a. H. ; Holmes).

Aecording to recent reports the yearly crop
of opium in 1887 in the neighbcurhood of Ispa¬
han was estimated at 519,680 lbs. The cultiva¬
tion of the poppy has seriously encroached on
the land devoted to corn and other ceieals.
Indeed, the production of opium engages the
energies of the greater part of the population in
that district. The capsules are ready for cutting
at the beginning of June. Vertical incisions are
made, and the juice is collected and conveyedto
the market in eopper vessels. There it is mani-
pulated to suit the tastes of buyers in Hong Kong
and London, whither it is exported between Sep-
tember and January. One of the most cele-
brated products is that of the village of Kupa, a
short distance east of Ispahan. Some of the
Ispahan opium is not shipped directly, but is
sent to Shiraz or Yezd, where it is first mixed
with the products of those districts (Ph. [3] 17,
904).

Persian opium appears in various forms of
flat rounded cônes or cakes, weighing from 6 to
10 oz. or more, and also in sticks. The cakes
are packed in poppy ' trash,' or wrapped in paper
or sometimes in poppy, fig, or vine leaves. The
drug is usually much finer and smoother than
Turkey opium. Its colour is chocolaté brown,

and it has the appearance of having been bea:-
into a uniform mass previous to its being m-
into lumps (Holmes). Under the microsco;*;
is highly crystalline, and when seen with poU
ised light shows a variety of beautiful font;
Except in the case of specimens collected nj.
the use of oil the odour is nearly the same ;
that of the Turkish drug. It sometimes m
tains as much as 13 to 30 p.c. of glucose. Go;
Persian opium yields when dried 8 to 10 p.e.;
morphine, while inferior qualifies contain or
3 to 0-5 p.c., or even as little as 0-2 p.c. (H;
H.). Séput found 10-08,10-12, 11-52, and 13-fl
p.c. (J. Ph. [3] 39, 163) ; Guibourt, 11-4 pj
(J. 1862, 374).

India. Opium is one of the most importe
products of India. It is a State monopolyoft
Bengal Government in Behar and Benares, u
is cultivated free in the Malwa and other distria
of the native States, whence on arrivai in Brife
territory it pays duty. The largest net revw
obtained by the Indian Government was ;

1880-81, when it reached a total of Rx.9,262,î:
Of this the trade with China and the Stri
yielded Rx.8,451,273, the remainder, Rx.810,9k
being derived from opium eonsumed in Indi:
In 1889-90 the export revenue had déclin,
to Rx.6,979,394, home consumption yielda
Rx.928,928, giving a total of Rx.7,908,322 (Wns
Parliamentary Return, E. I. Opium, 1891
With the exception of an occasional spechnen:
Malwa opium, the Indian drug is never scen
English markets.

The area devoted to poppy cultivation ;
Bengal comprises the large central tract of It)
Ganges, about six hundred miles inlengthat
two hundred in breadth. It extends east m

west, from Dinajpur to Agra, and north and sont!
from Gorakhpur to Hazaribagh. Aecording t
Watt the average anhual area actually occupiedl;
the poppy in Bengal for the last thirty yearsfc
been 490,000 acres. The State does not resta
the cultivation of opium ; but it is a monopolyt
the sense that what is cultivated must be sold;
the Government at a price agreed upon befoiH
liand. One object of these régulations is ;
prevent the neglect of cereals, for the popfj
culture is very much more profitable ; in Mali;
it is said to realise from three to seven timest
much as the ordinary crops. The opium of Bek
and Benares is sold at auction in Calcutta, pl¬
is retained for consumption in India, but 11-
greater portion is shipped to China. In the te
1889-90 there were exported from Calcfflt
57,000 chests, and 4,949 chests were issued;
the Excise for use in India.

The remainder of the opium raised jp Iné
is produced by the native States. The most in
portant centre is the broad tableland of 11
Malwa and the adjoining slopes of the VindM
Hills. The opening of the railway has given
great impetus to the cultivation in Rajputir
and Malwa (Ph. [3] 15, 207). Smaller but t
creasing quantities are produced in the Punji
not only in the plains, but to the êastward c.
Lahore, in the valley of Bias, as high as 7#'
feet above the sea. Kulu also produces excelle
opium. It is raised in Népal, Basahir, si
Rampur, and at Doda Kashtwar, at the base
the Himalayas, in the Jammu territory, fut
which districts it is sent to China overM
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(Fl. a. H.). Nearly ail the opium produced in
the native States, however, enters British terri-
tory, and pays a duty aecording as it eomes
from the districts of Ahmedabad, Ajmere, or
Malwa. It is then sent to Bombay, whence,
under the général name of Malwa opium, it is
shipped to China. In the year 1889-90 Bombay
exported 29,029 chests.

The poppy grown in India is the same va-
riety as that of Persia. The same require-
ments of soil and elimate have to be met. In
addition to the dangers to which the crop is
exposed in Asia Minor the plant in India is
liable to the attack of a parasitical speeies of
broom rape, Orobanche iiîdica, which attaches
itself to the roots and causes the plant to wither.
The factory for the Behar district is at Patna,
and for the Benares district at Ghazipur, where
the Government agents are stationed. In Benares
and Behar the seed is sown in November, and the
capsules are ready in February or March. They
are then incised or scarified vertically, by means
of an instrument, constructed of several blades
bound together, called a 'nushtur ' (cf. plate, Ph.
[1] 11, 207). This opération is repeated, in the
course of a few days, on différent sides, each cap¬
sule being scarified from two to six times. The
next morning the juice, which has exuded, is
scraped off by the use of a sort of concave trowel
made of sheet iron, called a ' seetoah,' and col-
lected in earthen pots. The poppy capsules are
afterwards utilised in a variety of ways and the
oil expressed from the seeds. In Malwa the cap¬
sules are ready in March or April.. A somewhat
différent instrument is used to collect the juice,
and from time to time this is dipped in linseed
oil to prevent the juice adhering. Owing to the
heavy dews.fhe juice in India is muchmore moist
tljjmin Asia Minor (Ph. [1] 11, 209).

When freshly colleeted the juice consists of
a wet granular mass of a pinkish colour, from
which there collecls in the bottom of the vessel
a dark coffee-coloured acid liquid ' pasewa ' or
'pussewah.' More of this liquid is separated
by draining, and the opium is then carefully
dried by exposùre to the air, but protected from
the rays of the sun. The drying is continued
some three or four weeks until the moisture is
reduced to 30 p.c., the amount allowed by the
Bengal régulations. In this state it arrives at
the Government factory, where it is examined
physically and chemically, and if satisfactory is
adinitted. In the factory greatcare is taken, by
mixing low and high quality opiums, to send out
a uniform product. It is manipulated into balls,
and covered with poppy petals, which have been
carefully dried previously. The petals are made
to adhéré together into a sort of shell by means
of a liquid called ' lewa ' or ' lewah,' made partly
of opium and partly of ' pasewa.' The spherical
cakes, which have adiameter of about six inches,
andarenotunlike in appearance a 21 lb. shot, are
rolled in poppy ' trash,' powdered stalks, cap¬
sules, and leaves, put into earthenware moulds
and exposed to the sun. If blisters form, the
cake shells are opened, the gas allowed to escape,
and then tightly closed again. After three days,
about the end of July, the cakes are put into
frames and exposed to the air. There they re-
main, with constant watching, until October,
when they are packed in chests, which contain

wooden compartments for 40 cakes, and the in¬
terstices are loosely filled with poppy 1 trash.'
The chests, which contain 1(50 lbs., are then
ready for exportation to China (Eatwell).

That which is consumed in India, ' abkari '
opium, is prepared somewhat differently. It is
dried by exposure to the sun until it contains.
only 10 p.c. of moisture, in which condition it
admits of being moulded like wax. It is made
into square bricks about 2 lbs. in weight,
wrapped in oiled paper and packed in boxes fur-
nished with suitable compartments. Except that
the aroma is not quite so good, ' abkari ' opium
is equal in quality to that prepared for China
(Eatwell, Ph. [1] 11, 2G9, 306 a, 359).

The opium of Malwa and other native dis¬
tricts is not so uniform in quality as that of the
Government factories. Malwa opium contains
only about 5 p.c. of moisture, and it is sent
out in bricks or rounded masses which are not
incased in poppy petals.

The percentage of morphine in Indian opium
is much less than that found in the opium of
Asia Minor. It is remarkable that a superior
product in this respect has not been obtained to
supply the English market, especially in view of
the decreasing trade between India and China.
Benares opium in 1845-9 contained 2-2 to 3-2
p.c. of morphine (Eatwell). Specimens of Patna
garden opium, prepared especially for medicine,
yielded 8-6 p.c. (Fl. a. H.), 7-7 p.c. (Guibourt),
9'5p.c. of hydrochloride (Christison). Specimens
from the India Muséum gave the following per-
centages of morphine : ' Khandesh,' 6-1 p.c. ;
' médical opium,' 1852-3, part of a brick, 4'3 p.c. ;
'garden Behar,' 4'6 p.c.; 'Abkari provision,'
' Patna,' 3'5 p.c. ; ' Sind,' 3'8 p.c. ; ' Hyderabad,'
3-2 p.c.; and 'Malwa.' 6T p.c. (Fi. a. H.).
Three specimens of Malwa opium examined by
W. D. Howard contained 4-8 p.c., 6'0 p.c., and
9 p.c. of morphine (Fi. a. H.).

Small quantifies of morphine salts sometimes
reach this country from India. They are made
at the Government laboratories at Ghazipur from
opium which has been confiscated on account of
adultération, and are not likely to become an
important article of commerce (S. C. I. 1889,
917).

China. The Chinese consume nine-tenths
of the opium exported from India, ail their own
production, and part of that of Asia Minor and
Persia. It is not possible to estimate the
amount produced in China, but some idea of
the enormous inerease during recent years may
be gathered from consular and other reports.
The various attempts of the Chinese Govern¬
ment to prohibit the manufacture of opium have
had little effect. It was about 1830 that it
began to be produced in notable quantifies. In
1869, in a Report on the Trade of Hankow, ad-
dressed to the inspector-general of eustoms at
Peking, the annual yield of the three provinces
Yunnan, Kweichow, and Szechuen, was esti-
mated at 41,000 peculs. In the same year it
was reported that two-thirds of Szechuen and
one-third of Yunnan was devoted to the poppy
(Calcutta Blue Book, 205). In 1882 the annual
production in the south-west of China, ehiefly
the provinces of Szechuen and Yunnan, was
estimated at over 200,000 peculs, or more than
twice the whole importation from India (Ph.
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[3] 13, 225; cf. S. C. I. 1890, 74). In 1885
the imports of Indian opium in Manchuria had
fallen to only 5 p.c. of what they were in 1866,
its place being taken entirely by the native drug
(Ph. [3] 18, 280). In 1887 the district of Wen-
chow was occupied almost entirely in the pro¬
duction of opium. The eountry, viewed from a
hill-top, was, in many places, one vast brilliant
mass of poppy, with here and there a patch of
green (S. C. I. 1888, 409). The consul at Niew
Chang, in Manchuria, reports in 1889 that, al-
though twenty years before 2,635 peculs of
Indian opium supplied the whole province, at
that time the port of Yingtzu alone consumed
3,744 peculs annually. This enormous demand
was being met almost entirely by the native
drug. The use of Indian opium has deereased
so much that in a few years' time it will only
be known to wealthy eonnoisseurs (S. C. I. 1889,
653). A similar report cornes from Chin Kiang
(S. C. I. 1889, 931). Importation of Turkey
opium (S. C. I. 1890, 775).

Opium is cultivated chiefly in Szeohuen,
Yunnan, and Kweichow, to a less extent in
Shanse, Shense, and Shantung, also in eastern
Mongoli a, and in Manchuria. The development
of the poppy cultivation has been so great in
many parts of China that it has seriously inter-
fered with the supply of cereals. For this reason,
since the famine, it has been prohibited in
Shense, Honan, and Chihli. In Kwangtung the
soil and elimate are not suitable, and in Fuh-
keen the production of sugar is equally or more
remunerative (Holmes). In Szechuen the
poppy is a winter crop, and may be gathered in
time to allow rice to be planted, and thus not
interfère with the summer produce. The yield
of opium is about 22 Ibs. to the acre. Every
part of the plant has a use, if only for manure,
and thus the total return amounts to about
double that of cereals. As soon as the summer

crop is reaped, the soil is prepared and manured
with night-soil. The seeds are sown in Decem-
ber, in drills 1J foot apart, the white poppy
being the most commonly cultivated in the low
grounds. After a month, when the plants are a
few inches high, the rows are thinned and
banked up with earth. In March or April the
flowering takes place, and at this time the roots
are again well manured with night-soil. The
capsules are slit in April or May (Ph. [3] 13,
225). Aceording to Thorel, the scarification and
collection is precisely the same as that carried
on in India. Some Szechuen specimens seem to
have been collected with the use of oil as in
Malwa (Fl. a. H.).

Yunnan and Szechuen opium is made into
liât cakes and wrapped in white paper. It is
darker and softer than that of Persia, which it
resembles. Chekeang is a treaely extract sold
in 2 to 41b. jars. The product of Shense was
supposed to resemble in flavour the highly-
prized Patna opium. Yunnan ranks next and
then Szechuen (Holmes). A specimen of Chinese
opium, examined by Jamieson, contained :—
Moisture, 18 p.c. ; morphine, 5-9 p.c. (or 7'2
p.c. in dried drug) ; nareotine, 7'5 p.c. ; ash,
7-5 p.c. (Beport on Trade of Hankow). Au-
thentic specimens examined by Sheppard gave
the following percentages of morphine in the
dried opium :—Szechuen, 2-2 ; Kweichow, 2-5 ;

Yunnan, 4Y ; Kansu, 5-1. Eatwell in SzechjjB
found 3-3 and in Kweichow 6T. Sheppaff
found 5 to 14 p.c. of moisture and 36 to 53p*
of extract soluble in water (Fl. a. H.).

Mozambique and Algeria. In 1877 a Pot1
guese company was founded to commence t»
opium culture in Mozambique (Ph. [3] 8,10û;
10, 63, 13, 445). In 1882, aceording to Guy:.1
some three hundred labourers were emploi:
in cultivating Zambesi opium between t
Muto and Quaqua rivers. The yield compte
favourably with that in India. The prode
is said to be largely admixed with foreign si
stances before being made into 500 gram bal
which are packed in boxes containing pog
'trash,' and covered with indigenous cotte
(C. B. 95, 798). These balls are sometin;
seen in the English market. Aceording ;
recent advices, the company has been obliged;
go into liquidation, and the cultivation h
been abandoned (Ph. [3j 21, 87). Opium k
been collected in Algeria in small quant:
since 1828 (Ph. [1] 15, 348). A dried spe;
men examined by Guibourt contained ff
p.c. of morphine (J. 1862, 374 ; Auberge
found 1-5 to 17-8 p.c. (A. Ch. [3] 20, 303).

Australia.—The production of opium cor
menced about 1868, and the first specime
reached this eountry from Victoria, and n
examined by Morson in 1869. It containe:
aceording to Hood, 2 p.c. of morphine and
p.c. of nareotine (Ph. [3] 1, 272). Specims
containing 4-2 to 7'1 p.c. of morphine ®:
sent to England in 1870. They were produceii
the village of Sunbury, near Melbourne (Hok
About this time the cultivation was comment:

in Gippsland, and opium containing 9 p.c. :
morphine, 4 p.c. of nareotine, and 6 p.c. ofn:
conic acid, was obtained (Ward, Ph. [3] 1,513
The Toowoomba district in Qneensland é
furnished some good specimens (Ph. [3] '.
972).

Aceording to later reports, November 131
the chief part of colonial opium in the Mi
bourne market cornes from the Baechus IlSrÉ
district, where the cultivation had been carrél
on for some eighteen to twenty. years. Tt •
sowing takes place at three periods,.about tl
first week in May, the second or third week r
June, and the latter part of July, By tï
means parts of the crop mature in successii:
The average yield is 15 to 25 lbs. to the aci
but in a good season as much as 30 to 40 lbs.x-
obtained. In Europe the average yield to tt
acre is 25 lbs., and in India 30 to 40 lbs. Whc
the capsules are ready, two incisions are mai
horizontally, half-way round, and the juit
which exudes is collected the next morning. 1
few days later other incisions are made, uni
the capsule is exhausted. The opium is mat
pulated into balls and carefully dried. I:
quality it approximates to the product of As:.
Minor. A recent specimen gave 11-5 of mo:
phine from the dry drug. Another from Queei-
land contained 9-8 p.c. (Matthews, Austral. ï
Pharm. Nov. 1887).

Europe and Nortli America. Attemp:
have been made in most European countries.i
Greece, Italy, Spain, France, Switzerland, Ge:
many, England, and Sweden, to cultivate opiniti
and the results have shown that, providing tt
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soil seleoted is suitable, and the rainfall not
excessive, it is possible, in ail these countries,
to produce opium equal to that of Asia Minor.
The most important European experiments liave
been conducted in France. A product called
* affium ' bas been made at Clermont-Ferrand,
which is said to contain uniformly 10 p.c. of
morphine ; but it has not become an important
article of trade (Fl. a. H. ; Aubergier, Ph. [3]
15, 693). Some interesting investigations hâve
been made in the neighbourhood of Amiens,
where specimens of dry opium were produced
containing 16 and 20 and still higher percentages
of morphine. It was observed by Descharme
that the morphine diminished when the juice
was slowly dried, and the peculiar odour of the
drug is ascribed to a species of fermentation
(J. Ph. [4] 6, 222). Guibourt found the per-
centage of morphine in French opium to vary
from 12T to 22-8, the latter being the highest
proportion of morphine everrecorded (J.Ph. [3]
41,184 a. 201). Other analyses of French opium
give 17'6 p.c. (Descharme, C. E. 40, 34) ; 17-5
(Chevallier, Fl. a. H.) ; 8-2 (Eoux, J. 1855,717) ;
11*1 to 11*9 (Petermann, J. 1866, 704). German
opium from Erfurt contained 16-6 and 20 p.c.
(Biltz, Gm. 16, 415) ; from Wurtemberg, 12 to
15 p.c. (Hesse, Fl. a. H.) ; and from Silesia, 9 to
10 p.c. (Hesse).

Experiments in North America lead to the
same results as in Europe. Specimens from
Vermont contained 15-75 p.c. of morphine
(Procter, Am. J. Pharm. [3] 18, 124) ; from
Illinois, 8-75 p.c. (Kennedy, Am. J. Pharm. [4]
1, 6) ; and from California, 7'75 p.c. (Maisch,
Am. J. Pharm. [4] 3, 103).

Chemical constituents. The important
chemical constituents of opium may be divided
into alkaloids, neutral compounds, and acids.
For full particulars of ail of these see under
their respectiveheadings, also Vegeto-alkaloids.
There are in opium nineteen, or perhaps twenty,
alkaloids:—(1) Morphine, C]7H,9N03,H20 or
Cl7H17N0(OH)2,H2O the most important con¬
stituent of opium. Its diseovery and the pro¬
portion in which it occurs in opium have been
already given. It is crystalline and forms crys-
talline salts. (2) Codeine, morphine methyl
ether, Cl8H21N03,H20 or C]7H17NO.OH.OMe, was
discovered in opium by Robiquet (A. 5, 106) and
may be prepared by the action of methyl iodide
on morphine. It melts at 155°. Percentage
in Smyma, French, or Indian opium, 0-2 to
0-4 (Ph. [2] 7, 183). (3) Hydrocotarnine
(C12H]5N03).,H,0 occurs in small proportion in
opium (Hesse, A. Suppl. 8, 326) and is formed by
the oxidation of nareotine (Beckett a. Wright,
C. J. 28, 577). (4) Thebaïne, C,„H21N03 or
Ci7H]5NO(OMe)2 was isolat.ed by Thibouméry
(Pelletier, J. Ph. [2] 21, 569). Turkey opium
contains about 1 p.c. _ (5) Pseudomorphine
C34HS6N20G,3H20 (Pelletier a. Thibouméry, J. Ph.
[2] 21, 575) occurs in opium to the extent of
0-02 p.c. or even less. (6) Godamine, C20H2SN04 ;
(7) Laudanine, C2|,H2sN04; (8) Laudaiwsine,
C2]H27N04, and (9) Meconidine, C2,H,3N04, which
exist in opium in minute quantities, were dis¬
covered by Hesse (A. 153, 47 a. 56 ; Suppl. 8,272,
280 a. 321). (10) Papaverine, C„0H„,NO4, or
C9NH4(OMe)2.CH2.CGH3(OMe)2 (Goldschmidt, M.
6, 667) was discovered by Merck in opium

(A. 66, 125 ; 73, 50). It exisls to the extent of
about 1 p.c. (11) Lanthopine, C29H25N04
(Hesse, A. 153, 57; Suppl. 8,271). (12) Protopine
C20Hl9NO5 (Hesse, A. Suppl. 8, 318) and (13)
Cryptopine, C21H23NO, (T. a. H. Smith, Ph. [2]
8, 595 a. 716) are found in opium in very small
proportions. (14) Nareotine, C^H^NO,. The
diseovery of this base has been already referred
to. It exists free in opium and may be ex-
tracted by benzene in which morphine is in¬
soluble. Turkey opium usually contains 1 to 2
p.c. but East Indian and Persian opium often
contain much more nareotine than morphine.
In some specimens the proportion reaches 10
p.c. It is crystalline, melts at 176° and forms
salts with difficulty. (15) Bhœadine, C21H2,NOG,
a base found in the Papaver Bhceas (Linn.),
probably occurs in opium in minute quantity
(Hesse, A. 140, 145). (16) Oxynarcotine,
C22H23N08 (Beckett a. Wright, C. J. 29, 461).
(17) Narceïne, C23H2SN09,2H20, was discovered
by Pelletier in opium in which it is found to
the extent of 0-02 to 0-1 or even 0-7 p.c. (A. Ch.
[2] 1, 262). It consists of long eolourless
prisms which lose water at 100° and melt at
145° with formation of a new base (Hesse, B. 7,
105). (18) Gnoscopine C34H36N20„ (T. a.
H. Smith, Ph. [3] 9, 82). (19) Tritopine,
C42H34N207 (Kauder, Ar. Ph. 228, 419). (20)
Papaverosine, a base found in poppy capsules
by Deschamps (J. 1864, 446) but not hitherto
detected in opium. With the exception of mor¬
phine and nareotine the remaining bases do not
occur in opium to a greater extent together than
2 p.o. and generally not more than 1 p.c.

The neutral compounds are :—(1) Meconin,
C10HigO4 discovered by Dublanc (A. Ch. [2] 49,
5) but more completely studied by Couerbe (A.
5, 180). It may be obtained by the oxidation of
nareotine (Anderson, A. 86, 191 ; 98, 44) and is
formed in other reactions. It is an inner an¬

hydride CGH2(OMe)2.CH2.COO (Hessert, B. 11,
257). (2) Meconiosin, C3H,0O2 or perhaps
CGH2(Me)2(OH)2. It is crystalline, melts at 88°,
and was found byT. a. H. Smith in the mother-
liquor from the préparation of meconin (Ph. [3]
8, 981).

The diseovery of Meconic acid C7H407,3H20
has already been mentioned. It is a tribasic
acid forming primary, secondary, and tertiary
salts. Heated to 100° it loses its water of
crystallisation, and at 120° to 200° it breaks up
into carbon dioxide and comenic acid C0H4O:1,
and at a higher température into another molé¬
cule of carbon dioxide and pyromeconic acid,
C5H403. Meconic acid occurs in opium to the
extent of 3 to 5 p.c. in eombination with mor¬
phine, and perhaps with other bases. The
' thebolactic acid ' of T. a. H. Smith (Ph. [2] 7,
50) has been shown by Stenhouse (Watts' Dict.
lst ed. 5, 759) and Buchanan (B. 3, 182) to be
identical with lactic acid. Turkey opium con¬
tains, according to T. a. H. Smith, 2 p.c., but it
is probably not an original constituent of the
poppy-juice (Fl. a. H.).

The less important constituents of opium
represent three-fourths of its weight. Water
exists to a very variable extent. Turkey opium
contains on an average 12-5 p.c. The Bengal
opium sent to China is made to contain
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72 OPIUM. I
uniformly 30 p.o. About 50 p.o. of opium is
composed of a gum, having properties distinct
from gum arabie, pectin, albumen, and frag¬
ments of capsules. Sugar is présent in French
opium to the extent of 6-5 to 8'0 p.c., and is said
to be uncrystallisable. Of that part of Turkey
opium insoluble in water, 6 to 10 p.c. is com¬
posed of wax, pectin, and insoluble calcium
salts. The wax, which exists in the juice as an
emulsion, is a mixture of cerotyl palmitate, and
cerotyl cerotate (Hesse, B. 3, 637). Vermont
opium oontained 11 p.c. of caoutchouc (Procter).
The colouring matter and a pungent volatile
substance, which is removed by benzene or
acetone, have not been examined. Opium leaves
4 to 8 p.c. of ash consisting chiefly of sulphate
and phosphate of calcium and magnésium.
Poppy-juice contains no starch or tannin. The
presence of these substances in opium is there-
fore an indication of adultération.

Microscopic examination of opium and the
constituents extracted by solvents (Deane a.
Brady, Ph. [2] 6, 234 ; 7, 183). Analyses of
opium by Mulder, Schindler, Biltz (Pereira,
Mat. Med. 1853, 2, 2097). Examples of recent
analyses : Persian opium (W. D. Howard, Ph.
[3] 6, 721) ; Australian opium (Ward, Ph. [3] 1,
543 ; Matthews, Austral. J. Pharm., Nov. 1887) ;
Vermont opium (Procter, Am. J. Pharm. [3] 18,
124) ; Flûckiger (J. 1869, 797 ; Ph. [2] 10, 208).

Physiological action and uses.—Opium is
without doubt the most important remedy avail-
able for use in medicine. Its action on man is
chiefly on the brain, producing sleep. In doses
of a grain or less, a stage of slight excitement
supervenes during which the individual can
control his energies. In 1 to 2 grain doses the
stage of excitement is short and is succeeded by
deep sleep, after which there is nausea and
headache. If large doses of 3 grains or more be
administered the excitement is very short and
is followedby sleep which becomes more and more
comatose until the patient cannot be aroused.
If death takes place the respiration ceases first.
Opium is used for the alleviation of pain, either
generally or locally, for the production of sleep,
or for reducing the irritation of various organs.
Its speoial applications in the treatment of
disease are almost endless (cf. Brunton, Pharm.
Therapeut., 1887, 852).

The action of opium in stimulating and then
depressing gives rise to the desire to repeat the
dose. In this way the habit of ' opium eating '
is contracted. The worst effects of opium are
thus obtained. It dérangés the nervous System,
and impairs the intellectual and moral and
finally also the physical powers. De Quincey's
description of his own experience is well known.

But by far the largest quantity of opium is
used for smoking. The habit is believed to
have originated in Persia, but it is in China
where it prevails to the greatest extent at the
présent day, wbere, indeed, its use appears to be
almost as widely diffused as the use of tobacco
in Europe. Eor smoking the opium undergoes
a process of préparation which is a business in
itself. In Hong Kong, according to McCallum,
the opium is extracted by boiling with water and
the clear solution is evaporated until it attains
the consistence of treacle (Ph. [3] 11, 229 ; 12,
446). The Chinese in California first put the

opium through a sériés of roasting procès*
which are said to destroy its stickiness and rende
it more easily extracted by boiling withwate
(Calvert, Ph. [3) 120, 148). The Chinese i>.
cognise four varieties of opium:—(1) Eiï
opium ; (2) Prepared opium, the treacly extra;-
deseribed; (3) Opium ' dross,'the scrapingsc
the opium pipe, which are said to be strong, hoi
of inferior flavour ; (4) Opium ' dirt,' the es-
hausted marc after extraction with watel
(McCallum).

The whole opération of opium-smoking i,
deseribed in a letter which accompanied j;
opium-smoker's set of apparatus in 1882 froo
Canton to Kew. The pipe has a flat bowl mai
of métal with a very small opening. A drop il,
the soft opium is taken on the point of a ' dip.
per ' and dexterously roasted in the flame of i
little lamp until with constant burning it has tl-
appearance of burnt worsted. Then, first ivam-
ing the bowl of the pipe, the drug, about tki
size of a hemp-seed, is placed about the open-
ing in the bowl, the pipe taken in the moud
and the opium ignited. The smoke is parti;
swallowed or inhaled and partly exhaled by tfc
mouth and nose. The préparation for smoking
oecupies 5 or 10 minutes, but the aetual smo" '
only about 30 seconds (Sampson, Ph. [3] 11,
22).

The physiological action of opium sm
in this way is clearly quite différent fromwhatii
is when taken in the stomach. It is notewortlj
that those opiums most highly prized foi
smoking contain a small percentage of mor¬
phine. It would seem that, netwithstandingt!:'
serious view of the effects of opium-smoking!
taken by the Chinese Government and held kr
many Europeans, the habit is not more in-
jurious than the use of other stimulants. Opium
in the East seems to perform the same fonction:
that alcohol does in the West, and, as far ascan
be aseertained, with about the same good ail
bad effects (cf. Birdwood, Ph. [3] 12 , 500;
Spence, Ph. [3] 13, 226 ; McCallum, Ph. [3] 11,
27 ; James, Ph. [3] 18, 280). A. S.

OPOBALSAM v. Olf.o-iîesins.
OPODELDOC. Linimentum Saponato-can-

phoratum. A solution of soap, camphor, ail
volatile oils in alcohol, used externally in
rheumatism, sprains, &c.

OPOPANAX or OPOPONAX v. Guh-resks.
ORANGE, CHROME, v. Chkomium.
ORANGE, CROCEÏN v. Azo- colodp.ks

mattebs.

ORANGE, GOLD v. Azo- colouring mattebs.
ORANGE M v. Azo- colouring hatteks.

ORANGE, MANDARIN, v. Azo- colouiîkô
mattebs.

METHYL, v. Azo- Colomb)ORANGE
mattebs.

ORANGE, NAPHTHOL, v. Azo- coloep.es
mattebs.

ORANGE OCHRE. Burnt Roman ochrl
v. Pigments.

ORANGE OIL v. Oils, essential.
ORANGE, PALATINE, v. Palatine oba»
ORANGE RBSSET. Rubens madder t.

Pigments.
ORANGE, SALICYLIC, v. Salicylic yellot.
ORANGE YELLOW v. Azo- colombs

mattebs.
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ORAOGEITE v. Thoeium.
ORCEÏN v. Orcinol, art. Phénol and its

homologues.
ORCHELLA WEED v. Aechil.
OECHIL v. Akchil.
ORCHIL STJBSTITUTE v. Azo- coloueing

matters.
ORCIN v. Orcinol, art. Phénol and its homo¬

logues.

OECINOL v. Phénol and its homologues.
OECINOL PHTHALEÏN v. Phthaleïns.
ORDEAL BEAU. Calabar Bean, Physo-

stigma, Eseré Nut ; Fève de Calabar, Fr. ; Kala-
barbohne, Ger. The seeds of the Physostigma
venenosum (Balfour, T. E. 22, 305), a climbing
plant, inhabiting the banks of the Niger and Old
Calabar rivers near their mouths, in Western
Atrica (cf. Bentl. a. T. 80, and, for an allied
species, Holmes, Ph. [3] 9, 912). The plant has
a woody stem, and ascends to a height of fifty
feet. The seeds are exceedingly poisonons, a
property known to the natives in the neighbour-
hood of the Gulf of Guinea, by whom they are
administered as an ordeal to be undergone in
cases of suspected witchcraft. Daniel, about
1840, introduced ordeal bean into Europe (N. Ed.
P. J. 40, 313), and its physiological action was
examine! by Christison (Ph. 14, 470). It
causes a marked contraction of the pupil of
the eye, and on this account is much used in
ophthalmic medicine. With regard to the an-
tagonism between ordeal bean and belladonna,
v. Bennett (Brit. Med. J. 1875, 4G4). It is given
in cases of poisoning by strychnine, and gene-
rally in tetanus and chorea (cf. Fl. a. H. 191).

The physiological activity of ordeal bean
dépends chiefly upon the presence of the alka-
loid physostigmine C15H21N302, discovered by
Jobstand Hesse (A. 129, 115). The ' eserine' of
Vée and Leven (J. Ph. [4] 1, 70) is doubtless the
same compound. To obtain it the seed is ex-
hausted with alcohol, and the alcoliol removed
from the solution by distillation. The residue
is mixed with sodium bicarbonate and extraeted
with ether. The ethereal solution is shaken with
water containing sulpburic acid, and the acid
solution of alkaloidal sulphate is treated with
excess of sodium bicarbonate. Ether now ex¬

tracts the physostigmine and yields it as a brittle
varnish on evaporation (Hesse, A. 139, 82).
Petit shakes the last ethereal solution with
water, containing just sufficient sulphuric acid
to neutralise the alkaloid. In this way, after
removal of the ether and evaporation, crys-
tals are obtained of neutral sulphate of physo¬
stigmine (J. Ph. [4] 14, 255).

Physostigmine is tasteless but exceedingly
poisonous. It forms colourless or pinkish
crystals which melt at 45°. It is soluble in
alcohol, ether, benzene, carbon disulphide, and
chloroform ; but is only sparingly soluble in
water. It oxidises readily, especially when moist,
at 100°, a compound being formed which gives a
red colour with acids. Chlorinated lime also
gives a red colour reaction with physostigmine.
The alkaloid in solution précipitâtes ferrie
chloride, and combines with acids to form salts.
Besides the sulphate, the hydrobromide (Du-
quesnel, Ph. [3] 5, 847 ; Ph. [3] 12, 825) and
salicylate C7H0O3, C15H21N302 (Merck, Ph. [3]
9, 976) have been obtained in crystals. Most

alkaloidal reagents precipitate physostigmine.
The compound with potassio-mercurie iodide
C|5H21N302,HI,HgI2 is white, insoluble in water,
but soluble in alcohol, from which it may be
obtained in crystals which melt at 70° (Hesse).
When the alkaloid is neutralised with dilute sul¬
phuric acid, and an excess of ammonia added,
and the mixture evaporated to dryness, a magni-
ficent blue residue remains. -The blue compound
is soluble in water and alcohol, and may be crys-
tallised from these solvents in elongated prisms.
If to a solution of the base in water ammonia be
added and the mixture be evaporated at 100° a
bluish residue remains, which on the addition of
an acid becomes beautifully dichroic blue and
red (Petit, C. E. 72, 569 ; J. C. Umney, Ph. [3]
20,1061).

According to Harnack and Witkowsky (Ph.
[3] 8, 2), ordeal bean contains a second alkaloid,
calabarine, which differs in its solubilities and
its physiological action from physostigmine ; in-
deed, it appears in the latter respect to resemble
strychnine. Another compound, phytosterin
C26H|,0,H20, has been isolated in a definite form
by Hesse (A. 192, 175). It would seem to be a
homologue of cholesterin. It consists of brilliant
tabulai' crystals, which melt at 132°-133°, and is
extraeted from the seed by petroleum ether (cf.
MacEwan, Ph. [3] 17, 641). By acting on phy¬
sostigmine with redueing agents, Eber (Ph. [3]
19, 161 and 345) has recently obtained a com¬
pound eseridine G,SH23N303, which is said also
to be a constituent of the seed. It libérâtes
iodine from hydriodie acid. By treatment with
acids it is reconvertible into physostigmine.

For estimation of alkaloids in ordeal bean by
means of Mayer's reagent v. Masing (Ar. Ph.
1877, 310). Gravimétrie metbods (Gibson, Ph.
[3] 15, 593; MacEwan, Ph. [3] 15, 594; 17,
642). A. S.

OEEIDE. An alloy of a brilliant-yellow
colour, resembling gold, made by taking copper
100, zinc 17, magnesia 6, sal ammoniac 3'6, lime
1-80, and tartar 9. The copper ismelted and the
other materials are added in small portions at a
time, and the fused mass is skimmed and kept
melted for about half an hour. The alloy has
a fine grain, is malléable, takes a most brilliant
polish,andif it tarnishes its lustre i3 restored by
acidulated water (Ure).

ORELLIN. A yellow eolouring matter con-
tained in annatto, which is derived from the
fruit capsules of Bixa Orellana. Soluble in
water and alcohol.

ORICHALCUM. A form of brass in use

among the ancient Greeks and Romans.
ORIENTAL EMERALD. The name given to

the green sapphire.
ORIENTAL TOPAZ. The name given to the

yellow sapphire v. Aluminium.
0RIGANUM OIL v. Oils, essential.
0RM0L1J v. Mosaic gold.

ORNITHITE. A tricalcic phosphate
Ca;lP20s.2H20, found in monoclinic crystals in
guano ; v. Calcium.

ORPIMENT. Arsenic sulphide v. Aesenic.
ORRIS ROOT is the dried rhizomes of Iris

florentina, I. pallida, and I. germanica. It is
characterised by a pleasant aroma, and appears
to be slightly detergent and antiseptic. It is
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employed in the préparation of violet-powder and
dentifrices.

ORSEILLINE v. Azo- colouring matters.
ORTHITE v. Cericm metals.

ORTHOCRASE. Gommon potash felspar v.
Felspar.

ORTHOCYMOPHENOR v. Phénol and ixs

homologues.

ORTHO-NITRO-FHENYR-PROPIORIC ACID
v. Indigo.

OSAZONES. A term given by E. Fischer to
compounds of phenyl hydrazine with the sugars
(v. Hydrazones).

OSMIRIDIUM v. Platincm metals.

OSMITOPSIS, OIL OF. Osmitopsis Asteris-
coïdes, an aromatic plant of the order of Com¬
posites, growing in South Africa, yields a greenish-
yellow oil of a burning taste and aromatic smell.
Appears to be isomeric with borneol and oil of
cajeput.

OSMIUM v. Platinum metals.

OSTEOLITE v. Calcium.
OTTO or OTTAR OF ROSES (v. also Attar of

roses, vol. i.). The most important centre of
the production of otto of rose is in the région of
the Balkan Mountains, and ineludes about 150
villages situated in the two valleys of Toundja
and Strema, affluents of the river Maritza. These
two valleys run from west to east, and lie between
the Great Balkan chain on the north, and the
Svedna Gora mountains on the south, the ex¬
trême points where rose culture is carried on

being Koprivchitza on the west, and Twarditza on
the east. The best ottois obtained on the southern
slope of the Balkans. Here the climate is tem-
perate, but the variations in température are
sudden and fréquent. The ground is sandy and
porous, as a rule ; where this is not the case, and
water accumulâtes, roses are killed by the frost
or by fungi, which attack the roots. Although
the rose cultivation extends over a large tract of
country, it is nowhere conducted on a large scale
by any one individual, but is divided into a large
number of small plots belonging to small pro-
prietors. The dealers live in the towns, and,
although they sometimes buy the flowers aud
distil the oil, they rarely cultivate the roses, and
then only to a small extent.

The roses are grown in long borders or plots
100 or 200 mètres long, the plants attaining the
height of a man. Between the plots a space of
1^ to 2 mètres is left, so as to allow of a cart
passing along between them.

Two roses are usually cultivated, a red and a
white one, specimens of which, gathered in the
Hejanlik plantations, have been identified by
Blondel. The red one proved to be a branching
form of Bosa damasccna, and the white one Bosa
alba.

The Bosa alba is employed to form a dividing
line between the différent plantations, and is also
grown at the end of each plot, so as to présent
only roses of less value to the peasant, who would
otherwise steal the more valuable red rose ; it is
not used, as a rule, for distillation. Dishonest
cultivators, however, take advantage of the fact
that when distilled it yields a product rich in
stearoptene (although of poor fragrance), to mix
it with the red rose, and thus obtain an otto
which will bear dilution with Turkish oil of gé¬
ranium (oil of Andropogon Schœnanthus, L.).

1
In May of the second year the rose treesanE-

about 2 feet high, and yield suflicient flowers fc
pay the expense of their cultivation up to thil
date. The next year they are in full bearing, an;
the maximum product is obtained when they an I
five years old, although the plants will live mord
than 20 years. At 10 years of âge they are,hoi-
ever, usually eut level with the ground, nei
branches, and even flowers, appearing the nesi
year. The flowers commence to expand betweei
May 20 and 28, and they are collected daily SI
June 15 and 20. The collection commencer
every day at dawn, for an opening flower-bn;
left till next day will then have lost itsfragrana|
and its colour.

The contents of the basket are weighed in tht
field, paid for, and emptiedinto sacks, which an [
carried at once to the distillery. If the white
roses are présent in too large proportion they an
paid for separately at a lower price. The stilh
are usually placed in sheds near the river, for
the convenience of obtaining a good supplyo!
water, and in some cases are let by the proprie.
tors at the rate of 4 francs per still. The still;
are of copper, and are made to contain 75 litres
of water and 10 kilos, of flowers. The latterare
introduced by means of an osier basket, and the
stills are heated with long logs of wood lighted
at one end placed under the still. After a time,
if steam cornes out of the refrigerating tube, the
fire is moderated, and when 10 kilos, (two flasks)
of rose-water have distilled over, the fire is re-
moved by withdrawing the burning logs. The
still is opened, the contents strained through
the osier basket, and the water remaining in the
stills saved for the next distillation. If the opé¬
ration is continued until 15 kilos, of rose-water
is obtained, the otto is of inferior quality, and
contains more stearoptene.

The rose-water is then submitted to distilla¬
tion a second time, 40 litres being distilled at i
time, and only 5 litres collected. The vesselsin
which it is received have the shape of a long-
neeked flask, and the water is at first milky, lit!
an emulsion, the oil floating after a time in the
neek of the flask. It is removed by inserting i
conical tin funnel about two centimètres long,
furnished with a slender handle, and having a
capillary orifice. It is dipped below the surfact
of the otto, and when a drop of oil on raisingtfe
funnel appears at the orifice it is emptied quictl;
into a spécial flask.

About 3,000 kilos, of flowers are caleulatel
to yield a kilo, of otto, and this quantity ci
flowers is the usual yield per hectare, so that il
may be considered that a hectare of roses yields
a kilo, of otto. The adultération of the otto
takes place chiefly by the addition of oil of rose
géranium (Andropogon Schœnanthus), where the-
congealing point is lowered from 15° or 16° H.
to 14°, 13°, or 12°, and even lower. The purcliaser
of otto generally brings with him a basin and
thermometer, and having obtained the desired
température by mixing warm and cold water, and
testing the température with the thermometer,
inserts a flask containing 15 grms. of the essence
to be tested. In about three minutes crystalline
needles appear, and in ten minutes the otto is
solid enough for the uncorked flask to be reversed
without spilling a drop. The price varies ac-
cording to the degree of congealing-point, that
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below 12°B. being openly sold at a spécial rate.
The average production of otto of rose in Bul-
garia is about 3,000 kilos, in good years, and
1,500 kilos, in bad ones.

The pensants are paid according to the season
at the rate of '32 to -23 fr. per gramme for otto
of standard purity. The flattened circular métal
bottles in which it is exported contain 400 grms.,
1 kilo., or 2j kilos., and the price of the pure
essence is 800 to 900 fr. per kilo., according to
the season. The bottles are generally enveloped
in felt. When the essence is freshly distilled it
bas a slight empyreumatic odour, possibly due to
the fact that the water in the stills at the end of
the day, having served for several distillations,
lias dissolved vegetable salts, and boils at a tem¬
pérature distinctly above the boiling-point of
pure distilled water. Otto of rose is also said to
be produoed in notable quantities in Asia Minor,
at Broussa, Bourgas, and elsewhere, by emigrants
from Boumelia.

In Provence the cultivation of the rose is at
the présent time a flourishing industry, and the
otto prepared in that district is considered su-
perior to the Bulgarian product ; it is obtained
from Bosa ccntifolia (a specimen of the plant
used from Grasse having been determinedby Dr.
Blondel). This rose flowers there in April and
May. Bose-water is sometimes distilled from the
yellowish tea-rose known as safrano, which
flowers in autumn and winter ; but the water is
very inferior, and the otto obtained from it is
still more so, and unfit to mix with that of B.
ccntifolia.

The cultivation of Bosa ccntifolia is carried
on chiefly around Grasse, Cannes, Nice, and Va¬
lois, by peasant proprietors, who sell the flowers
to the distillers in the towns. The chief use of
the roses is for making rose pomade, only a
small quantity, comparatively speaking, being
distilled for the otto. The flowers are distilled
in large stills, such as are generally used for
spirit, some holding as much as 150 kilos, of
flowers. Often one refrigerator receives the
condensing pipes of several stills.

Usually 50 kilos, of flowers and 300 litres of
water are placed in the still at one time, and 100
litres are distilled over, the first 25 being the
richest in oil, and known as eau double de rose.
The next 30 are of médium and the remaining
45 of inferior quality. The oil which floats is
collected by means of a Florentine receiver. The
yield of otto is small, 100,000 kilos, of flowers
giving only a kilo, of otto, and the price is about
1,000 francs per litre ; the average price of the
rose-water is 2-60 francs per litre.

In Germany roses have been distilled for
about five years in the neighbourhood of Leipzig,
about six hectares being at présent under culti¬
vation. The species employed is Bosa ccntifolia,
and the amount produced in 1887 was 3,000
litres of rose-water and 2 kilos, of otto. The
latter congeals at 20°C., and contains 32J to 34
p.c. of stearoptene, which is in excess of that
in Bulgarian otto. Indeed, the proportion of
stearoptene présent in otto of rose is always
greater in cold countries.

Formerly otto of rose used to be adulterated
by mixing it direct with oil of ginger grass, but
now the flowers are sprinkled with the oil when
placed in the retort. The odours under these

circumstances amalgamate better, and during
the distillation the proportion of waxy (cireuse)
matter that passes over is larger, so that otto
thus obtained may solidify at 14°, even when
containing 25 p.c. of oil of ginger grass. In
this case, however, the otto appears muddy, and
does not présent the sparkling crystals cha-
racteristic of pure otto. The odour also is easily
detected by an expert. Bromine turns pure
otto of rose of a green colour, but is itself
decolourised by oil of ginger grass, and if a few
drops of liquor potassœ are subsequently added,
an apple-green precipitate in viscous clots is
formed in a colourless liqnid, and the odour of
roses is not altered; but if adulterated with
ginger-grass oil a yellow milky precipitate is
obtained in a reddish liquid, and a disagreeable
odour is given off. This test, however, is quali¬
tative rather than quantitative.

The presenee of spermaceti or paraffin in
otto is detected in Bulgaria by rubbing the small
test-bottle of otto, containing about 15 grms.,be-
tween the hands, when the essence rapidly liqué¬
fiés, since a température of 18°C. suflices,whereas
parailin does not melt until 32°-50° and sper¬
maceti at 46°C., and these remain undissolved
at the bottom of the bottle.

Experiments made by Blondel show that
pure otto of rose has some physiological effect.
In the dose of five, or even of two, drops, it
produced eramp of the stomaeh in the absence
of food. Taken after a meal it seemed to stimu-
late the digestive functions at first, but doses of
ten or twelve drops appeared to have an opposite
action, and caused marked flatulence. The only
général effect notieed was a marked tendency to
sleep. A guinea-pig into which a cubic centi¬
mètre of otto was subcutaneously injected died
in four days after a state of profound torpor
lastingforty-eighthours. The only effect notieed
in a post-mortem examination was a slight con¬
gestion of the méningés. In some persons the
odour of the rose produces headache, and in
rare cases severe symptoms which are probably
due to idiosyncrasy. The oil of Andropogon
Schœnanthus, or Turkish oil of géranium, used
to adulterate oil of roses, produces similar symp¬
toms, but in a higher degree.

With regard to the portion of the flower
in which the otto is formed, observations made
under the microscope indicated that it is secreted
by the epidermal cells. Other experiments show
that these cells also contain fixed fatty matter,
since when the petals are distilled until wholly
deprived of odour these epidermal cells are still
blackened by osmic acid, and yield to ether a
fixed fatty substance. But the fresh petals
treated directly with ether, and thus deprived
both of fixed oil and essential oil, still show the
blackened epidermal cells when treated with
osmic acid, but with a bluer tint in them. This
is due to tannin, as may be proved on a section of
the fresh petal hy the use of acetate of iron.
When the petals are deprivedof their essential oil
by distillation, of their tannin by boiling water,
and their oil by ether, the epidermal cells no
longer beeome blackened by osmic acid. There
is, therefore, every reason to suppose that the
chemical changes by which the otto is produced
take place in the epidermal cells, or, in other
words, that they are not spécial réceptacles of
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sécrétion, but secreting cells. The epidermis of
the anther does not contain otto, but it is con-
tained in small quantity in that of the filament
and on the stigmatie surface and groove, though
not in that of the ovary or style (R. Blondel,
Les Produits Odorants des Rosières, Paris, 1889,
and Pharm. J. 1890, July 5, 3-5, S. C. I. 9,1149).

According to Markownikoff (B. 23, 3191), the
stearoptene which separates from rose-oil melts
at 36'5°, and has ail the properties of a paraffin.
It is perfectly odourless, and has no influence on
the commercial value of the oil. The elœoptene
consists of a mixture of two bodies, C,„H20O and
C10H,sO, of which only one, forming the bulk of
rose-oil, possesses an alcoholic nature (S. C. I.
10, 63).

0UABAÏ0. The poison of the Somalis.
Along the whole of the west coast of Africa,
especially in the country of the Somalis, oceurs
a tree used by the natives for the préparation of
their arrow-poison, and called by them Ouabaïo.
Its wood is yellowish-white, very hard and dense,
odourless, but possessing a strong bitter taste.
Arnaud has isolated from it (S. C. I. 1889, 211 ;
1888, 586) ouabaïn, C30H46O12, which has a
physiological action similar to that of stroph-
anthin, C31H48012, but which is twice as toxic,
the poisonous dose being about 0'2 mgrm. per
kilo, of body-weight (S. C. I. 1888, 765)—
Cathelineau, J. Pharm. Chem. 1889,436 ; S. C. I.
9,101.

OUTREMER. Ultramarine (g. v.) ; also Pig¬
ments.

OXALIC ACID CJI20„ or j
This acid occurs as the acid potassium sait

in wood-sorrel, garden rhubarb, and many other
plants. As calcium oxalate, it occurs in many
lichens and in certain urinary calculi, and in the
free state is found in Boletus igniarius and in
the juice of the chick pea.

It is obtained as an alkaline sait when an

alkaline formate is gently heated, and as the
ammonium sait when an aqueous solution of
cyanogen is kept for some time. The sodium sait,
is produced by passing carbon dioxide over
sodium heated to 360°. The free acid is one of the
principal products of the action of nitric acid
and other oxidising agents on organic matter.

Préparation.—In the laboratory, oxalic acid
may be obtained by gradually adding 8 parts
of nitric acid of sp.gr. 1-38 to 1 part of white
sugar or starch, heating the mixture to boiling,
and evaporating to about one-sixth the original
bulk. The crystals obtained on cooling are
recrystallised. If stronger acid be used the action
is liable to become unmanageable.

This process was formeriy employed on the
manufaeturing scale, but has now become super-
seded by a process consisting in the fusion of
sawdust with potash. Starch, straw, bran,
and other vegetable matters may be similarly
treated, but the best results are obtained with
sawdust, fir, pine, poplar, and other soft woods,
giving better results than hard woods, such as
oak and beech. In order to obtain a finer pro-
duct the sawdust is sometimes (as in one of
Dale's patents) treated with an alkaline lye to
remove resinous and like bodies before fusion.

The largest yield is produced when the alkali
employed is potash, but nearly equal results are

obtained by the use of a proper admixture of
potash and soda. The proportions employed by
différent firms vary considerably, and are usually
kept secret. It is stated by Flack that potash
and soda are employed in the proportion of
3 to 2 by Messrs. Koberts, Dale & Co., the
pioneers of the sawdust process, while othcrs
state that they and Kuhnheim employ equal
proportions. Sometimes as much as 2 parts of
soda to 1 of potash is used. It is found thaï
soda cannot be employed alone.

In the process employed by Roberts, Dale A
Co., one part of sawdust is mixed with a eaustie
alkaline lye of sp.gr. 1*35, containing two or
three parts of the mixed alkalis or of potash,
and having been well mixed, is spread in thia
layers on iron plates, heated by a flue beneath
and exposed above to the air. After the mass
has become dry, it swells up and evolves in-
flammable gas consisting of hydrogen, hydro-
carbons, and vapours of a peculiar aromatic
smell. After two or three hours the mass has
acquired a darlc-brown colour, and has become
entirely soluble, but only contains from 1 to
4 p.c. of oxalic acid. Tinally, however, after
about six hours, a white or greyish mass is
obtained which contains about 20 p.c. of the
anhydrous acid. The température is not allowed
to exceed 250°, or a considérable amount of
oxalic acid may be lost. On this account it is
impossible to décomposé ail the humus-like
bodies produced at the commencement of the
reaction, so that the mother-liquors require
fréquent régénération.

In another process, a quantity of lime is
slaked on the lye before mixture with the saw¬
dust, and the heating is conducted on the bed of
a reverberatory furnace with fréquent raking to
render the action uniform. The porous product
consists mainly of calcium oxalate and alkaline
carbonates, which may be lixiviated out, le-
causticised and used again. The calcium oxal¬
ate is decomposed by dilute sulphuric acid as
described below.

The alkaline oxalates obtained by the first
process may be treated with a small quantity
of water to remove ail the soluble substances
except the sodium oxalate, or the whole may be
dissolved in a minimum quantity of water,
concentrated to 38°B., and allowed to crystal-
lise. If too little alkali has been employed, the
mother-liquor is so thickened by humus-like
bodies as to interfère with the formation of the

crystals and with their séparation therefrom.
In a properly conducted opération, the mother-

liquor is almost free from oxalates. It is re-
causticised, mixed with alkali to make up it
strength, and used again, but the amount of
organic matter then contained precludes its
further use. It may then be concentrated to
40°B., mixed with enough sawdust to absorb it,
and roasted on plates in a reverberatory furnace
suflficiently to destroy ail the organic matter
except a certain proportion of carbon. The
alkaline carbonates are then removed by lixi-
viation, reeausticised, and again used.

The crystals obtained are dissolved and
boiled for one or two hours with a slight excess
of lime, until a portion of the solution, after
filtration and acidulation with acetic acid, gives
no preclpitate with calcium ohloride. The soda-
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lye thus obtained is used again. The calcium
oxalate is washed once with water and filtered,
and is then placed in large lead-lined vats, and
mixed, with constant agitation, with Sulphuric
acid in the proportion of three équivalents to
one équivalent of the oxalate. The pasty mass
obtained is reduced to a thin paste with water,
and well stirred and boiled until the liquid gives
no indication of oxalic acid when tested.

The liquid is decanted, the last portions
being filtered, and is coneentrated to 15°B., re-
moved from tlie calcium sulphate which then
separates, and coneentrated to 30°B. The
inother-liquor obtained from the erystals separa-
ting on cooling is used for treating more lime.

The crude acid is usually somewhat dirty
from adhèrent mother-liquor. It is separated
therefrom by a centrifugal cleanser, washed with
a minimum quantity of cold water, and re-
crystallised.

According to Thorn (D. P. J. 210, 24, and
Ber. Ent. Chem. Ind. ii. 410), who has investi-
gated the conditions under which oxalic acid is
produced from sawdust, the greater yield is ob¬
tained with potash when thick layers of the
mixture are heated, while a mixture of potash
and soda, within certain limits, gives equally
good results when thin layers are used.

The acid cannot be purified from oxalates by
ordinary reerystallisation, but requires to be
crystallised from hydrochloric acid of 10 to 15
p.c., which retains the bases as chlorides. A
second crystallisation removes the acid. The
pure acid may also be prepared by sublimation
as described below, or by decomposingthe methyl
or ethyl ether with water.

Properties.—Oxalic acid crystallises in large
transparent monoclinic prisms of sp.gr. 1-641 at
4° (Joule andPlayfair), containing two molécules
of water.

In an atmosphère dried by sulphuric acid, it
gradually loses its water. The water is also
gradually evolved and the erystals become
opaque when heated at 60° or 70°. As the
erystals melt in their water of crystallisation at
98°, and are then somewhat difficult to desic-
cate, it is advisable to dry the erystals at the
lower températures. Saturated solutions of oxa¬
lic acid lose acid even on the water-bath. The
anhydrous acid (dried as above) may be vola-
tilised at 157°, and be thus obtained in pure
white needles. The température sliould not be
allowed to exceed 157°, as considérable décom¬
position ensues and an inferior product is ob¬
tained at 160°.

When oxalic acid is dissolved in 12 parts of
warm coneentrated sulphuric acid, the solu¬
tion gradually deposits glistening rhombic pyra¬
mide of the anhydrous acid, which rapidly
absorb two molécules of water and fall to powder.

Oxalic acid dissolves readily in water and in
2j parts of cold alcohol. It is also slightly
soluble in ether but is insoluble in chloroform,
benzene, and petroleum spirit. According to
Alluard, the solubility in 100 parts of water is
as follows

8 parts at 10° 75 parts at 60°
13-9 „ „ 20° 117-7 „ „ 70°
23 „ „ 30° 204-7 „ „ 80°
35 „ „ 40° 345 „ „ 90°
51-2 „ „ 50°

Oxalic acid is a powerful reducing agent.
The aqueous solution oxidises at the ordinary
températures in presence of peroxide of lead and
manganèse. It précipitâtes gold from solu¬
tion of the chloride, and, in sunlight, similarly
reduces platinum chloride. In presence of sul¬
phuric acid it is oxidised by potassium perman¬
ganate with production of carbon dioxide and
manganèse and potassium sulphates. - Oxalic
acid is not acted on by sulphuric acid at the
ordinary température, but when heated with the
strong acid it is decomposed into carbon mon-
oxide and dioxide without darkening the acid.
Phosphoric acid and phosphorus penta- and tri-
chloride also cause the évolution of these gases.
Chlorine is without action on the anhydrous
acid, but in presence of water it is reduced to
hydrochloric acid with évolution of carbonic
acid. Hypochlorites and chlorides of easily re-
ducible metals, such as gold and platinum, have
a similar action, which explains the reducing
action of oxalic acid on solutions of those metals.

Oxalic acid is completely converted into car¬
bon dioxide and water when heated with nitric
acid of sp. gr. 1-4 and upwards. It is reduced
by nascent hydrogen to glyoxylic or glycollic
acid.

Solutions of oxalic acid décomposé carbonates,
phosphates, chromâtes, &c., and even fluorspar.
When heated with sodium or calcium chloride,
the powdered acid libérâtes hydrochloric acid.
Potassium and sodium, when heated with the
dry acid, cause an évolution of hydrogen with
production of a carbonate, the température rising
to incandescence.

When heated with glycérine to from 70° to
90°, oxalic acid is converted into formic acid
with évolution of carbon dioxide.

The commercial acid, and alkaline oxalates
frequently contain organie matters which cause
charring when heated alone or with sulphuric
acid. Sulphates are usually présent, and lead
and other heavy metals frequently occur. Allen
has found as much as 6-3 per cent, of lead oxide
in a sample of the acid.

Oxalic acid is largely used as a ' discharge '
in calico-printing and dyeing, and for bleaching
flax and straw. It is also employed for whiten-
ing leather, for making formic acid and its ethers,
and for removing ink or iron stains from fabrics,
marble, &c. A solution of Prussian blue in
oxalic acid is employed as a blue ink. Oxalic
acid forms a constituent of sever'al dyes. It has
great cleansing power for brass and other métal,
and even for woodwork, and forms a constituent
of at least one of the reeently-introdueed soap-
compositions for cleaning metals &o.

Détection and Estimation.—Solutions of lime
salts, even of the sulphate, give précipitâtes
of calcium oxalate, readily soluble in minerai
acids but not in acetic acid, on addition to solu¬
tions of oxalates. Free oxalic acid is precipitated
by lime water and calcium acetate, but it is
better to render the solution alkaline byammonia
and acidulate with acetic acid before testing.
Pure oxalic acid and oxalates do not char when
heated alone or with coneentrated sulphuric acid.

For estimating this acid, the hot dilute solu¬
tion, free from minerai acids, or neutralised with
ammonia and then acidulated with acetic acid,
is precipitated with calcium chloride or acetate,
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or, when sulphates are présent, with calcium
sulphate. For the estimation in presence of
interfering substances, reference must be made
to standard works on analysis. After standing
for twelve bours the precipitate is filtered off and
dried, and is ignited at a dull, scarcely visible
red beat to convert it into carbonate. A little
saturated solution ofammonium carbonate is then
added to reconvert into carbonate auy of tbe
substance which may bave become causticised,
and the mass is dried and ignited sufficiently to
reruove the whole of the ammonium sait. When
the precipitate does not exceed a gram, it may
be ignited at a bright-red heat over the blow-pipe
and be weighed as oxide.

Another excellent method consists in dissolv-
ing the moist precipitate in dilute sulphuric acid
and titrating with decinormal permanganate.

This permanganate method is applicable
directly to the original substance, provided other
oxidisable bodies are absent.

Oxalates.
This extensive sériés of salts includes both

normal, acid, and double oxalates, and a class
of acid salts known as quadroxalates, and ap-
parently produced by the combination of one
molecule of oxalic acid with one molecule of
an acid oxalate. AU oxalates décomposé on
heating, the alkaline salts forming carbonates.
Only a limited number of oxalates are of teehni-
cal importance.

Potassium oxalate C204K2.2H,0 crystallises
in monoclinic prisms or pyramids, readily soluble
in water. The acid sait C,04HK is found in
rhubarb, sorrel, and other plants. It occurs
either in anhydrous, monoclinic prisms, or in
triclinic crystals containing one molecule of
water. The acid sait, which is much less soluble
than the normal sait, forms with oxalic acid
potassmm quadroxalate C204KH.C204H22H20,
which forms triclinic crystals soluble in 20 parts
of water at 20°.

Both these acid salts are sold as 1 salts of
sorrel ' or ' salts of lemon,' and are used for re-
moving ink stains, &c., and also for scouring
metals, cleansing wood, &e., for which they are
at least as suitable as the free acid.

The normal sait may be prepared by neu-
tralising the acid with potash or potassium car¬
bonate. The acid sait may be made by halving
a solution of the acid, neutralising one part, and
adding the other. The quadroxalate is similarly
prepared by neutralising one-fourth of the solu¬
tion and adding the remainder, or by adding 75
parts of potassium chloride to 252 parts of oxalic
acid, both in saturated solution. Potassium
oxalate is employed in the hot bath used in the
Platinotype process, and is also used in other
photographie opérations (v. Photogkapiiy).

Sodium oxalate C204Na2 occurs in various
plants growing in sait marshes. It and the acid
sait are prepared similarly to the potassium com-
pounds. No quadroxalate has yet been pre¬
pared. The normal sait requires about 36 parts
of cold water for solution. It separates from
hot solutions in fine glistening needles or as a
crystalline powder. The acid sait is still less
soluble.

Ammonium oxalate C204(NH4)22H20 occurs
in Peruvian guano. It crystallises in long rhom-

bic prisms readily soluble in water. The acid
sait is less soluble, crystallises in rhombic prisms
and gives a quadroxalate isomorphous with that
of potassium. These salts are prepared similarly
to the potassium salts.

Calcium oxalate C204Ca is widely clistributed
in the vegetable kingdom and is the least soluble
of the calcium salts. It occurs in rhubarl
and other plants, frequently in aggregations of
needle-like crystals. In larger proportions it
occurs in many lichens which grow on limestone,
and in certain urinary calculi. It is preeipitated
as a powder containing one molecule of water,
by addition of a calcium sait to an oxalate.
When heated to 180° it becomes anhydrous, but
it re-absorbs water when exposed to the air. The
acid sait has not been prepared.

Barium and strontium oxalates resemble the
calcium salts, but are somewhat soluble in water.
The neutral magnésium oxalate, and double
oxalates of magnésium with potassium and
ammonium but not with sodium, are known. The
acid magnésium oxalate has not been prepared.

Ferrous oxalate C204FeH20 occurs in lignite
as oxalite or humboldtine. It may be prepared
as a heavy yellow, nearly tasteless powder, almost
insoluble in cold, and sparingly soluble in hot
water, by mixture of ferrous sulphate with oxalic
acid or an oxalate ; or in fine lemon-coloured
crystals by exposure of a solution of hydrous
ferrie oxide in oxalic acid. It is also slowly de-
posited from a solution of iron in oxalic acid.
An acid oxalate appears to exist.

Ferrous oxalate is employed in neutral solu¬
tion, as a developer in photography, and is some-
times used in medicine. When heated it is eon-

verted into a very finely-divided oxide, admirable
as a rouge for optical purposes.

Ferrie oxalate. The normal sait is slowly
deposited as a yellow precipitate on mixture of
a normal oxalate with ferrie chloride or on treat-
ing freshly preeipitated ferrie hydroxide with a
quantity of oxalic acid insufficient to dissolve
the whole. The solution in oxalic acid gradually
deposits ferrous oxalate on exposure to the light.
Double salts with the alkalis are obtained by solu¬
tion of ferrie hydroxide in acid alkaline oxalates
The ferrie ammonium oxalate is sometimes used
instead of the double citrate for producing blue
prints in photography.

Antiniony oxalates. The application of anti-
mony oxalate and the double oxalates with
the alkaline metals in calico-printing has been
noted under article Antimony, vol. i. The
normal sait Sb203.C4062H20 is obtainable by
boiling antimonious chloride or oxychloride in
oxalic acid, or by mixing a saturated solution
of oxalic acid with a hydrochloric acid solution
of the trichloride. It crystallises out as a granu-
lar precipitate. Th e antimony potassium oxalate
(C.DjjjSbKjGHjO is obtained in monoclinic
crystals from a solution of antimonic acid in
acid potassium oxalate. The sodium sait
(C2O4)3SbNa3C2O4Na210H2O is similarly prepared.

Cerium oxalate Ce2(C204)39H20 is a white,
slightly granular, insoluble powder, permanent
in the air, odourless and tasteless. It may be
prepared by the action of oxalic acid solution on
cerous oxide, or by addition of oxalic acid to a
soluble cerium sait. Cerium oxalate has médi¬
cinal properties resembling those of bismuth
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subnitrale, and is used to prevent the yomiting
of pregnancy and in certain diseases.

Methyl oxalate C204(CH3)2 is obtained in
rhombic tables melting at 54° and boiling at 163°
by dissolving anhydrous oxalic acid in methyl
alcohol and washing the crystals with cold water.
Methyl oxalate is converted into oxalic acid and
methyl alcohol by boiling with water. Pure
oxalic acid may thus be prepared. (Compare
p. 577, vol. ii.)

Etbyl oxalate C204 (C2HS)2 is a liquid wliieh
ruay be obtained by slowly heating a mixture of
3 parts of the anhydrous acid and 2 parts of
absolute alcohol to 100°, afterwards heating to
125° or 130° while the vapour of 2 parts of
absolute alcohol is passed in. The ethyl oxalate
is separated by fractional distillation. This
compound is an aromatic oily liquid boiling at
1863 and decomposed by water in the same
manner as methyl oxalate.

OXAZINE COLOURING MATTERS. The
azines or colouring matters of the saffranine group
(v. Azines, vol. i.) are derivatives of phenazine,
while methylene blue and its allies are derived
from thiodiphenylamine or thiazine (vol. ii.).
The colouring matters of the présent group are
similarly derived from phenoxazine. The rela-
tionship of the parent compounds is shown by
the following formulie :—

C,,H,<N3i>C„HJ/N\C6H/ | )C6H4\N/
Phenazine Thiazine

C,H4<N0H>ClE4
Phenoxazine.

Phenoxazine itself was synthesised by Bernth-
sen (B. 1887, p. 912) by heating pyrocatechol
and orthoamidophenol in a tube for forty hours
to 260°-280°C.

°A<OH +
= C6H4<N(f>C,iH1 + 2H20.

The parent-compound, like its analogues,
phenazine and thiazine, is devoid of colouring
properties.

The first colouring matter of the group, a
derivative of naphthophenoxazine,

c.0HB<î;f>c„H4,
was prepared by the action of nitrosodimethyl-
aniline on /3-naphthol (Meldola, B. 1879, p.
2065 ; C. J. Trans. 1881, p. 37), and is met with
in commerce as Meldola's Blue ; New Blue
(Casella) ; Cotton Fast Blue 2 B (Actiengesell.) ;
Crystal Naphthylene Blue R (Bayer & Co.) ;
Cotton Blue R (Badische Co.).

This colouring matter, named ' B-uaphthol
violet ' by its diseoverer, was originally prepared
by heating nitrosodimethylaniline hydrochloride
with R-naphthol in acetic acid solution and
crystallising the hydrochloride from alcohol and
hydrochloric acid. On the large scale the sub¬
stances are simply boiled together in alcoholic
solution, and the colouring matter precipitated
by the addition of zinc chloride, with which it
forms a double sait. The constitution of the
colouring matter has been made the subject of

an investigation by Nietzki and Otto (B. 1SSS,
173G), who assign the formula :—

/0>/>^*\ )>:N(CH3)2I•Cl.

According to this view, the compound is
formed by the action of three molécules of
nitrosodimethylaniline1 on two molécules of /3-
naphthol :—

3C,H4<^CH^'HG1 + 2C10H:.OH(B)
= 2C,0HB<;^CtiH3:N(CH3)2.Cl
+ G„H1<^^| + 3H20 + HC1.

Some of the hydrogen is thus used up in
redueing a portion of the nitroso- compound
to dimethylparaphenylene-diamine, the latter
having been discovered by Nietzki and Otto as a
by-product of the reaction. These investigators
bave, moreover, prepared the unmethylated
parent-compound of the présent colouring matter
by the action of quinonedichlorimide on /3-
naphthol :—

C<=H'<N:c1 + C'°H'-0H
= C,„H„<0>C'SH.,:NH + 2HC1.

The commercial product is a dull bronzy-
violet powder consisting of the zinco-chloride.
It is readily soluble in water with a deep violet
colour, the solution hecoming blue on adding
hydrochloric or sulphuric acid. Alkalis preci-
pitate the free base in the form of a brown
resinous substance. The colouring matter dis¬
solves in strong sulphuric acid with a dirty-
green colour, becoming blue on dilution. It im¬
parts an indigo-blue colour to cotton mordanted
with tannin and tartar emetic.

Cyanamines. It has recently been shown by
Witt (B. 1890, 2247) that the free basé of this
and analogous colouring matters readily becomes
transformed on heating into other coloured
compounds to which he has assigned the above
name. The cyanamine from B-naphthol violet
forms crystalline salts, having a metallie lustre
and dissolving with a bluish-green colour instead
of the violet colour charaeteristie of the original
compound. The free base is insoluble in most
solvents, whereas the oxazine base is soluble in
ether, &e. The formation of the cyanamine is
probably due to condensation between two molé¬
cules of nitrosodimethylaniline and onemolecule
of |3-naphthol,with the élimination of two molé¬
cules of water. Witt assigns to the free base
the formula C20H2SN4O2, and to the hydrochloride
the formula C20H26N4OC12, suggesting as con-
stitutional formulœ :

(CH3)2N.C6H4.N.C10H5.N.C6H4.N(CH3)2.OH
V | |

and O
1 The formula of nitrosodimethylaniline is written in

the form given in the équation for the salce of simplicity
only. The free base and the hydrochloride may have the
respective constitutions :

C'<L
•N(CH3),

O and CaH,
N(CH3)2C1

\N.oh
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HC1.(CH3)2N.C6H4.N.C10H5.N.C8H1.N(CH3)2.C1

V 1—1
Colouring matters identioal with or related

to the cyanamines have also been obtained by
R. Hirsch by the action of ammonia or other
aminés on the oxazines (B. 1890, 2992).

Gallocyanin; Solid Violet (Durand and
Huguenin). Introduced in 1881 by H. KSchlin,
and prepared by the action of nitrosodimethyl-
aniline hydrochloride on gallic acid. The ori¬
ginal patent claims the products formed by the
action of the nitroso- compound on gallic acid,
tannin, or tannic acid, catechuic acid, and ana-
logous componnds, but the first appears to be
the compound of the greatest technical import¬
ance. It is prepared by boiling the constituents
in aqueous solution till the reaction is complété,
and then throwing out the colouring matter with
common sait. Its constitution, according to
Nietzki, is expressed by the formula :—

Ho/
OH

_CO„H

^:N(CH3); 01.

The formation is expressed by the équation :—

3C'rKloHa)2 + 2GA^(OHf
= 2CI5H12NA + C6H4<*^ + 3h2O.

The commercial product is a greenish paste
insoluble in water, but soluble in alcohol, with a
bluish violet colour. The paste dissolves in
hydrochloric acid with a magenta-red, and in
strong sulphuric acid with a bright blue colour
becoming red on dilution. The substance dis¬
solves in caustic soda with a reddish-violet
colour.

Literature.—H. KSchlin, Germ. pat. 19,580,
Dec. 17, 1881, Ber. 1882, p. 2615; Chem. Ind.
1882, p. 327 ; Mon. Sci. 1883, p. 292 ; Bull. Soc.
Ind. Mul. 1883, p. 206. Beverdin and Noelting,
' Sur la Constitution de la Naphthaline, &e.,'
1888, p. 71. Nietzki and Otto, B. 1888, p. 1736.

Prune. This colouring matter, discovered
by Kern in 1886, is the methyl ether of the pre-
ceding compound, and is prepared by the action
of nitrosodimethylaniline on methyl gallate.
Its formula is therefore

C8H(OH)2(COOCH3)<q^.C6H3:N(CH3)2.C1.
The mode of formation is similar to that of

gallocyanin. The methyl ether of gallic acid is
prepared by passing dry hydrochloric acid gas
into the solution of the acid in methyl alcohol.
The colouring matter is prepared by heating the
methyl ether with nitrosodimethylaniline hydro¬
chloride in ethyl or methyl alcohol or in water
as a solvent. The compound forms brown
glittering crystals or a dark-brown powder,
readily soluble in water with a violet colour,
becoming magenta red on the addition of hydro¬
chloric acid. The addition of caustic soda to
the aqueous solution causes at first a brown pre-
cipitate, which dissolves into a violet solution
on adding more of the reagent. The substance
dissolves in strong sulphuric acid with a bright
blue colour becoming red on dilution.

Literature.—Kern, Eng. pat. 5,953, April23
1887 ; S. C. I. 1888, p. 385. Germ. pat. (Keni
and Sandoz) 45,786, April 3, 1887.

Muscarin (Durand and Huguenin). Dis.
covered by Annaheim in 1885, the colourii;
matter being prepared in the usual way by thi
action of nitrosodimethylaniline on the dioij.
naphthalene (m.p. 186°) of Ebert and Metz,
The compound is thus the hydroxy- derivativeol
/3-naphthol violet (Meldola's Blue) and its for¬
mula is :—HO.CI0H3<^q^C6H3:N(CH3)2C1.

The commercial product forms a brownià
violet powder sparingly soluble in cold, but
readily in hot, water, with a violet colour, lit
solution giving a violet precipitate with hydio-
chloric acid, and a yellowish-brown solution
with caustic soda. The colouring matter dis¬
solves in strong sulphuric acid with a bluish-
green colour, becoming blue on dilution, then,on
continuing the addition of water, passing into
violet, and finally giving a violet precipitate.

Nile Blue (Badische Co.). This colourinj
matter is prepared by the action of nitrosodi-
methyl-m-amidophenol hydrochloride on a-naph-
thylamine. It was discovered by Beissig in
1888. The nitroso- compound from which the
dye stuff is prepared is made by treating
dimethyl- (or diethyl-) m-amidophenol with the
necessary quantity of sodium nitrite and hydro¬
chloric acid in a well-cooled aqueous solution.
The colouring matter is prepared in the tu
way by heating the constituent materials in i
solvent such as acetic acid, dilute hydrochlorio
acid, &a. The shade becomes greener if alkylated
naphthylamines are used instead of naphthyl-
aminé. Erom the mode of formation of this
colouring matter it follows that it may li
regarded as a basic analogue of muscarine cou-
taining NH., instead of the hydroxyl group

(a)NH2.C10H5<^C6H3:N(CH3)2Cl.
The commercial product is the sulphateol

the foregoing base, and forms a greenish bronzj
erystalline powder, slightly soluble in cold, s
readily soluble in hot water with a blu'e cota,
The addition of hydrochloric acid to the aqueoœ
solution causes the séparation of needle-shaped
crystals which appear violet by transmitted and
green by reflected light. The free base is thrmtn
down in the form of a red precipitate on adi'
dilute caustic soda to the aqueous solution. The
colouring matter dissolves in strong sulpbuiie
acid with a yellow colour passing into green s
then into blue on dilution.

Literature.—BadischeAnilin- u. Soda-Fabrik,
Eng. pat. 4,476, March 23, 1888 (S. C. 1. 1889,
p. 280) ; Germ. pat. 45,268, February 28,1888.

Fluorescent blue ; resorcin blue (Bind-
schedler and Busch). This colouring matter be-
longs to a group of substances obtained by the
action of nitrous acid on phénols, and has only
recently been proved by the researches of Nietzki.
Dietze, and Miickler to belong to the oxazines.
In 1871, Weselsky obtained a compound by the
action of nitrous acid on resorcinol which 1
named 'diazoresorcin,'and to which he assigm
the formula C18Hl2N206. By the action of con-
centrated acids this compound loses water and
becomes transformed into a substance to which
Weselsky gave the name ' diazoresorufin ' i
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the formula C36H18N403. In 1874, Liebermann
discovered that strong sulpliurio aoid in whicli a
small quantity of a nitrite had been dissolved,
when heated with phenolio substances, gave rise
to colouring matters which are at the présent
time known as Liebermann's phénol eolouring
matters. None of these are of any technical
importance excepting the compounds of Weselsky
above referred to, which belong to the same
group. In 1874, Weselsky and Benedikt con-
tinued the investigations with other phénols,
and, in 1880, the firm of Bindschedler and Busch
patented the manufacture of a colouring matter
by acting with sodium nitrite upon resorcinol
dissolved in sulphuric acid and then brominating
the produet. This colouring matter is the fluor¬
escent or resorcin blue of the market. The
composition of the ' diazoresorcin ' was again
investigated in 1881 by Weselsky and Benedikt,
and the formula C|8H,0N2O6 assigned to it. The
most recent researches of Nietzki, Dietze, and
Miickler have shown that neither ' diazoresorcin '
nor ' diazoresorufin ' are diazo- compounds, and
they have therefore substituted for these names
those of ' resorufin ' and ' resazurin ' respeetively.
They assign the formula :
Besorufin—C12H,N03. Resazurin—C12H7N04.

The constitutional formula of resorufin re-

presents it as an oxyoxazine derivative resulting
from the action of nitrosoresorcinol (regarded as
hydroxyquinoneoxime) on resorcinol :

0:CGH3(OH):N.OH + C8H4(HO)2- 2HX)
= 0:C6H3<£>C6H3.0H.

It is probable that the reaction takes place
in two stages, an indophenol being first formed :

I. 0:CsH3(0H):N.0H + CBH.,(H0)2-H.,0
= 0:CbH.1(0H):N.CbH.,(H0)2.

II. 0:C6H3(0H):N.CsH3(H0)3—H20
= O:C0H3<^q>C6H3.OH.

The constitution is more fully expressed by
the formula :

X/V/N/
The constitution of resazurin has not yet

beenmade out with certainty, but it is suggested
that it contains two atoms of oxygen linked to-
gether as in the formula:

0:C6H3<0N0>C6H,0H.
Resorufin itself is not adapted for dyeing

purposes, as its colouring properties only appear
in neutral or alkaline solutions, which are of a
red colour with a strong red fluorescence. The
commercial produet is prepared by dissolving
the resorufin in potassium carbonate, adding the
necessary quantity of bromine and then aeidify-
ing. The resorufin takes up four atoms of brom¬
ine, forming a strongly acid colouring matter
which is sent into commerce as the ammonium
sait. The formula is :

0:C6HBr2<^>CGHBr2.0NH4.
The resorufin is prepared by heating 10 parts

•of resorcinol with 50 parts of strong sulphuric
acid saturated with nitrous acid to 100°G., and
then diluting with water. Or nitrosoresorcinol

Vol. III.—T

is first prepared by acting on sodium-resorcinol
with amyl nitrite and the nitroso- derivative
heated with resorcinol and sulphuric acid to
100°. The produet is brominated in the manner
described.

The eolouring matter is met with as a 10 p.c.
paste containing metallic-green needle-shaped
crystals. It dissolves in boiling water with a
blue colour, showing a strong red fluorescence.
Minerai acids added to the aqueous solution
precipitate the free acid as a reddish-brown
powder. It dissolves in strong sulphuric acid
with a blue colour, which, on dilution of the
acid, becomes first violet, and then a reddish-
brown separates.

Literature.—Weselsky (B. 1871, 32, 613 ; A.
162, 273; Liebermann (B. 1874, 247, 1098);
Baeyer and Caro (B. 1874, 966) ; Weselsky and
Benedikt (B. 1874, 439, 445 ; B. 1881, 530 ; and
B. 1885, iii. 76) ; Brunner and Krarner (B. 1884,
1847, 1867, and 1875 ; B. 1885, 580) ; Nietzki,
Dietze, and Mackler (B. 1889, 3020).

Patent.—Bindschedler and Busch, Germ.
pat. 14,622, December 30, 1880 (B. 1881, 1589).

Lackmoïd. A blue colouring matter, probably
belonging to the oxazine group obtained by heat¬
ing resorcinol with sodium nitrite. The consti¬
tution is unknown, and the empirical formula is
assigned as G12H3N04 (?). The commercial pro¬
duet is a dark-violet granular powder soluble in
water with a bluish violet colour, and in aleohol
with a blue colour and dark-green fluorescence.
Minerai acids cause a dirty-red precipitate when
added to the aqueous solution. Sometimes used
as an indicator in alkalimetry.

Literature.—Benedikt and Julius (M. v. 534;
B. 1884, iii. 492) ; Traub and Hock (B. 1884,
2615) ; Wurster (B. 1887, 2631, 2934).

The following patents relating to the colour¬
ing matters of this and allied groups may be
consulted :—Germ. pat. 40,372, Sept. 7, 1886,
H. M. Baker, B. 1887, iii. 616 ; Germ. pat.
40,886, Sept. 23, 1886, Durand and Huguenin,
B. 1887, iii. 756 ; Germ. pat. 40,897, Jan. 5,
1887, H. J. Walder, B. 1887, iii. 756 ; Germ. pat.
41,512, Feb. 4, 1887, Farb. vorm. F. Bayer & Co.,
B. 1888, iii. 72 ; Germ. pat. 47,549, March 18,
1888, Durand and Huguenin, B. 1889, iii. 463 ;
Germ. pat. 50,612, Jan. 5, 1889, Leonhardt &
Co., B. 1890, iii. 220 ; and Eng. pat. 8,264,
May 17, 1889, S. C. I. 1890, 497 ; Germ. pat.
48,996, Feb. 19, 1889, Geigy & Co., B. 1889, iii.
851 ; and Eng. pat. 2,941, Feb. 19, 1889, S. C. I.
1889, 981 ; Germ. pat. 50,998, July 23, 1889,
Gesell. f. Chem. Ind. in Basel, B. 1890, iii. 309 ;
Eng. pat. 11,848, July 25, 1889, S. C. I. 1890,
p. 610 ; Germ. pat. 54,114, Sept. 22, 1889,
Durand and Huguenin, B. 1891, iii. 250 ; Eng.
pat. 15,360, Sept. 30, 1889, S. C. I. 1889, p.
981 ; Eng. pat. 583, Jan. 12, 1891, S. C. I.
1891, p. 359 ; Germ. pat. 52,045, Nov. 9, 1889,
Dahl A Co., B. 1890, iii. 534 ; Eng. pat. 569,
Jan. 11, 1890, Kern and Sandoz, S. C. I. 1891,
131 ; Eng. pat. 4,577, March 24, 1890, Farb.
vorm. Meister, Lucius, and Briining, S. C. I.
1891, p. 249 ; also Eng. pat. 5,777, April 16,1890,
ibid. p. 249 ; Germ. pat. 54,658, March 25, 1890,
Casella&Co., B. 1891, iii. 380 ; Eng. pat. 6,946,
May 5, 1890, Casella & Co., S. C. I. 1891, p. 359 ;
Eng. pat. 18,526, Nov. 17, 1890, Durand and
Huguenin, S. C. I. 1891, p. 133. R. M.
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OX-GALL v. GaMi.
OXONITE v. Explosives.
OXYACANTHINE ClsH„N03. An alkaloid

associated with berberine and berbamine in ber-
beris root (Hesse, B. 19, 3190).

OXYANTHRARTJFIN. Oxychrysazin v. Ali-
zakin and allied coloueing matiees.

OXYAZO- DYE3 v. Azo- dyes.

OXYCANNOBIN v. Kesins.
OXYGEN. Sym. 0. At. wt. 15-96.
Historical note.—Mayow in 1674 recognised

that the active constituent of air which supports
combustion forms only part of the atmosphère,
and that the same substance is présent in nitre,
and is given ofi when nitre is heated strongly.
Mayow termed this gaseous constituent of air
and nitre spiritus vitalis, spiritus nitro-aëreus,
and pabulum igneo-aëreum. But it was just a
century later before its actual discovery took
place. Priestley first obtained the gas on
August 1, 1774, by heating mercuric oxide in a
glass vessel by the heat of the sun's rays con-
centrated on the oxide by means of a burning
glass, and gave it the name dephlogisticatcd air.
The gas was isolated independently, and almost
simultaneously, by the Swedish cbemist Scheele,
who applied to it the term empyreal or fire-air.
Condoreet soon after suggested the name vital
air. Lavoisier regarded it as an essential con¬
stituent of ail acids, and hence gave it its présent
name oxygen (from 's, acid, and yevvàa, I
form). The later discovery that hydrochlorie
and the other halogen acids contained no oxygen
showed that this substance is not necessarily
présent in acids, but the name has been re-
tained. The discovery of oxygen was the means
of leading Lavoisier to the true theory of com¬
bustion!

Occurrence.—Oxygen is the most abundant,
and the most widelydistributed elementin nature.
In the free state it oecurs, mechanically mixed
withnitrogen, in the atmosphère, ofwhich it forms
about21 p.c. by volume, and more than 23 p.c. by
weight. In the eombined state it forms eight-
ninths by weight of ail the water on the globe,
and nearly half of the three chief constituents of
the earth's crust, viz., silicious rocks, chalk, and
alumina. Most minerais—the chief exceptions
being rock sait, fluorspar, blende, galena, and
pyrites — eontain oxygen in considérable propor¬
tions'. It is an essential constituent of ail animal
and vegetable tissues and fluids. It is absorbed
in large quantities from the atmosphère by
animais and vegetables during respiration, but
this abstraction is practically counterbalanced
by the oxygen evolved by green foliage under
the influence of sunlight.

Préparation.—A. On the laboratory scale.
Oxygen may be obtained by the action of heat
on the oxides of mercury, silver, gold, and
platinum; the peroxides of hydrogen, barium,
lead, and manganèse ; the chlorates, bromates,
iodates, nitrates, and bichromates of potassium
and other bases ; it is evolved during some
chemical reactions, and during the electrolysis
of many substances, notably of water.

Of the modes of préparation most convenient
for use in the laboratory, or of interest from his¬
torical or theoretical considérations, the follow-
ing are the principal :—

(1) By heating red oxide of mercury it splits
up into vapour of mercury (which condenses)
and oxygen : 2HgO = 2Hg + 02. This reaction is
of interest as being that by which Priestley first
obtained oxygen.

(2) By heating manganèse dioxide to a bright-
red heat it gives up one-third of its oxygen:
8Mn02 = Mn;)Oj + 0... The oxide is best heated
in an iron bottle placed in a furnace, as glass
vessels will not stand the high température re-
quired. 100 parts by weight of the pure per-
oxide yield 12-3 parts by weight of oxygen.

Manganèse dioxide occurs in large quanti¬
fies in nature as the minerai pyroltisite, and
thus forms a cheap source for the préparation of
quantities of a few hundred feet of oxygen, but
the high température required makes the process
somewhat inconvénient. Pyrolusite usuallycon-
tains about 70 p.c. of the dioxide, and therefore
gives a lower yield of oxygen than that indicated
by the équation.

(3) Potassium chlorate is a very convenient
and economical source for small quantifies'of
oxygen for lecture and laboratory purposes.
■When gradually heated in a hard glass retort or
flask, this sait melts at about 360-370°, and at
about 370-380°G. évolution of oxygen commences,
After some time the fused mass thickens from the
formation of the perehlorate, which, af a still
higher température, is also decomposed. "Ulti-
mately, therefore, potassium chloride alont
remains in the generating flask, the whole of the
oxygen having been given off according to the
équation: 2KC10S = 2KC1 + 302. 100 parts by
weight of chlorate yield 39-18 parts by weight of
oxygen, or 1 oz. of chlorate 1-7 gallons of the
gas.

The température required in this décomposi¬
tion is too high for convenient use, as the glass
vessels employed in the préparation of the gas
often soften under the great heat, and yield
to the pressure of the contained gas. When
metallic vessels are used the heating must be
very carefully watched, since, the décomposition
being exothermic (i.e. heat being evolved during
the reaction), when once décomposition has set
in, the évolution of gas is liable to become very
violent. If the potassium chlorate be mixel
with about one-eighth its weight of some non-
fusible oxide such as oxide of copper, oxide of
iron, or manganèse dioxide, the évolution oi
oxygen takes place at about 240°, or eonsiderably
below that at which the sait fuses, and is mtici
more regular. The addition of a little spongy
platinum answers the same purpose.

The gas prepared in this way almost invari-
ably contains traces of chlorine, which are re-
moved, when necessary, by passing the gis
through a solution of caustie soda.

Commercial manganèse dioxide (pyrolusite),
is sometimes adulterated with coal-dust. If such
dioxide is heated with potassium chlorate the
coal-dust burns—often with explosive violence
—at the expense of the oxygen of the chlorate,
and this has been the cause of fatal accidents.
It is, therefore, advisable to test the dioxide
before use by heating a small quantity in a test
tube with some chlorate.

The action of these oxides in facilitating the
décomposition of the potassium chlorate is not
thoroughly understood. It is probably due to
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the transient formation of higher oxides of
extreme instability. The oxides which show
this action most markedly are those which
form unstable higher oxides. The action of
spongy platinum is still less elear, but is pro-
bably connected with the tendency of that sub¬
stance to condense oxygen on its surface.

(4) By heating a concentrated solution of
bleacliing powder (or any hypochlorite) to which
a small quantity of oxide of cobalt bas been
added, it is resolved into calcium chloride and
oxygen : 2CaOCl, + 4CoO = 2CaCl2 + 2Coa03 and
2Co3Oj = 4CoO + 02. The décomposition is shown
in two stages to exhibit the àction of the
oxide of cobalt. It is not necessary to use
pre-formed oxide of cobalt, as any sait of co¬
balt will answer the sarne purpose. The oxides
of copper, iron, and nickel are similar in their
action. Instead of a solution a thick paste
of bleaching-powder and water may be used if a
small quantity of paraffin oil is added. The
oil, floating on the surface of the pasty liquid,
prevents the frothing which would otherwise
take place. The best température for the évo¬
lution of gas is about 70-80°, at which a steady
stream may be obtained.

Another modification of this method is to

pass a stream of chlorine into boiling milk of
lime to which a small quantity of a sait of
copper, cobalt, or nickel lias been added.
Oxygen gas is given olï aceording to the équa¬
tion 2C1..+2Ca(OH)._. = 2CaCl,+ 2H,0 + 0...

(5) When an intimate mixture of 3 mois,
barium chloride (2 parts by weight) and 1 mol.
potassium bichromate (1 part by weight) is
treated with dilute sulphuric acid, oxygen is
abundantly evolved at ordinary températures
(Robbins, P. J. [2] 5, 436).

(6) If 2 pints of commercial hydrogen per¬
oxide (3 p.c. solution) and 1 lb. of dilute sul¬
phuric acid of sp.gr. 1 -5 are introduced into a
suitable generating fiask, and a solution of 800
grains of potassium permanganate in 28 fluid
ounces of water is allowed to flow gradually into
the mixture from a dropping funnel, oxygen
will be rapidly evolved without the application
of beat, the amount of oxygen obtained from
these quantifies being about 5 gallons.

(7) On passing a mixture of steam and
chlorine through a red-hot porcelain tube, filled
with fragments of porcelain to increase the
heating surface, the chlorine combines with the
hydrogen of the water and oxygen is liberated :
2H-0 + 2CL = 4HC1 + O...

(8) A convenient method of obtaining small
quantifies of oxygen is by the action of water on
a mixture of barium peroxide and potassium
ferricyanide (G. Kassner, Zeits. f. angew. Chem.
1890, 448).

6-38 grams finely powdered potassium ferri¬
cyanide is intimately mixed with 2-25 grams of
75 p.c. barium peroxide. When this is moistened
with water, oxygen is evolved at the ordinary
température, a crystalline magma of potassium
barium ferrocyanide being left : KsFe2Cy,„ + Ba02
= K8Ba(FeCy8)2 + 0„. 1-4 grams of ferricyanide
yields a litre of oxygen.

(9) By the electrolysis of water slightly acidu-
lated with sulphuric acid, the water is resolved
into hydrogen and oxygen, the latter appearing
at the positive pôle : 2HsO = 2H2 + 02. This forms

a convenient method of obtaining small quanti¬
fies of pure oxygen, such as are required in gas
analysis.

10. Oxygen may be prepared from such
highly oxidised compounds as peroxides of lead
and manganèse, bichromate and permanganate
of potash, &c., by the action of sulphuric acid on
these substances. These are, however, seldom
used as sources of gaseous oxygen, but are very
useful as oxidising agents. Thus liydrochloric
acid, when treated with sulphuric acid and
potassium permanganate, is oxidised to hypo-
chlorous acid, and alcohol treated with sul¬
phuric acid and manganèse dioxide yields aldé¬
hyde and water. The following équations re-
present the changes which take place when
manganèse dioxide and potassium bichrqmate
are respectively treated with sulphuric acid :

2H2S04 h- 2MnO., = 21InS04 + 2H.0 + 02
and " 8H2S04 + 2K2Cr20I

= 2K,S04 + 2Cr2(S04)3 + 8H20 + 302.
The change is rendered visible in the latter case
by the formation of a deep-green sait of chro-
mium, the solution being previously of a red
colour.

11. "When fresh leaves, such as mint or
parsley, are exposed to the influence of sunlight
in an inverted cylinder filled with water satu-
rated with carbon dioxide and standing in a
basin of the same liquid, oxygen appears after a
time in minute bubbles on the leaves, and collects
in the upper part of the jar. This method of
liberating oxygen is of interest as being that
which occurs in nature, by means of which the
loss of atmospheric oxygen eontinually taking
place from combustion and respiration is re-
placed.

Several other modes of préparation which,
in addition to their theoretical interest, are of
practical and teehnical value, will be treated of
in the following section.

B. On the industrial scalc. 1. The first
method proposed for obtaining oxygen on the
large scale was the ignition of nitre, and this
method, in various modifications, has formed
the basis of several patents. The first oxygen
patent occurring in the records of our Patent
Office, is No. 12,536, S. Wbite, 1849. But the
oxygen so obtained is contaminated with oxides
of nitrogen, and this method has not proved
advantageous. It deserves mention, however,
as being the means by which Priestley first ob¬
tained impure oxygen in 1771. He then be-
lieved the gas to be ' fixed air ' (carbon dioxide),
and only recognised his mistake three years
afterwards, when he obtained oxygen from mer-
curic oxide.

2. By heating manganèse dioxide. This was
until reeently one of the eheapest methods of
preparing oxygen on the commercial scale.

3. By heating a mixture of potassium chlor¬
ate and about one-eighth of its weight of man¬
ganèse dioxide. Though more costly than the
last-named, this method is more easily carried
out, and was, until within the last year or two,
almost always qmployed in the préparation of
the considérable quantities of oxygen used for
lime-light purposes.

4. By the electrolysis of water. This method
has formed the basis of many patents taken out
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for the production of oxygen, and was for a
time used practically on a commercial seale.
But the large and inévitable loss attending the
conversion of heat into power, and power into
electrical force, and the need for skilled labour,
makes theprocess too expensive, and there is but
little likelihood of these drawbacks being over-
come.

5. By the décomposition of sulphuric acid
by heat: 2H2S04 = 2S02+2H20 + 02. The sul¬
phuric acid is allowed to drop on red-hot surfaces,
and is thus decomposed. If the oxygen alone is
wanted, the emergent gaseous mixture is passed
over média suitable for the absorption of the
water and sulphur dioxide. As a method for
the préparation of oxygen only this process has
not found much favour, but it has been very
largely and suceessfully used in the prépara¬
tion of sulphuric anhydride, where, the water
being removed by a desiccating agent, a mixture
of sulphurous anhydride and oxygen in the
desired proportions is at once obtained. It is
the process suggested by Squire in his patent
for the manufacture of sulphuric anhydride (Eng.
pat. 3,278, 1875) as the best for that purpose.

6. By the dialysis of air. Many attempts
have been made to utilise the laws of diffusion

of gases through porous septa, discovered by
Graham, or the property of caoutchouc when in
thin layers to allow oxygen to pass through it
more readily than nitrogen. Several patents
have been taken out for processes of this kind,
but with no practical success, and the pheno-
mena do not seem likely to lend themselves to
the production of oxygen on the large scale.

7. Better success has attended the endeavour
to make use of the greater solubility of oxygen
than of nitrogen in water or other solvents.
Mallet, who took out a patent for this process
(Eng. pat. 2,137, 1869), compressed the air ovet
water. The coefficient of solubility of oxygen
in water is -046, of nitrogen -025. The oxygen
was, therefore, dissolved in greater proportion
than the nitrogen, and when the excess of pres¬
sure was removed and the dissolved gases ex-
tracted by the aid of a vacuum pump, the amount
of oxygen in the gaseous mixture was greater
than in air. This mixture was then repeatedly
subjected to the same treatment, when, after
about eight absorptions, nearly pure oxygen vas
obtained. The following table, given by Mallet
(D. P. J. 199, 112), shows the composition of
the gaseous mixture at each successive stage of
the opération :—

Atmospheric air
Composition after successive absorptions

X 2 3 4 5 6 7 ë

N = 79 .

0 = 21 .

66-7
33-3

52-5
47-5

37-5
62-5

25
75

15
85

9-
91-

5
95

2-7
97'3

This process was usedby Phillips in 1871-72
to obtain oxygen for his expérimental lighting
of part of Cologne by spécial oxygen-fed oil
lamps, but beyond this does not appear to have
been practically applied.

8. By the alternate oxidation and de-oxida-
tion of cuprous chloride. Cuprous ehloride, if
exposed to air, and especially to moist air, is
oxidised to cupric oxychloride, and this, when
heatedto dull redness, gives off oxygen, andisre-
convertedintoeuprouschloride. (a.) 2Cu2C12 + 02
= 2Cu2OC12, (b.) 2Cu2OC12=2Cu2C12 + 02.

Mallet obtained patents (Êng. pat. 2,934,
1865, and 3,171, 1866) for the practical utilisa¬
tion of this method as a continuous process for
obtaining oxygen from the air, but it has not been
found economically available on the large scale.

9. By the alternate formation and décom¬
position of alkaline manganates. When an
oxide of manganèse is mixed in suitable propor¬
tions with a caustic alkali (potash or soda), and
is subjected to the action of air at a moderately
high température, an alkaline manganate is
formed. If this manganate is then heated to a
bright-red heat, and a current of steam passed
over it, it is resolved into its original constituents
with évolution of oxygen (C. M. Tessié du Motay
and C. B. Maréchal, Eng. pat. 85, 1866).
2Mn02+ 4NaOH + 02(air) = 2Na,Mn04 + 2H20 ;

2Na2Mn04 + 2H20 = Mn20., + 4NaOH + 30 ;
Mn203 + 4Na0H + 30(air) = 2Na2Mn04 + 2H20.

The mixture was introduced into horizontal
retorts, which were heated to a dull-red heat
whilst a current of air was passed through.
After oxidation was complété the supply of air

was eut off, the retorts were heated to a bright-
red heat, and a current of steam admitted when
oxygen was evolved. The retorts were then
allowed to cool again to a dull red, the passage
of air again commenced, and so on. The mix¬
ture was said to undergo no détérioration, and a
continuous and very economical method of
obtaining oxygen seemed attained. Works were
erected, and the process carried out on the large
scale at Paris, Lille, Brussels, Vienna, and New
York, and large quantities of oxygen were made.
A large part of Paris was laid with a double
System of piping with the intention of lighting
that city with the oxy-hydrogen light, and the
New York Company carried out by the same light
the lighting of the works during the building
of the Brooklyn bridge. But it was found in
practice that the mixture did deteriorate, the
yield of oxygen rapidly diminishing, and finally
almost ceasing. This was probably due to the
difficulty of maintaining the intimate mixture of
the easily-fusible hygroscopic and very soluble
soda with the manganic oxide, the former settling
to the bottom through the combined effect of
the heat and steam used.

Becently Bowman (Eng. pat. 7,851, 1890)
claims to have overcome this difficulty by
making the alkaline manganate in a granular
form and dusting over the granules, whilst still
in a plastic condition, with oxide of copper.

10. Eassner (Eng. pat. 11,899, 89) has found
that when an intimate mixture of lead oxide and
chalk is heated to 600° in contact with the air, a
calcium plumbate CaPb04 is formed. If this
plumbate is then introduced into a solution of
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potassium or sodium carbonate it is decomposed,
an insoluble precipitate of calcium carbonate
and lead peroxide is formed, and caustic potash
or soda remains in solution. Tliis is removed by
décantation, and the precipitate washed. The
precipitate, in which the lead peroxide is, of
course, the active part, may then either be used
directly as an oxidant, or it may be introduced
into a decomposing vessel, dried with super-
lieated steam, and lieated to about 500°, when
oxygen is evolved, the mixture of lead oxide and
calcium carbonate left being then ready for ré¬
génération. The décomposition of theplumbate
may also be effected by suspending it in water
and treating with carbonic acid. The following
équations indicate the reactions taking place :

2CaC03 + PbO + O(air) = CaPbO, + 2C02 ;
Ca2PbO, + 2Na2C03 + 2H..0
= 4NaOH + 2CaC03 + PbÔ2 ;

2CaC03 + Pb02 = 2CaC03 + PbÔ + 0.
The inventor lays stress on the cheapness of

the process owing to the caustic soda obtained
being a valuable by-product. The eomplexity of
the process and the large amount of labour
entailed by it, leave very little chance of its being
practically applicable, exceptpossibly in chemical
works, where it is used in conjunction with the
manufacture of caustic alkali, and even here its
economy is very doubtful.

The décomposition of the plumbate into lime
and lead peroxide may also be effected in situ by
means of a current of moist furnace gases at
80-100°, and the oxygen then liberated by raising
the température. The great changes of tem¬
pérature, however, thus involved, would certainly
render the method impracticable, and in addition
the sulphur impurities in the furnace gases
would undoubtedly rapidly deteriorate the mix¬
ture.

Salamon (Eng. pat. 0,553, 1890) proposes to
décomposé the calcium plumbate without re-
moving it from the produeer iu which it is
formed by allowiug the température to fall ' to
a certain point,' and then introducing a current
of pure carbon dioxide. The following reaction
then occurs : Ca2Pb04 + 2C0., = 2CaC03 +PbO + O.
This nécessitâtes the use of at least four times
the volume of carbon dioxide as of oxygen
obtained, a condition which at once puts the
process out of the question as a technical and
economieal one. It bas been suggested that the
quantity of pure carbon dioxide required may be
largely reduced by carrying out the earlier part
of the reaction by means of the carbon dioxide
in furnace gases, and using it pure only at the
last. But the drawbacks so introduced would
fully neutralise any advantage.

11. By the alternate formation and décom¬
position of barium peroxide. In 1851 Boussin-
gault found that when barium oxide (baryta)
is heated to a dull-red heat in a current of air
it is converted into barium peroxide, and that at
a liigher température this peroxide is again re-
solved into barium oxide and oxygen. But his
attempts to utilise this reaction as apractical and
economieal source of oxygen failed owing to the
fact that after a few oxidations and deoxidations
the baryta lost its power of re-absorbing oxygen.
Many other attempts were made to overcome this
difficulty, but for long without success. In 1879,
however, the MM. Brin frères were successful,

and took out a patent for the process (Eng. pat.
1,416, 1880). Further improvements were made
by the MM. Brin, and under the auspices of the
company formed to develop and work the patents,
and the process is now practical and economieal,
and is being worked on a large scale at various
places.

The permaneney of the baryta is mainly
dépendent on its physical condition, the use
of reduced pressure during deoxidation, and
conséquent avoidance of excessiveiy liigh tem¬
pératures, and the càreful purification of
the air used. It has been found possible to
dispense with change of température in the
reaction, change of pressure being now alone
trusted to for determining the respective phases
of oxidation and deoxidation. Neither the
oxidation nor the deoxidation is as complété
as when two températures were used, and the
yield per opération is much less. But the dura-
tion of the opération is reduced from about 4 hours
to 8-15 minutes, and the total dailv yield is
therefore largely increased. At the same time
the opération is much simplified, the wear and
tear of furnace, retorts, &c., very greatly reduced,
and the fuel required lessened. Labour is also
economised, the multiplied reversais of cocks &c.
necessitated bythe single-temperature method of
working being effected automatically by reversing
gear designed by II. S. Murray. The labour re¬
quired is therefore little more than tliatneeded for
stoking the furnaees, and oiling and supervising
the pumps &c.

The accompanying diagrams will explain the
process as now worked. Fig. 1 shows the général
arrangement of purifiers, pumps, and automatic
gear ; fig. 2 shows a transverse section and
front élévation of the produeer ; fig. 3 a section
taken at right angles to the front through the
centre of the carbonic oxide generator and com¬
bustion chamber. The retorts e are suspended
by flanges resting on the cast-iron top-plate p of
the heating chamber, the lower ends passing out
through holes in the base plate, lightly packed
with asbestos to allow free expansion down-
wards.

' Produeer gas ' (carbonic oxide and nitrogen)
is generated in a (figs. 2 and 3), which is fed
with coke through r, the primary air supply
entering by restricted openings at d. The pro¬
dueer gas passes through the opening a at the
top of chamber g into the combustion chamber
s, being met at its entrance by the secondary
air supply, which, admitted at the inlets Q, has
been heated by passing through the hot walls of
the generator, as shown by the cliannels marked
q. Complété combustion takes place in chamber
b, and the hot produots of combustion then
pass by thé outlet holes s, shown in plan in
fig. 3, and in section in fig. 2, into the heating
chambers c, placed on each side of the combus¬
tion chamber, and in which the retorts are hung,
and finally passes away at the bottom to the
chimney.

Air is drawn in at the ' air intake ' (fig. 1)
through a cock in the automatic gear g (fig. 1)
by the pump p, by which it is forced, under
a pressure of about 10-151bs. per square inch,
through another cock in the gear to the puri¬
fiers u. These are so arranged that either one
or both lime purifiers and one soda purifier
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are in opération. The air then passes again
through the automatic gear by a two-way
cock to pipe J, which takes it to the dis-
tributing valve x at the top o£ the iurnaee.

Thence it passes by pipes, v, to the inside row of
retorts in each heating chamber, through which
it passes downwai'ds, and thence, by the con-
neeting pipes N, shown in fig. 2, upwards through

Intakes

Fig. 1.

T<

"Purifie.s
Sadeh

Fig. 2. Fig. 3.

the outer rows of retorts, the air, largely deprived
of its oxygen, finally escaping by the automatic
relief valve on w. Provision is made in the dis-
tributing valve x, whereby the direction of the
air current is altered at each opération so as

| altsrnately to pass downwards through the
outer rows of retorts and upwards through the
inner. When the oxidation has gone on for
the suitable time the automatic reversing gear
shifts over the eocks, the purifiers being eut outIRIS - LILLIAD - Université Lille 1
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under pressure, and the exhaust cylinders o£ the
pump brought into direct communication with
the retorts through the distributing box x. A
réduction of pressure is thus immediately caused,
whereby the relief valve is automatically closed
and the pipes y and z brought into communica¬
tion with pipe j. As soon as the réduction of
pressure in the retorts reaches about 26-28 ins.
inercury (13-14 lbs. on the sq. inch) below that of
the atmosphère the barium peroxide begins to give
off oxygen. This is then drawn to the pump
which delivers it into the holder. As the first
portions of oxygen so drawn into the pump still
contain much nitrogen, the automatic gear is
arranged not to open the coek to the holder till
a few seconds after the reversing of the other
cocks, the mixed oxygen and nitrogen meanwhile
escaping by a snifting valve, s, opened by the
gear for the purpose.

For a producer capable of delivering 10,000
cubic feet of oxygen per 24 hours the consump-
tion of coke in the furnaee is about 12-15 cwt.

per day, and for plant of that or smaller size the
pump power required is about 1 i.h.p. per 1,000
feet of oxygen produced per day, the ratio de-
creasing for larger plants.

It is necessary that the barium oxide should
be as hard and as porous as possible, and this
is best obtained by preparing it by igniting the
nitrate. The nitrate fuses and décomposition
soon commences with évolution of a mixture
of oxygen and oxides of nitrogen. This action
continues for about 2 to 3 hours, during which
time the contents of the crucible remain in
ebullition. A porous mass is then left, which
is heated for another hour to complété, as
far as possible, the décomposition. In this
way a very hard but also very porous baryta is
obtained.

Under the présent conditions of working, the
baryta does not lose its a'bsorptive power ; but as
there is a slight tendency to caking it is found
advisable every six or seven months to remove
the baryta from the retorts, break it up again
and replace it, at the same time adding a little
fresh in place of a small amount of dust formed
by the friction of the air, &e. (K. S. Murray,
Proc. I. Mech. E. 1890, 131 ; Thorne, S. C. I.
1890, 246).

Cost of production.—It is very difficult to
obtain data of the cost of production of oxygen
under the various methods described, but the
following figures probably approximate pretty
closely to the cost per 1,000 cubic feet :—from
chlorate 81.-101., from pyrolusite 41.-61. ; from
sulphuric acid 21. 10s.-3l. (probably higher when
only the oxygen and not the sulphur dioxide
is utilised) ; by electrolysis (if the cost is
proportionately divided between the hydrogen
and oxygen formed) at least 25s.-30s. ; and pro¬
bably considerably higher ; by the Tessié du
Motay process 31.-41. ; by the Brin process 3s.-7s.
No authentic data of the cost of producing
oxygen by dialysis or by solution in water are
obtainable, but it would probably be at least as
high as that by the Tessié du Motay process.
In the Kassner process the cost dépends largely
on the amount realised by the sale of the caustic
alkali. The process lias not yet been tried on a
large enough scale to yield trustworthy results as
to cost ; but the large amount of handling of ma-

terial and consequently of labour required seems
to preclude this being very low. In the various
modifications of this process the cost would lin-
doubtedly be lowered, but would still be prohibi¬
tive for technical uses.

Properties.—Oxygen is a colourless, tasteless
and inodorous gas, of sp.gr. 1T056 (air = 1) : at
0°C. and 760 mm. pressure a litre of the gas
weighs 1-43028 grams, and at 30 inches pres¬
sure and 15'5°C. 100 cubic inches weigh 34-206
grains. When examined through very thiek
and higlily compressed layers, gaseous oxygen
lias a slightly blue tinge of colour. It is
sparingly soluble in water. As with ail gases,
the quantity of oxygen dissolved by water
dépends on the tension of the oxygen in the
atmosphère in contact with the water. Thus
pure water shaken up in contact with pure
oxygen will absorb nearly five times as much
oxygen as it would when shaken up, at the same
température and under the same pressure, with
air—which only contains 20-9 p.c. by volume of
oxygen. The following table gives the coefficients
of solubility (i.e. the volume of oxygen absorbed
by one volume of water when shaken up with
pure oxygen under 760 mm. pressure) at différent
températures as determined by différent ob-
servers:—

Coefficient of solubility

Température
Bunsen Dittmar Roscoe and

Lunt
Winkler

o°c. •0411 •0489
5° •0363 — — •0429

10° •0325 •0383 •0377 •0380
15° •0299 •0344 •0339 •0341
20° •0284 •0312 •0308 •0310
25° — •0286 •0284 •0284
30° — — — •0262

These numbers multiplied by 1,000 give at
once the number of c.c. oxygen absorbed by a
litre of water from pure oxygen. The following
table gives the number of c.c. of oxygen (calcu-
lated from the above table) absorbed by a litre
of water from atmospheric air :—

Oxygen absorbed by 1 litre water

Température
Bunsen Dittmar

Roscoe and
Lunt Winkler

0° S'GO c.c. 10-19
5° 7-58 — — 8-91

10° 6-79 8-00 7-87 7-87
15° 6'25 7-20 7-09 7-04
20° 5-93 6-53 6-49 6-30
25° — 5-97 5 94 5-78
30° — — — 5-25

The older numbers of Bunsen appear, from
the results of more recent observers with more

delicate apparatus, to be rather too low.
Winkler gives the following formula for calcula-
ting the coefficient of solubility (j8) of oxygen in
water at any température (f).

B = -04890 - -0013413t + -0000283f2
—-00000029534f.

IRIS - LILLIAD - Université Lille 1



88 OXYGEN.

The coefficient of solubility of oxygen in
alcohol at 0° is 0-2337 ; at 20° it is 0-2201
(Timofejeff), so that oxygen is much more solu-
ble in alcoliol tkan in water.

Nearly ail natural waters contain oxygen in
solution, and ean only be freed therefrom by
prolonged boiling in vacuo. This dissolved
oxygen, though small in amount, is the source
from which fisk obtain the oxygen necessary to
sustain life.

Oxygen, though long regarded as a permanent
gas, was liqueiied in 1877 by Pictet at a pressure
of 320 atmosphères, and a température of —140°.
He attributed to liquid oxygen a density near
that of water—about -9787. More recently
Wroblewski and Olszewski hâve worked, both
conjointly and independently, on this subject,
and kave shown that the critical température of
oxygen (i.e. the température above which no
amount of pressure will liquefy it) is -113°, the
pressure needed to liquefy it at that tempéra¬
ture being 50 atmosphères. The following table
gives the vapour tensions of oxygen at varying
températures (i.e. the pressure necessary for
liquéfaction at these températures) found by
Wroblewski and Olszewski :—

1 Vapour tension Density Observer

—118°C. 50 atmosphères W.
-123-7° 43-5 — w.
-129-75° — •755 0.
-130° — •89-90 w.
-131-6° 26-5 „

— w.&o.
-133-4° 24-8 „

— w.&o.
-134-43° •806 0.
-135-8° 22-5 — w.&o.
-139-3° — •877 0.
-145° 16-37 „

— w.
-181-4° 742-1 mm. Hg 1-124 0.
-181-5° 710 „ „

— w.
-200-4° 20 „ „

— w.
-211-5° 9 „ „

— 0.

Liquid oxygen is a pale steel-blue transparent
and very mobile liquid (Dewar ; Olszewski)
boiling at —181-4 at ordinary pressures. When
the pressure is reduced or removed, evaporation
takes place so rapidly that a part of the oxygen
is often frozen to a white solid. Thus under
13-7 atmosphères solidification takes place at
— 146-8, under 9 mm. Hg pressure at —211-5°
(W.). This latter température is therefore pretty
nearly the lowest obtainable by the evaporation
of liquid oxygen. Liquid oxygen is a very' per-
fect insulator, and is also comparatively inert
in its ehemical properties. Phosphorus, potas¬
sium, sodium, &c., may be immersed in it with-
out any action taking place (Dewar).

Oxygen is the least refractive of ail gases ; it
is slightly magnetic, but its susceptibility in this
respect is diminished or temporarily suspended
by élévation of température. Oxygen gives a
characteristie though not very strong absorption
spectrum, but to obtain this it is necessary to view
the source of lightthroughverygreatthicknesses
of oxygen or through the highly compressed gas.
The spectrum first appears in the form of a
number of fine lines, but as the pressure is
greatly increased or a layer of liquid oxygen is

employed it shows a number of broader and
shaded dark bands, with almost complété absorp¬
tion in the violet. Six absorption bands have
been observed, two in the red corresponding to
the a and b Fraunhofer lines.

The chemical activity of air dépends upon
the oxygen it contains, air being simply, in its
chemical relations, oxygen diluted with nitrogea
Free oxygen, whether diluted with nitrogen or
not, manifests considérable chemical activity,
even at ordinary températures, this activity in-
creasing with rise of température. There are
only seven elements—viz., fluorine, chlorine,
bromine, iodine, silver, gold, and platinum
—which do not unité directly with oxygen.
AU the non-metallic elements, with two ex¬

ceptions, unité with oxygen to form anhy-
drous acids. Of the exceptions hydrogen forms
a neutral oxide (water) whilst no oxide oi
fluorine has yet been obtained.

Phosphorus combines with oxygen at ordi¬
nary températures, as do also rnoist iron, moist
lead, moist saw-dust, and many metaUic com-
pounds such as cuprous chloride, manganoo!
hydrate, ferrous hydrate, &c. Potassium and
sodium are at once attacked by dry oxygen at
ordinary températures, becoming coated with
their respective oxides. The majority of metals
remain bright under similar conditions, bnt
many become oxidised when moisture is présent,
though with many metals (for instance, iron) the
presence of a trace of carbonic acid as well as
moisture is essential to oxidation at ordinary
températures. In some of the metals oxidised
by exposure to air the first coating of oxide
formed acts as a protective covering and prevents
further oxidation, as is the case with lead. In
others, however, the oxide first formed gradually
becomes converted into a higher oxide and may
then give up part of its oxygen to the métal in
contact with it, and the oxidation is thus propa-
gated through the mass of the métal. The rust-
ing of iron is not a simple case of oxidation. The
combined action of moisture, carbonic acid, and
oxygen appears to first form an hydrated ferrous
carbonate. This is then decomposed by the
absorption of more oxygen, being converted into
an hydrated ferrie oxide, the carbonic acid being
again liberated. Some water appears also ahvays
to be decomposed during the formation of iron
rust, hydrogen being liberated in traces (v. Rust).
Some metals which in their ordinary condition
are comparatively inert towards oxygen combine
with it readily at ordinary températures when
they are in a finely divided state, offering a very
large surface for chemical action. Thus lead or
antimony when obtained by the ignition of their
tartrates, and iron, nickel, cobalt and copper,
when reduced from their precipitated oxides in
a current of hydrogen at a low température, ail
ignite spontaneously when poured into air or
oxygen, and when in this finely divided state are
therefore often termed pyrophori. Silver, gold,
and platinum are not acted on directly by oxygen
at any température.

The activity of oxygen is increased greatlyby
inerease of température, and with most sub¬
stances (except under the conditions already
mentioned) an initial heating is necessary t»
start free oxidation, the heat evolved during
oxidation being then sufficient to maintain it.
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Thus iron lieated to bright redness in an atmo¬
sphère or stream of oxygen takes fire and burns
brightly. A mixture of oxygen and hydrogen
may be kept at ordinary températures for any
length of time without change, but if the tem¬
pérature of any part of the mixture be raised to
bright redness—either by the electric spark, by
ibe présentation of a flame or by other means—
ignition at once takes place with explosive force
throughout the whole mass. Under certain cir-
cumstanqes, however, this combination may be
effected at ordinary températures. Thus, if a
pieee of clean platinum foil be hung in the mix¬
ture, combination takes place gradually at ordi¬
nary températures. This appears to be due to
the power possessed by palladium, platinum,
and some other substances of condensing gases
and especially hydrogen on their surfaces, the
activity of the so condensed gases being thereby
greatly increased. If platinum or palladium
black or sponge is used insteadof foil, the action
is so much increased tliat the heat evolved in
the combination soon raises the température of
the métal to the ignition point, and ordinary
combustion ensues. This efiect lias been taken
advantage of in the Doberemer lamp (named
after the investigator who first notieed this pro-
perty of platinum) wherein a piece of spongy
platinum is suspended over a jet connected
an automatic hydrogen-genérating vessel. When
the tap of the jet is turned on, the jet of hydro¬
gen becoming mixed with air and at the same
time impinging on the spongy platinum, oxida-
tion taises place rapidly, the platinum soon
becomes red hot and ignites the jet of hydrogen.
Similar effects are produced with oxygen (or air)
and hydrocarbon gases.

Various substances which expose large sur¬
faces to air (or oxygen) become gradually heated
through slow oxidation or combustion, and, if
the heat cannot get away, ignition eventually
occurs. Thus oily or greasy woollen and eotton
rags and refuse are capable of absorbing oxygen
pretty rapidly, and if présent in any quantity the
beat produced may aecumulate and cause spon-
taneous combustion, and this action is a not in-
frequent cause of fires in factories. A similar
génération of heat and eventual ' spontaneous
combustion ' often arises from the storing of
moist liay in hayricks, and from the storage of
damp coal in shijis or heaps. The allégation
that the ignition of coal is due to the oxidation
of pyrites has been disproved by the work of
Kichters andLewes.whohave shownthat theheat
is generated by the absorption of oxygen and its
action on the bituminous constituents of the coal.

Dixon, Baker, Traube, and others have re-
cently shown that even at high températures
the presence of a trace of moisture is necessary
for free oxidation (combustion), and that in abso-
lutely dry oxygen, sulphur and phosphorus can
be distilled, and earbon made red-hot without
combustion taking place. A jet of buraing dry
carbonic oxide is even extinguished when intro-
duced into pure and absolutely dry oxygen.
Tbe presence of the minutest trace of moisture
is, however, sufficient to restore to oxygen its
well-known activity.

In ordinarily dry oxygen ail substances which
bum in air burn with much greater brilliancy,
and many substances which do not burn in air

burn vividly in oxygen. Thus iron, zinc, &o., if
the ignition is started by a portion being raised
to a white heat in an atmosphère of oxygen con¬
tinue to burn with great brilliancy and with the
évolution of a very high température. The
aetual amount of heat given out during the com¬
plété oxidation of any substance is the same
whether the combustion is slow or rapid, and is
carried on in air or in oxygen. But it is quite
différent in regard to the température developed,
this depending on the concentration of the heat,
and so being higher the more rapid the combus¬
tion and the less extraneous matter is présent
to absorb the heat. Thus, when phosphorus is,
burned in oxygen, the température produced is
very high, and the combustion takes place with
dazzling brilliancy. The température of a
hydrogen or a coal-gas fiame burning in oxygen
is very much higher than that of a similar flame
burning in air. This fact has been utilised
in the construction of the oxy-hydrogen blow-
pipe for obtaining very high températures. If
coal-gas is substituted for the hydrogen, a very
hot flame is still obtained, but the tempéra¬
ture is not as great as when hydrogen is em-
ployed. Besides being much hotter, the oxy-
hydrogen and oxy-coal-gas blowpipe fiâmes are
much smaller than the corresponding air blow¬
pipe fiâmes, and the heat can therefore be better
localised.

Oxygen is the only gas capable of supporting
respiration, and forms the life-maintaining con¬
stituent of air. In the pure state it may be in-
haled for a time with impunity, and acts as a
mild tonic or exhilarant. But its long-eontinued
respiration is harmful, feverishness and weak-
ness being produced ; and it becomes poisonous
if breathed under pressure. Dr. Bichardson
kept a rabbit in an atmosphère of pure oxygen
at a température of 23'9°C. for three weeks. It
ate voraciously ail the time, but beeame so
emaciated from iuability to assimilate new ma-
terial fast enough to supply waste that it
was found necessary to discontinue the experi-
ment. At 7'2°C. the rabbit beeame speedily
narcotised, and would have died had it not been
removed. Bichardson found that cold-blooded
animais were very little affected by being intro-
dueed into an atmosphère of oxygen, whilstmôst
warm-blooded animais (dogs, cats, guinea-pigs,
&c., but not the rabbit) speedily showed strong
febrile symptoms (Asclepiad 1887-89). Some
observers have notieed very decided narcotic
efiects produced on animais under these condi¬
tions, but Bichardson ascertained that this is
due to the oxygen becoming vitiated by repeated
inhalations. He found that when the same oxygen
was used over and over again, although purified
from carbonic acid, &c., by passage over caustic
potash, sulphuric acid, &c., the animais beeame
speedily narcotised, but that when a continuons
stream of fresh oxygen was employed this was
not the case. This ' de-vitalising 1 of the oxygen
appears to be due to traces in the exhaled gases
of some compound which is not removed by the
ordinary methods of purification. The electric
discharge very quickly re-vitalised the vitiated
oxygen. Mesh was found to décomposé more
l'eadily in devitalised than in pure oxygen. At
low températures, and at very high ones, how¬
ever, oxygen is deeidedly narcotic in its effeet.
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But tliough in health tlie continued inhala¬
tion of nearly pure oxygen is detrimental, its use
where the action of the lungs and heart is
sluggish, as in cases of partial suffocation, of
•collapse in choiera and other illnesses, is very
valuable, and has fceen the means of saving many
lives. Its use in cases of cyanosis, gout, diabetes,
and so on has also been found advantageous.

Methocls of tcsting and estimation.—The
readiest test is the property possessed by oxygen
of inoderale purity of re-kindling a glowing splint
of wood, a property only possessed by one other
gas —viz., nitrous oxide. When mixed with
colourless nitric oxide gas, oxygen produces deep
reddish-brown fumes of nitric peroxide, whilst
nitrous oxide does not. Nitrous oxide is also
much more soluble in water than oxygen.

White indigo absorbs oxygen rapidly, at the
saine time turning blue. For général purposes
of estimation, however, one of the three follow-
ing methods is generally used :—

1. A solution of cuprous chloride in hydro-
chlorie acid (which is colourless) absorbs oxygen
readily with formation of eupric oxy-eliloride.
The greenish-brown solution of this sait may be
again reduced by keeping copper foil in it.

2. An alkaline solution of pyrogallic acid
absorbs oxygen freely, forming a dark-brown
liquid. The best results are obtained by mixing
45 c.c. of a 25 p.c. solution of pyrogallic acid
(prepared by dissolving 00 grams acid in 180
c.c. water) with 145 c.c. of 00 p.c. solution of
caustic potash (prepared by dissolving 400 grams
ordinary stick potash in 300 c.c. water). 200
c.c. of this solution will absorb nearly two litres
of oxygen, but it is better not to pusli the ab¬
sorption to its full extent, as the rate of absorp¬
tion beeomes at last very slow.

3. Clean moist copper absorbs oxygen freely,
but a skin of sub-oxide is rapidly formed over
the copper, which prevents further oxidation.
An ammoniacal solution of ammonium carbon¬
ate, however, readily dissolves this sub-oxide
again, leaviDg the clean copper. To utilise this re¬
action for analysis a suitable absorption vessel is
packedwith fine copper wire andthen filledwith a
solution composed of equal volumes of ammonia
of sp. gr. -930, and of a saturated solution of
commercial ammonium carbonate. When the
gas in which the oxygen is to . be estimated is
introduced into the vessel and displaces the
liquid, a large surface of clean copper is exposed,
and the oxygen is rapidly absorbed. When the
residual gas is removed, the liquid again fills
the vessel and dissolves the sub-oxide of copper
formed, leaving the copper clean for the' next
analysis. 200 c.c. of this solution will dissolve
the oxide formed by the absorption of about four
litres of oxygen, but it is advisable to renew it
after the absorption of about three litres, as
otherwise a good deal of a yellowish-brown pre-
eipitate (probably an ammonio-copper com-
pound) forms which renders the renewal more
troublesome. A little fresh copper wire must be
occasionally added as that in the vessel gets
used up.

For ail these tests Hempel's, Orsat's, or
Stead's apparatus (see Analysis) answer well
for ail but the most delicate déterminations.
With these an oxygen détermination can easily
be made in ten minutes.

If the first method is employed, the gas aftet
absorption must be freed from hydrochloric
acid by means of potash. In the second tliere is
a liability under certain conditions to the forma,
tion of traces of carbonic oxide during the action
of the alkaline pyrogallate, but the quantity is
always very small.

The property of phosphorus of absorbinj
oxygen at ordinary températures is also some.
times used for analytieal purposes, but this is
not a generally convenient method.

Applications of oxygen.—Oxygen has been
used successfully to maintain the air in a re-
spirable condition in places where it can-
not be replaced, as in diving-bells, submarine
vessels, &c. Its use has often been suggested in
connection with the ventilation of large halls,
théâtres, &c., but the cost has hitherto proved
too great for its adoption.

It is employed in conjunction with hydrogen
or coal gas to produce the oxy-hydrogen and
oxy-coal-gas fiâmes in which platinum can be
melted, silver distilled, &c. One application oi
these fiâmes is in the production of tho Drum-
mond or lime light where the intense heat of the
fiame is made use of to l'aise a lime cylinder ta
a white heat and thus obtain-an intensely vivid
source of light. The oxyhydrogen and oxy-coal
gas blowpipe is also used for the brazing ol
metals, autogenous soldering, the blowing and
manipulation of hard-glass apparatus, and for
many other purposes where very high tempéra¬
tures and local heating are required.

Oxygen is used for many purposes in the
laboratory, and, as already mentioned, for some
médical purposes. It has been found that the
admixture of small proportions (up to 6 or 7 p.c.)
of oxygen with nitrous oxide during anœsthetising
with that substance prevents or reduces the
tendency to convulsions experienced with pure
nitrous oxide, without reducing appreciably its
anœsthetic power. Johnson has shown (Pr. 49,
148) that anœsthesia may be produced with
nit-rogen equally as well as with nitrous oxide,
and that a mixture of nitrogen with 5-7 p.c.
oxygen forms a very satisfactory anœsthetic,
producing slight or no convulsions.

Oxygen has recently been applied in the
purification of coal-gas from sulphur compounds.
It is found that if from '5-1 p.c. of oxygen is
added to the crude coal-gas before it enters the
purifiera the réduction of the sulphur compounds
to 8-12 grains per 100 cubic feet of gas maybe
effected by lime alone, the use of oxide of iron
or lime sulphide being unnecessary. If oxide of
iron is used, its eflieiency is increased. In any
case the purifying spaee needed is lessened, the
life of the purifying material is lengthened, and
the luminosity of the purified gas is consider-
ably increased. If lime is used for purification
the fouled lime (' blue billy ') has not the oh-
jectionable odour which it usually possesses
(Valon, Trans. Gas Inst.., 1889, p. 41).

It has been found that if, during the bleach-
ing of paper pulps with bleaching powder,
oxygen in a fine state of division is introduced
into the bleaching potcher, a great saving of
bleaching powder is effected, the bleached fibre
also being stronger in texture (Thorne, S. C. I.
1889, p. 83).
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Pure oxygen is also advantageously em¬
ployée! in the oxidation and thiekening of oils
for varnisk and linoléum purposes. The
tkickened oil is paler in colour tlian boiled oil,
the danger is less, as only steam heat is needed,
and the thiekening, besides being much more
rapid, is accompanied by inerease of weight in-
stead of by loss of weight as in the ordinary
process of boiling. The use of driers is also
unnecessary (Eng. Pat. 18,628, 1889).

Oxygen is now sometimes used to hasten the
maturing of spirits, the same effect being pro-
duced in a few hours or days by means of pure
oxygen aeting on the spirit in a finely divided
state as occurs under the ordinary method
of storage in casks in two or three years.

Proposais have reeently been made to use a
mixture of oil gas and oxygen as an illumina-
ting gas (Tatham, Eng. Pats. 1889, Nos. 13,763,
16,138, and 16,142). It is found that, if 15-30
p.c. of oxygen is added to an oil gas retorted at
a low température from a heavy and crade
petroleum, a gas of very liigh illuminating
power and of good travelling properties is ob-
tainetl. The gas is a perfectly safe gas, as about
its own volume of oxygen must be added to a
heavy oil gas before an explosive mixture is
formed. The same inventor proposes (Le.) to
use carburetted oxygen as a motive gas for
engines, &a. He claims that with properly
construeted valves, &c., pert'ect safety is se-
cured, and that the great expansive force of
carburetted oxygen on ignition gives results far
superior to tbose obtained in the ordinary
steam or gas engine.

The use in the manufacture of vinegar of
small quantifies of oxygen to act as a stimulant
on the mycoderma lias been reeently found to
considerably inerease the rate of acetification.

L. T. T.
OXYNARCOTINE v. Veoeto-alkxloids.
0XYT0EUENES v. Cresol.
OZOKERITE. A naturally occurring solid

kydrocarbon of the olefine, or CnH ,n sériés.
According to Grabowski, ozokerite is found
chiefiy in the Miocene formation at Boryslaw,
near Drohowycz, and in the région of Stanis-
lawow, Galic.ia. The veins in which it occurs
are 40 to 80 mètres deep, and 1 mètre in
diameter. They pass through beds of sand,
from 8 to 10 mètres deep, containing large
stones, and then through blue clay and a
plastic loam. From this blue clay, naphtha
usually springs. The centre of the basin is
richest in wax ; in some cases masses of such
extent have been tapped that the miners have
hardly had time to escape before the workings
were filled with the plastic minerai. Such a de-
posit was reeently found in the deepest shaft at
Boryslaw, at a depth of 208 métrés (227 yards).
In général, however, the yield of wax varies at
from 2 to 8 p.c. of the minerai extracted.
Ozokerite was first found in this district in 1854

by Doms, who was in search of petroleum, with
which much of the ground is saturated. At first
it was regarded as an unwelcome companion to
the petroleum, as it frequently caused the tim-
bering of the shafts to collapse. It was not
until about twenty years later that this sub¬
stance began to attain commercial importance,
a method having then been discovered of pro-

ducing from it a substance resembling beeswax
and named ceresin.

In 1865 ozokerite, which had previously
been regarded as a Crown minerai, was declared
free, and the conséquence was that a number of
shafts were sunk in the district, and much
spéculation ensued. The land being parcelled
out in small plots, the shafts were sunk in the
immédiate neighbourhood of each other, and
much waste and danger ensued. In 1886 the
présent law was passed, according to which the
l'ight of mining for ozokerite may be separated
from the ownership of the land. The extrac¬
tion is now carried out under officiai supervision.
In nearly every case the minerai is raised
through vertical shafts or pits over which a
wooden roof is erected. The section of the
shafts in the first instance is 3 to 4 square
mètres (32 square feet to 43 square feet) ; but,
when the ozokerite formation is reached, an
inner shaft 1 mètre square (10'76 square feet) is
formed of timber, and the space between this
and the timbering of the larger shaft is filled
with a rich clay. This construction is adopted
to exclude the surface-water, which is kept
down by hand-pumps during the sinking. From
the bottom of the shafts levels are driven into
the ozokerite ground, the richer portions being
raised and the refuse used to fill up the old
workings. The softer parts of the mari are dis-
lodged by means of pick or wedge ; but where
the rock is hard, and the permission of the
mining autkorities ean be obtained, dynamite is
used. The minerai is raised by hand in skips
or tubs holding 40 to 50 kilos. (88. to 110 lbs.).
Hand-ventilators are used for the purpose of
ventilation, but explosions of gas are not un-
common, especially after Sundays and holidays.
The mortality from accidents is about 2 p.c. per
annum. Safety-lamps (Mueseler or Marsant)
are used in ail the mines. The timbering of the
shafts requires constant renewal and repairs ;
in some cases it is almost impossible to keep
the shafts perpendicular.

The water is usually raised in tubs, and
much ditliculty is experienced in getting rid of
it after it reaches the surface, on account of the
numerous shafts and the broken nature of the
ground. The minerai, when it leaves the tubs,
is sorted by hand. The waste rock is picked
out and tipped to spoil, lumps of ozokerite are
specially selected, and theremainder of the rock,
containing fragments of wax, is tipped into
tanks full of water. On being well stirred, most
of the wax rises to 1 he surface and is skimmed
off. The residue still contains from 2 to 3 per
cent, of wax. The quantity of waste minerai
beiug considérable, and the distance between
the shafts small, a spécial railway has been
built to remove the residues from the immédiate
neighbourhood of the mines.

Only one attempt has been made to mine on
a large scale for ozokerite. In this case a cir-
cnlar shaft, 2 mètres (6 feet 7 inches) in dia¬
meter, and lined with iron tubbing, was sunk
outside the ozokerite zone, and the deposit was
reached by galleries. Trucks holding 500 kilos.
(1,102 lbs.) were used, and both ventilation and
pumping were done by steam-power. The opéra¬
tions on a large scale do not, however, seem to
have been successful, the French Company
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which carried them ont having now ceased
working.

The annual production bas varied from 4,000
to 18,000 tons, and in certain years the value
has exceeded 1,800,000 dollars.

Other deposits o£ ozokerite are found at
Truskawice, Starunia, and Droniacz, always in
Miocene formations.

The production of ozokerite in the Boryslaw
district amounted, in 1887, to 96 p.c. of the total
output in Galicia, and "was valued at 152,900/.
(J. Shotsky, Allg. ôsterr. Chemiker- und Tech-
niker-Zeit. 1889, 614, 651; S.C.I. 9, 597).

The ozokerite forms lumps and layers from
3 to 9 décimètres thick, so that masses are often
found about 100 kilos, in weight. The native
ozokerite is transparent, of a light-yellow colour,
and of the hardness of beeswax. The best
ozokerite is yellow or greenish, and can be easily
compressed between the fingers. This kind,
however, is not much used for the préparation
of cerasin. The composition of ozokerite may
be best represented by the formula C„H2„. It
appears to bave been forrned by the oxidation
and décomposition of the hydrocarbons of
naphtha, since the action of oxygen on these
compounds simply éliminâtes kydrogen. Thus,
for example, naphthalene gives dinaphthyl and
water: 2C,0HS + O = C20H,, + II,O. By further oxi¬
dation compounds are obtained of the formula
C„H,„, which react with the hydrocarbons of
the marsh-gas sériés, with formation of very
complex carbon compounds of various melting-
points, as for example :—

2C6H18 + 0., = C16HS2 + 2H..O, and
C16H32 + CsH18 + O = C21HJ8 + H20.

According to this liypothesis, the formation
of cerasin from naphtha by the oxidation of the
compounds of the marsh-gas sériés, and the
relationships of ozokerite, naphtha, and coal,
can be explained in the simplest nranner. The
best kinds of ozokerite are used in the prépara¬
tion of cerasin, ail foreign matters being elimi-
nated by means of sqlpliuric acid and animal
charcoal. Good cerasin is not easily distinguish-
able from beeswax. The following are the best
methods of discrimination—(1) Cerasin is not
so easily kneaded between the fingers as bees¬
wax, and is more brittle. A mixture of the two
bodies cannot be reeognised in this way. (2)
Cerasin is almost unacted on by concentrated
sulphuric acid, whilst beeswax undergoes perfect
décomposition by such treatment (S. C. I. 11,
473).

Ozokerite is known to be found in the Cau-
casus, and there are reports of its occurrence
among the Wasatch Mountains, Utah, about
173 miles east of Sait Lake City, America, where
deposits of white ozokerite, miles in length, are
said to be found.

Lach, having had samples of the Caucasian
ozokerite submitted to him, has examined them
by his process (Chem. Zeit. 9, 905 ; S. C. I. 1885,
488), with the following results :—

Caucasian ozokerite resembles an inferior
Galician variety. Melting-pcpnt of crude sub¬
stance 68°C. Treated with 20 p.c. of fuming
sulphuric acid it yields 58T p.c. of second-
quality cerasin ; m.p. 68*5°C. ; volatile portion,
1*8 p.c. The crude substance lias a répulsive

odour, is worked with difficulty in quantity, be.
cornes stiiï in the basin, and presses extremelj
badly. The price is at présent too high, and
until greater demand arises and the transporta,
tion is facilitated, the Galician ozokerite pro¬
duction. will make very strong compétition.

Nortli American or Colorado ozokerite. Here
extensive deposits of an ozokerite-like substance
are found, the supply from which is hindered
only by the transport difficulty. On being
tested, however, the material seems to be oi
little use for the production of cerasin. It is
supplied in cakes 36 x 20 x 6 cm. in dimensions.
It is a dull black, hard substance, brittle and
pulverisable, and smelling of catechu. Care
must be taken in heating it, as violent frothing
may occur from the presence of water.

The crude substance melts at 76'0°C.
Treated by the aforementioned process no

cerasin is obtained. Even when heated to 300°C.
it is impossible to filter it, although it is quite a
thin fluid. Subjeeted to distillation it gives the
following results :

Per cent.
Paraffin oil ... 90'00
Gas 2-12
Water .... 2'60
Residue .... 5'28

It commences to distil at 360°C., when nearlj
3 p.c. of oil, solidifying at 30°C., cornes over.
At a much higher température it distils steadily,
giving a very fair crude product for paraffin ei-
traction. This substance is apparently more
suitable for paraifin-making than for the cerasin
industry (B. Lach, Chem. Zeit. 13831; S. C.l
8, 696).

OZONE, or Active oxygen. Symbol 03 ; mole-
cular weight, 47'88. Van Marum, in 1785,
noticed that air or oxygen in the neighbourhood
of an electrical machine, 01* through which a
sériés of electric sparks had been passed, ac-
quired a peculiar odour, somewhafc resembling
thatof chlorine ; and Cruickshank, in 1801, noticed
a similar smell during the electrolysis of water,
But Schônbein, in 1840, was the hrst to recog-
nise that this smell was due to the formation of
a new gas, to which he gave the name ozone

to smell). Shortly afterwards he found
that ozone was also formed by the action of
moist air on phosphorus. At first this sut-
stance was eonsidered to be an oxide of bvdro-
gen, but the researches of Marignac and De la
Rive, of Andrews and Tait, of Fremy and Bec¬
querel, of Brodie, and others, and especially of
Soret, established the faet that ozone is an allo¬
tropie form of oxygen produeed by the condensa¬
tion of three volumes of oxygen into two of ozone;
or, in other words, that, whilst the molecule of
oxygen eontains two atoms, that of ozone con-
tains three. Its formation may be expressed by
the équation 302 = 203. One view held for some
time was that ordinary oxygen was compose!
of négative oxygen, or ozone, and positive oxygen,
or anlozone, but the existence of the tkird foin,
or antozonc, bas been disproved.

As already stated, ozone is formed when a
sériés of electric sparks is passed through oxygen
or air, but the proportion of the oxygen so trans-
formed is very small. A much larger proportion
of ozoue is formed when the silent discharge is
substituted for the spark discharge.
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For this purpose a slow current of air or
oxygen is passed between the terminais of au
induction coil placed at a short distance apart
and made as large in area as possible. The
Siemens ' induction tube ' consists of an inner
tube, which is either of métal, or, if of glass, is
lined or covered with tinfoil, and a rather larger
outer tube, which is covered with tinfoil. A
current of air or oxygen is passed through the
narrow annulai- space between the tubes, the
metallic surfaces of the inner and outer tubes
being connected with the terminais of an induc¬
tion coil or electrical machine, and thus trans-
formed into terminais of large area. A better
resuit is said to be obtained when no glass inter-
venes between the terminais. A number of
modifications of this apparatus have beeu sug-
gested—in some of these the metallic terminais
are replaced by good condueting solutions, such
as copper sulphate solution, &c., in others by
shot, powdered graphite, &c.—but in ail the
principle is the same, viz., the passage of a cur¬
rent of oxygen between terminais of large area,
placed very close together, and thus offering
as little résistance as possible to the Silent
discharge and reducing sparking to a mini¬
mum.

More ozone is obtained when a current of
oxygen is used than when air is employed. The
proportion isalso increased bythoroughly drying
and cooling the oxygen, by increasing the pres¬
sure, and by bringing the terminais as near to¬
gether as possible. Sparking is very detrimental,
destroying much of the ozone formed. The best
resuit appears to be obtained when there is a
continuous ' glow ' discharge. If the air is moist,
some nitric acid is almost invariably formed.
Under the most favourable conditions, and when
great care is taken to keep the température of
the apparatus and gas low, about 25 p.c. of the
oxygen may be converted into ozone ; but ordi-
narily, or on the large scale, the proportion ob¬
tained is much smaller.

Leeds, using a battery of six induction tubes
«xcited by a twelve-cell galvanic battery and
Buhmkorff coil, giving a 45-inch spark, obtained
on an average 2 litres of ozonised oxygen, con-
taining 5 p.c. ozone per hour. The ozonisera
were placed in a refrigerating chamber and sur-
rounded by dry air at 0° (0. N. 40, 249).

Ozone may be obtained in small quantifies
by putting a few pièces of clean phosphorus in
a bottle containing oxygen or air and a little
water. In about an hour the smell of ozone will
be obvious, and the phosphorus should then be
removed, otherwise the ozone rapidly disap-
pears -, or a current of oxygen or air may be
passed through one or more Woulfi's bottles
•containing pièces of moist phosphorus, and
finally through water. In this way slightly
ozonised air or oxygen is obtained. This re¬
action does not take place at or below the freez-
ing-point of water, nor unless moisture is
présent.

Ozone is produced in small quantifies when
a heated glass rod is plunged into a mixture of
air and ether vapour.

The oxygen evolved during the eleetrolysis
of strongly-acidulated water contains a small
quantity of ozone, but this does not exceed 3J0 of
•the evolved oxygen.

By the action of strong sulphuric acid on
barium peroxide, oxygen containing a considér¬
able quantity of ozone is given ofi.

Fluorine décomposés water, and this reaction
is accompanied by the formation of ozone
(Moissan, C. II. 103, 202 and 256).

Ozone is produced in minute quantity during
the evaporation of water, especially when the
latter is in the form of spray. This probably is
one source of the ozone présent in sea air.

Many organic substances, such as turpentine,
some of the essential oils, pièces of apple, &e.,
have the property of producing small quantifies
of ozone when exposed to the air.

Proparties.—Ozone is a gas having a charae-
teristic and very strong odour somewhat re-
sembling that of dilute chlorine. Ozone has
never been obtained pure in the gaseous form,
always being diluted with oxygen. When ozo¬
nised oxygen is subjected to a pressure 1 of 125
atmosphères at the boiling-point of ethylene
( — 103°) ozone is condensed in the form of a
deep-blue liquid, the superincumbent highly
eompressed gas being also of a deep-blue colour
(Hautefeuille and Chappuis). Liquid ozone is
also deposited when a slow current of ozonised
oxygen is passed through a tube, cooled by being
surrounded by boiling oxygen ( — 181°). When
the pressure is removed, or the température al-
lowed to rise, the liquid ozone evaporates to a
blue gas. The boiling-point under atmospheric
pressure is —106° (Olzewski). The blue colour
is not generally apparent in ozonised oxygen,
owing to the dilution by the oxygen. But, when
viewed through a layer of a yard or more in
depth, ozonised oxygen is seen to have a dis-
tinctly blue colour. It is possible that the blue
colour of the sky is in part due to the ozone
présent in the atmosphère.

Yery varying statements are made as to the
solubility of ozone in water, some observers
stating that it is insoluble. It is undoubtedly
somewhat soluble, however, though the degree
has not yet been satisfactorily determined. From
some of the most trustworthy results it appears
to be at least ten times as soluble in water as

oxygen is. Thus Carius found the coefficient at
1° = -834, Schone at 18° = -366, and McLeod at
14° = -274. The solution acts as a powerful
oxidiser, and has the characteristic odour of
ozone. The ozone in solution gradually dis-
appears, and simple agitation of ozonised oxygen
with water destroys much of the ozone.

Ozonised oxygen, at ordinary températures,
when dry and in vessels from which the air is
excluded only slowly décomposés. At 100° the
décomposition is somewhat more rapid, and at
260° it is instantaneous. Mulder finds—other
conditions remaining the same—that the rate
of décomposition of ozone in admixture with
oxygen varies in proportion to the percentage of
ozone, and increases rapidly with increase of
température. Moist ozone is less stable than
dry.

Ozone is a very strong oxidising agent, giving
up one third (one atom) of its oxygen very
readily. Thus it converts copper,. mercury,

1 During compression care must be taken to keep the
température from rising much, as otherwise during rapid
compression the ozone is liable to explode with greaî vio¬
lence.
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silver, and iron into the corresponding oxides,
but this reaction appears torequire the presence
of moisture. Ozone has a remarkable elïect on

mercury, one bubble of oxygen, containing of
its bulk of ozone, being suffieient to alter the
physical condition of several pounds of mercury.
The mercury loses its mobility, convexity of
surface and lustre, and adhères to the surface of
glass. If the ozone is moist, permanent oxida-
tion takes place, but if perfectly dry the mercury
is said to recover its usual physical properties
when exposed to dry air. Ozone oxidises most
organic compounds, destroying caoutchouc and
vulcanite, for instance, very rapidly, so that
caoutchouc and vulcanite connections must be
avoided in its préparation. It oxidises sulphide
of lead tosulphate, ferrocyanides to ferricyanides,
manganous to manganic compounds, and so on.
Dry ozone is absorbed by dry mercury and dry
iodine. Ozone bleaches many vegetable and
animal colouring matters, such as indigo, litmus,
blood, &c.

Dry ozone is decomposed in unlimited quan-
tity by the peroxides of manganèse and lead, by
black oxide of copper, and also by dry silver
leaf, the oxides or silver undergoing no perma¬
nent change. These effeets are probably due to
the successive- or simultaneous formation and

décomposition of higher oxides. In the case of
silver leaf the alternating formation and décom¬
position of silver oxide may be observed. In
some cases ozone acts, like hydrogen peroxide,
as a deoxidising agent on highly oxidised com¬
pounds. Thus hydrogen peroxide is reduced to
water, and bariurn peroxide to the monoxide.
In these cases the ozone is simultaneously de¬
composed : 03 + Hj02 = 20o + H„0. Ozone is also
decomposed when agitated with powdered glass,
or by passage over spongy platinum or palla¬
dium. It is, however, without action on per-
manganic or perchromic acids.

Moist ozone oxidises phosphorus, sulphur,
sélénium, tellurium, and arsenic to phosphoric,
sulphuric, selenic, telluric, and arsenic acids,
ammonia to nitrous and nitric acids, and silver
and lead to their peroxides. It libérâtes iodine
from potassium iodide, the potassium being
converted into the hydrate 2KI + 03 + H,0 =
2KOH + 02 +1. This reaction forms one of the
best means of determining the amount of ozone
in a gas, as the iodine liberated can readily be
estimated by titration.

In ail the above oxidations the volume of the
gas remains unaltered, the molecule of ozone
giving up one atom of oxygen to the substance
and leaving a molecule of oxygen: Cu + 03 =
CuO + 02. Turpentine and many essential oils,
however, absorb the ozone molecule as a whole,
and the reaction has been utilised to détermine
the composition of ozone. Thus, if a carefully
measured quantity of dry oxygen is ozonised,
the contraction carefully noted, and then the
résultant gas shaken with turpentine, the ozone
is absorbed with a further contraction, twiee as

great as the first, the remaining gas being
oxygen. This points to the contraction of three
volumes of oxygen to form two of ozone, and
this resuit has been confirmed by Soret, who
determined the relative rates of diffusion of
mixtures of ozone and oxygen and of chlorine
and oxygen. The molecule of ozone, therefore,

contains three atoms of oxygen, one of whichii
easily liberated in the nascent state, and so
forms a powerful oxidiser, 03 = 02 + 0.

The great chemical activity of ozone is pro¬
bably due to the fact that it is an endothermic com-
pound, and thus gives outa considérable amount
of heat when it décomposés. The heat of forma¬
tion of ozone (48 grams) from oxygen has been
determined by several chemists. Berthelot'j
results gave —29-6 cals., Van Meulen's -82-6
cals, by oxidation of arsenious acid and — 366
cals, by direct décomposition by platinum
sponge.

Ozone gives an absorption spectrum consist-
ing of numerous broad bands. From the com-
parison of the sun's spectrum, as seen at dif¬
férent periods of the day, with the ozone absorp.
tion spectrum, Hartley concludes that ozone is
always présent in the upper portions of the
atmosphère.

Ozone is most readily detected by means ot
paper moistened with a mixture of starch and
potassium iodide. If ozone is présent, iodine is
liberated, and the starch paper coloured blue.
This reaction, however, is also produced by
nitrous and nitric acids, by chlorine, &c., so that
it is not conclusive. A more conclusive test is
to take a piece of neutral litmus paper anl
moisten half of it with a neutral solution of

potassium iodide. If now this paper is subjected
to the action of ozone the potassium iodide is
oxidised and caustic potash formed, whiehat
once turns the litmus paper blue. The turninj
blue of the part of the litmus paper not treated
with the iodide would indicate the presence of
any ammonia, which might otherwise be taken
for ozone. Chlorine, nitrous acid, &c., if pré¬
sent, would form a neutral potassium sait, or
would show an acid reaction. If, then, the
untreated end remains the neutral purple vvhilst
the iodised end turns blue, the presence of
ozone is pretty conclusively proved. Papers
moistened with guaiacum or with tetramethylene-
paraphenyldiamine, both of which are turnel
blue by ozone, are very sensitive, but, lile
iodised starch paper, are also similarly acted on
by other oxidising agents. For the quantitative
détermination of ozone the potassium iodide
reaction is the best. If the presence of oxidising
agents other than ozone is suspected, two esti¬
mations should be made, the one of the gis
in question, the second after the gas has been
passed through a tube, heated at 260:' to destroj
the ozone. The différence of the two tests gives
the ozone présent.

Ozone is présent in minute quantities in the
atmosphère. Its principal sources are probably
the electric discharge during thunderstorms, the
silent discharge from thunder-clouds, the evapo-
ration of water, and especially of saline waters,
as in the sea foam, and the action of some

vegetable products on the air. Wursterfound
(B. 19, 3208) that ozone is also formed by the
action of sunlight on clouds. "When clouds aie
continually formed from above (i.e. in sun¬
light), ail become laden with ozone, whilst when
they are formed from below the upper loyers are
much more charged than the lower.

The ozone présent in the atmosphère probably
plays an important part in keeping the air pure
and fresh and destroying the deleterious organic

IRIS - LILLIAD - Université Lille 1



PAINT3. 05

matter constantly passing into the atmosphère
from decomposing llesh, animal exhalations, &c.
In the open country, and especially by the sea-
side, ozone can always be detected, but in the
air of large towns it is either absent or présent
in mucli smaller quantifies. Riohardson has
proposed (Aselepiad, 1887) the artificial produc¬
tion of ozone for the purpose of purifying the

.air of sick-rooms and even of towns, suggest-
ing the Wimshurst electrical machine as pro-
bably a suitable ozone generator for tbis
purpose.

ÎVhen présent in the air in very minute quan¬
tifies ozone appears to be very advantageous to
health, but if the quantity présent is enough to
be readily detected by the odour it is found
to have a very irritating and liarmful effect on
the mucous membrane and the System, pro-

ducing headache, influenza, &c. If the quan¬
tity présent is large it becomes a strong irritant
poison. Slightly ozonised air and oxygen is now
sometimes used medicinally, especially in pul-
monary complaints.

Besides its médicinal uses, ozone has been
employed, apparently with some success, for the-
rapid aging of spirits (Tieillard). It has also
been utilised to oxidise alcohol to aldehyde and
to vinegar, as a bleaching agent in the manu¬
facture of stearine wax and other organic sub¬
stances, but the présent methods are still too
costly to allow of its practical commercial
application. It is used for bleaching discoloured
engravings, &c., the engraving being rolled up
and introduced into a glass vessel, in the bottom
of which some water and pièces of phosphorus.
are placed. L. T. T.

P

PACHNOLITE (irà\vn, rime). A fluoride of
aluminium, calcium, and sodium, occurring as
an incrustation or efïïorescence on cryolite. It
is regarded by Knop as a hydrated cryolite in
which two-thirds of the sodium are replaced by
calcium (A. Knop, A. 127, 61 ; Wôhler, J. M.
1876).

Composition.—
Al. Ca. Na. F. H.,0.

13-43 17-84 10-75 49-78 8-20 = 100-00

PACKF0NG 01- PACKTONG. A Chinese
alloy resembling nickel silver, and of a similar
composition.

PACO or PAC0S. A Peruvian term for a

ferruginous earth or ore containing small quan¬
tifies of metallic silver.

PJE0NINE (Red Coralline or Aurine R.) v.
Aïïrike.

PAINTS. Définition.—Coloured composi¬
tions, usually liquids, which can be applied with
a brush to suitable surfaces. The coverings
formed are either dull or only moderately lus-
trous ; and they often act as protectives and
preservatives of the surfaces beneath. Generi-
cally, paints differ from varnishes in yielding
coatings possessing less lustre, and in the ab¬
sence of resinous ingrédients ; but there are
certain exceptions to this. Ordinary paints
consist essentially of two parts, the pigment or
colouring agent, and the médium or vehicle. A
third constituent, the drier, is often présent ;
and in some paints, manufactured for particular
uses, such as luminous paints, anti-corrosive
paints, and waterproof paints, other components
of the most various descriptions are met with.

In this article the term ' pigment ' will be
confined to those substances to which paints
owe their colours, while ' paint ' will be em¬
ployed in reference to the combinationof pigment
and médium, ready for use by the painter. Cer¬
tain pigments will be first described, and then the
vehicles by which these pigments are converted
into paints. Driers will next be referred to ;
and, lastly, paints themselves.

Pigments. Définition. — Finely divided
solids, insoluble in water, and yielding paints
when intimately mixed with suitable média.

Origin.—Pigments are obtained from animal,
vegetable, and minerai sources, chiefly the last.
Inorganic irigments comprise minerais and
manufactured joroducts, mostly metallic salts or
oxides ; such pigments are usually more per¬
manent than those of vegetable or animal origin.

Characters.—1. Body or covering power, i.e.
the property of completely covering and conceal-
ing the surface beneath. 2. Drying property,
when combinée! with a médium to form paint.
3. Durability. 4. Quality of tint.

Pigments may be of ail degrees of opacity,
and they also differ greatly from one another in
density and in the state of aggregation of their
particles. Some are opaque and amorphous ;
others are crystalline and translucent or trans¬
parent. The greater the density and opacity of
a pigment, the greater is its body. Crystalline
powders, however impalpable, have less opacity
tlian amorphous powders, hence the gréât
superiority as regards covering power of the
latter. The drying property of a pigment (in an
oil paint) dépends upon its power of oxidising
or promoting the oxidation of the médium with
which it is mixed ; this property is possessed
in a much greater degree by some pigments
than by others. And siccatives or driers must
be added when the pigment is known to be
déficient in this oxidising or drying power.
Durability is tested by the power of the pigment,.
when made into paint, of resisting the action
of moisture, fetid gases, acid vapours, exposure
to the atmosphère, &o. As a rule, pigments are
more durable when mixed with oil than when
in the form of water-colour paints. Quality of
tint dépends largely upon the exact manner in
which the manufacture of a pigment has been
carried out. In a case, for example, where the
pigment has been precipitated from a solution,
the shade of colour will vary with the amount
of care devoted to the washing of the precipitate
—a very small percentage of impurity being the
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cause o£ a marked différence in the tint. The
degree of subdivision of a pigment also has a
most important influence on its colour.

Préparation.—The pigments of commerce
are so exeeedingly numerous that it will be im¬
possible to describe the différent manufacturing
processes by which they are obtained (an excep¬
tion will be made, however, in the case of white
lead, for the reason given under that heading) ;
but the important opération of grinding must
be alluded to. It is absolutely essentiai that
every pigment shall be in an extremely fine state
of division. The colours made use of by house-
painters and paper-stainers are pulverised and
mixed by paint-grinders, while the more nume¬
rous and brilliant pigments used in the fine arts
are ground by artists' colourmen. Formerly, most
pigments were ground by hand on a grinding
stone with the aid of a muller, but the unhealthy
and dangerous nature of the opération, espe-
cially when orpiment, white and red leads,
chrome yellow, and many other important pig¬
ments, were treated, led to the introduction of
colour mills, in which larger quantifies of pig¬
ments can be ground, and mixed in covered
vessels, so that the risk to the workmen is very
greatly lessened. [For construction and figures
of colour mills, paint-mixers, &e., reference may
be made to Audés, Bolley-Bimbaum's Handb.
d. Chem. Technol., Neue Folge, Liefg. 4, 1882,
100-112 ; v. also Schlager, Germ. Pat. 18,952,
Feb. 1882, and Clark, Eng. Pat. 16,034, Nov. 6,
1888.]

The best-known pigments, classified accord-
ing to colour, will now be considered, and par-
ticulars will be given of their origin and
composition. Many unimportant and little-used
pigments will be intentionally omitted. For
further détails v. Pigments.

White Pigments.
White Lead (Gêruse, Blanc de Plomb, Blei-

weiss). As this important pigment is the basis
of almost ail paints in ordinary use (excluding
artists' colours), and, indeed, constitutes about
nine-tenths of their composition—the other pig¬
ments présent being technically called the
' stainers '—a fuller account of it is neeessary
than of the rest of the pigments. The history
of paints may almost be said to be conterminous
with the history of white lead.

Composition.—White lead is a hydroxycar-
bonate of lead, but its composition is un-
doubtedly variable, among the numerous
formulœ given being the following :—
(Rose)—6PbC03.2PbH,02; or 5PbC03.2PbH.,0„ ;
or 3PbC0.,.2PbH202. (Mulder, 33, A. 242) —
5PbC03.3PbH202 ; or 3PbC03.PbH202 ; or
2PbC03.PbH302. (Phillips, C. ' J. 4, 165)—
2PbC03.PbH,02, usually; or 3PbC03.PbH202;
and, of one sample, 5PbC03.PbH„0„. (Griineberg,
Polyt. Centralbl. 36, 1404)-2P"bC03.PbH.,02.
(Bolley, Pldb. d. Techn. 11, Bd. 5, Liefrg. 1, 483,
et seq.) —3PbC0s.PbH202 ; or 2PbC03.PbfI,02.
(Wigner and Harland, A. 2, 208, and Muter,
Pharm. Chem.)—3PbC03.PbH202 (Church, A. H.)
—2PbC03.PbH202. (Atkinson, S. C. I. 5, 312)—
Japanese white lead, 2PbC03.PbHo02 ; and
(Carter Bell, S. C. I. 3, 627) 3PbC03.PbH.,02 ;
or 2PbC03.PbH.,02. Good white lead is either
2PbC03.PbH202 or 3PbC03.PH202. The latter

formula is équivalent to 12-30 p.c. of CO,
and, according to Wigner and Harland, op.
cit., samples containing much more or mucli
less C02 are of inferior quality. Griineberg
(op. cit.) states that white lead containing more
PbH.,02 than is represented by the formula
2PbC03.PbH202 will turn yellow in a few hours
when mixed with oil and kept from the light, a
paint made from pure PbH,02 turning yellow in
the dark in forty-eight hours. White lead oi
the formula 3PbC03.PbH202 is most generally
approved, and the PbH202 should neither exceed
nor be much below 25 p.c. (Carter Bell, op. cit.).

Characters of good white lead.—A perfectly
amorphous white pigment, possessing great
opacity, density, and covering power, and the
property of drying rapidly, when mixed with
linseed or a similar oil, and exposed to the air.
The hydroxide combines with the oil, fOrming
a white elastic coating or paint ; but lead hy¬
droxide alone would give little opacity, which is
imparted by the carbonate présent. The latter
forms an emulsion with the oil, of extreme
opacity. Both, then, are essentiai.

Manufacture. — The oldest, and so-called
Dutch or ' stack,' process is still carried on tos
large extent in Holland, Belgium, parts of Ger-
many, and in this country. Metallic lead is
exposed to the action of acetic acid vapour,
moisture, air, and carbonic acid, in the following
manner. Coils, buckles, or gratings of lead are
supported on wooden frames in earthenware
pots, 4 or 5 inches in diameter and 7 or 8 inches
high, containing a little acetic acid or vinegar
and covered with leaden plates. The pots are
imbedded in layers of fermenting horse-dung, or
tanners' refuse, or a mixture of the two, anl
above are' laid wooden planks, on which are
other pots, similarly charged and imbedded in
dung, or tan, or both. A succession of such
layers constitutes a stack, and the opération is
often condueted in large brick chambers, capable
of holding 70 tons of stacked lead. Carbonic
acid and water vapour are produced by the dé¬
composition of the organic matter ; the tempéra¬
ture of the stack gradually rises to 38-65°C.;
and a mixture of acetic acid vapour, carbonic
acid and moist air rises and passes over the
surface of the lead. Lead oxide is at first
formed, and is converted into basic acetate by
the action of the acetiô acid and water vaponr.
A portion of the lead oxide présent in the basic
acetate is converted into white lead by the action
of the Carbon dioxide, normal lead acetate being
at the same time produced. The normal acetate
is reconverted into sub-acetate by taking up
fresh lead oxide, and is then in a condition to be
again attacked. This action is allowed to pio-
ceed until the température of the stack begins
to fall, generally in 3 to 4 months' time. The
stack is now stripped, and the coils or gratings
of lead, coated with white lead, which should
consist of regularly deposited layers of a com¬
pact, porcellaneous character, are removed,
moistened with water, and passed between rollers.
The detached crust is next ground with water
under heavy edge runners, and afterwards passed
through horizontal mills into settling tanks.
The final opérations are drying and packing.
The deposited white lead is sometimes trans-
ferred to skips and agitated by a ' dolly,' befora
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convenance to the drying chamber (Carter
Bell). A German modification of this process
consists in exposing strips of lead on laths
placed Iengthwise in chambers, the floors of
which are covered with spent tan, marc of
grapes, &c., saturated with vinegar. Sometimes
steam is admitted through perforations in the
floor or false bottom of the chamber. Another
method adopted in Germany is to place granu-
latei lead, moistened with vinegar, on hurdles
in wooden boxes, carbon dioxide being supplied,
and the température being raised by steam to
35°C. Time, eight to ten weeks. In Great Britain,
a process much followed is treatment of litharge
with water and 1 p.c. by weight of normal
acetate, or nitrate of lead (Watts' Dictionary of
Chem. first ed. 1, 786). The mass is placed in a
sériés of closed troughs, communicating with each
other, and C02 is admitted. The Japanese
method of manufacture is founded on the same

principle as the Dutch process—namely, expo-
sure of metallic lead to acetic acid, air, moisture,
and CO, ; the product has the percentage com¬
position, PbO, 86-42, C02, 11-60, and OH„, 2-00
(R. W. Atkinson, S. C. I. 5, 312). Nearly ail the
white lead of the world is made by one or other
of the direct methods already described, although
attempts to introduce other processes have been
exceedingly numerous. Among earlier patents
may be mentioned those of Leigh —precipitating
ehloride of lead solution by ammonium car¬
bonate : Pattinson (Sept. 1841)—precipitating a
solution of lead ehloride by magnésium bicar¬
bonate solution, and triturating the lead car¬
bonate produeed with caustic potash or soda
solution, in order to convert any unehanged
PbClùnto PbH„0„: Spence—obtaining white lead
directly from lead ores : Button and Dyer—pre-
paring basic lead acetate from litharge, and
subjecting to the action of carbon dioxide :
Palier (1859) —moistening lead, previously finely
divided by the aid of a centrifugal machine,
with acetic acid, treating the resulting acetate
and carbonate with acetic acid, and depositing
tbe white lead in a settling tank : Grûneberg
(1860)—submitting granulated lead while in
rapid motion to the simultaneous action of air,
acetic acid, and carbon dioxide : Tourmentin—
mixing basie lead ehloride, obtained by the action
of sodium ehloride on litharge, with water,
passing in C02, and boiling the fluid in leaden
pans with chalk ; the deposited white lead being
freed from sait by washing with water ; and
Krafft—manufacture from sulphate of lead, by
boiling with barium acetate ; white lead and
barium sulphate (also used as a pigment) being
produeed together. Another method suggested
was to digest sulphate of lead with sodium or
ammonium carbonate.

In some of these methods, the métal was
granulated ; the espeeial feature of others was
the particular kind of apparatus employed; in
several, a sait of lead, such as PbSO, and PbCl2,
or the oxide, litharge, was substituted for metallic
lead; and in at least the majority of cases the
pigment was precipitated. Precipitation-pro-
cesses, in particular, seem to attract inventors ;
but tbey possess the disadvantage of yielding,
not an amorphous, but a crystalline product.
However finely ground the pigment, its particles
are always transparent and of a crystalline

Vol. III.—T

eharacter, so that the paint yielded by it must
be déficient in body or covering power ; and it is
doubtful whether the crystalline particles can so
readily combine with the oil.

One of the most familiar of the precipitation-
methods is that known as the Prench process,
invented by Tliénard & Roard, and earried on
now at Clichy, near Paris. Litharge is dissolved
in acetic acid, and carbon dioxide is passed into
the solution of basic acetate produeed. Many
other précipitation methods have been proposed :
the following are outlines of some of the more
recently invented proeesses :—Milner (Eng. Pat.
4,053, Nov. 22, 1875; an improvement on pre-
vious patents, Dale & Milner, Eng. Pat. 2,442, Ang.
10,1869, & Milner, Eng. Pat. 1,881, June22,1872)
—préparation of insoluble basic ehloride of lead,
by agitating litharge, sait, and water together,
and suspension of the basic lead ehloride in a
mixture of caustic soda and sodium ehloride
solutions ; finally treatment with C02 in a lead-
lined vessel ; Schnabel (D. P. J. 246, 300) dis¬
solves PbO, obtained as a residual product in
the manufacture of zinc white, ZnO, in warm
acetic acid, and précipitâtes the resulting basic
lead acetate solution with CO, : Condy (Eng. Pat.
1,095, Mar. 14,1881; Eng. Pat. 1,693, Jan. 18,1884)
granulates lead, places it in tanks where it is
alternately exposed to air and dilute acetic acid,
at short intervais, and précipitâtes the basic
acetate solution obtained with sodium bicarbon¬
ate ; the whole opération is said to be effeeted
in seven days. According to a later patent
(18,705, Dec. 21, 1888), Condy uses carbon
dioxide, followed by an alkaline carbonate.
Blyth (Eng. Pat. 10,375, July 19, 1884) treats
litharge with a solution of normal acetate
of lead in a vessel with a false bottom, and pré¬
cipitâtes with C02 supplied from beneath : Roth
& Sylvester (D. P. J. 252,372 ; Amer. Pat. 292,119,
Jan. 15, 1884) employ electricity ; the current is
passed through a solution of sodium acetate,
leaden plates being used as the electrodes ; lead
acetate and caustic soda are formed, and produce
PbH,02 bymutual reaction ; this is converted into
white lead by a stream of CO„ : Wilson (Eng. Pat.
6,464, Ap. 17, 1884) obtains basic acetate of lead
by the alternate action of air and steam, and of
normal lead acetate or nitrate, upon finely divi¬
ded metallic lead, contained in a revolving drum
provided with shelves ; the précipitation is effee¬
ted in another vessel : Anderson (Eng. Pat. 5,166,
Dec. 18, 1884) submits lead in a rotating drum,
to the alternate action of a hot blast of air and
the solvent liquid, précipitation being accom-
plished either in the drum itself or in a separate
vessel: Eyckens (Eng. Pat. 1,832, Feb. 8, 1886)
makes use of the f aets that a solutionof leadnitrate
couverts lead into lead hydroxide, itself becoming
lead nitrite, and that lead nitrite, on the pro-
longed action of lead, parts with another molé¬
cule of oxygen, forming lead hydroxide and
nitric oxide. The latter is reoxidised by atmo-
spheric oxygen into a mixture of nitrous and
nitric acids. These, together with PbH202, pro¬
duce lead nitrite and nitrate, the solution of
which can again oxidise and dissolve lead. Poly-
basic salts are formed by the eombination of the
lead hydroxide and lead nitrite, and Eyckens finds
that carbon dioxide can return such polybasie
salts to the normal condition by precipitating
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the excess of base as PbC03 + PbH.,0„, thus :
[Pb(NO.,)2.3PbO] + 2H„0 + 2C02 = Pb(N02)2 +
H.,0 + 2PbC03.PbH20,. A relatively small quan-
tity of lead nitrate, which is constantly being
regenerated, can convert an indefinitely large

. quantity of lead into white lead. In working the
proeess, shavings of lead are put into a closed
eylindrical chamber or converter, togetber with a
solution of lead nitrite, and a mixture of air and
carbon dioxide, suitably heated, is injeeted. The
gases pass from the converter through towers
filled with polybasic lead nitrite. This retains
ail free nitrous acid; and is converted into normal
Pb(N02)2. The liquids are frequently transferred
between the converter and towers, and the white
lead collects at the bottom of the converter,

. whence it is drawn off as fast as produced, for

. filter-pressing, washing, and drying : Lôwe (Eng.
Pat. 9,122, June 27, 1887) précipitâtes lead car¬
bonate from a solution of lead nitrate or acetate,
by adding sodium or potassium bicarbonate, and
he adds tp the carbonate so produced basic lead
acetate, white lead being deposited : Orr (Eng.
Pat. 15,406, Nov. 11, 1887) adds to litharge,
mixed with water under slight pressure, acetic,
propionie, valerianic, butyric, or nitrie acid, and
subsequently injects into the mixture carbonic
acid ; Maclvor and others (Eng. Pat. 10,426, July

. 18,1888, and 6815, Ap. 23,1889) cause ammonium
acetate to act upon lead oxide, carbon dioxide
being afterwards introdueed. The white lead
formed can be filtered off, and the solution of
ammonium acetate is used in the conversion of a

fresh charge of lead oxide : Bronner (Eng. Pat.
16,706, Oct. 22,1889) préparés basic lead sulphate
by heating PbSO., with soda-lye, and conyerts the
2PbS0.,.PbH202 into white lead by heating with
sodium carbonate, according to the équations :
(a) 3PbS04 + 2NaOH = 2PbS04.PbH,02 + Na2S04,

and (b) 2PbS04.PbH202 + 2Na2C03
= 2PbC03.PbH202 + 2Na2S04. . .

A very satisfactory productis stated to be yielded
by this method, the cost of which is said to com¬
pare favourably with tbat of the stack proeess :
Zeitler's method (Eng. Pat. 2,812, Feb. 16, 1891)
is not dissimilar : finally, there is the method of
Tibbits (agent, Lake, Eng. Pat. 18,076, Nov. 12,
1889), according to which a lead electrode is
electrically dissolved in an electrolyte containing
free or nascent carbon dioxide, the lead com-

pound formed by electrolytic action being pre-
cipitated to form white lead.

Many modifications of the direct method of
manufacture have also been suggested, some of
them with the view of substituting, for treat-
ment in open chambers to which workmen must
have aceess, opérations in closed vessels or
chambers, from which the exeeedingly injurious
vapours and dust generated in the older pro¬
cesses cannot escape. The chief patents which
have been taken out of late years are here
enumerated. Thompson (Eng. Pat. 4,056, Oct.
6, 1880, and 18,431, 1881) conveys perforated
sheet lead on trucks into a chamber heated by
steam pipes, provided at the bottom with troughs
charged with dilute acetic acid, and supplied
with air and C02 by glass pipes. The invention
of Morris (Eng. Pat. 13,444, Sept. 18, 1888) is
in some respects similar. Gardner (Eng. Pat.
731, 1882 ; Germ. Pat. cl. 22, 25,239, Aug. 19,
1882) granulates lead by dropping it into a

tank of lead acetate or nitrate solution, and
transfers to chambers heated to 37'7°0., and
so constructed that the lead, its supports, and
thé lining of the chamber connected with these
supports, constitute a battery of galvanie pairs
or couples. • Acetic acid vapour, ozonised air,
moisture, and C02 are supplied to the chamber
during the earlier part of the proeess; thea
steam and air, at 49-54°C. ; and, lastly, air
only. The dried contents of the chamber
are next transferred to a revolving iron cage,
in which the white lead is separated from
the blue lead, ready for treatment by crushing
rollers, mixers, paint-mills, &c. This proeess is
said to answer satisfactorily, and to oecupy only
about fourteen days. Kirberg (D. P. J. 253,
296 ; Ger. Pat. 27,398, Nov. 28, 1883) places the
lead to be converted on carriers, so suspende!
in entirely closed- and dust-tight chambers that
the material can be agitated from without, ready-
formed white lead being thus shaken off, and a

,fresh surface of the métal exposed. Hand Smith
(Eng. Pat. 5,862, Dec. 26, 1883) employa a
corroding chamber inclosed in an outer vessel
heated' to 49-60°C. Air and C02 are supplied
to the interior of the chamber, under a slight
pressure, and through diaphragms of a textile
fabric saturated with dilute acetic or nitrie acid;
or a tray of concentrated acid may be put on
the floor of the chamber. Haylor, Bead, & Perci-
-val (Eng. Pat. 13,115, Oct. 30, 1885) use cham¬
bers, the floors of which are covered with acetic
acid and heated by steam-pipes. Perforated
boxes, with their edges immersed in the acid,
supply air and C02 from without. The in-
crusted leaden gratings are removed by lifts,
travelling bands, or otherwise to the mil!
Warwick (Eng. Pat. 5,820, Ap. 29,1886) converts
lead, previously granulated, into white lead, in a
.circular chamber, provided with shelves so ar-
ranged that the métal passes very gradually
from top to bottom, meeting, during its descent,
rising water- and acetic-acid vapours, mingled
with air and C02. The white lead produced is
broken up by granité balls, in a horizontal re¬
volving drum, into which air is blown at the
,same time ; the finer particles of the pigment
are thus ejected into a dust-chamber, fromwhick
they are afterwards removed, for use as an especi-
ally fine andpure préparation. Thepowderremain-
ing behind is thrown into water and ground under
edge runners. [For other novelties or improve-
ments, more espeeially connected with apparatns
and plant, see the following :—Martin, Eng. Pat.
1,054, Mar. 18,1879 ; D. P. J. 254,489; Ger. Pat.
28,322, Aug. 31,1883: Kay, Eng. Pat. 727, Jan. 5,
1884 : Kirberg, D. P. J. 254,489 ; Ger. Pat. 28,528,
Jan. 9, 1884 : Bennett, Eng. Pat. 8,725, July 3,
1886; see also, for other information relative to
White Lead Manufacture :—v. Weise, D. P. J,
208, 434 ; C. J. 26, 1268 : Wittstein, D. P. J.
212, 223 ; J. 1874, 1119 ; Hampe, Am. Ch. 5,
241; J. 1875, 1074: and Zeitler, Eng. Pat. 2,812,
Feb. 16, 1891.] V. White lead, art. Lead.

Adultérations of white lead.—Barium sul¬
phate and chalk principally ; but calcium sul¬
phate, clay, lead sulphate, &c-, are also added.
Most of the cheaper so-called white lead in the
market contains an admixture of barium sul¬
phate or some other adultérant. Some of these
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substances are themselves used as white pig¬
ments of inferior quality.

Substitutes for white lead.—The chief, if not
the only, objections to white lead as a pigment
are its poisonous character and its tendeney to
darken in an atmosphère containing sulphuretted
hydrogen. Many substances have been proposed
as substitutes, but ail are inferior to white lead in
body. Sulphate of lead (Richardson, 1834) ; oxy-
ckloride of lead, Pb(OH)Cl (Pattinson, 1849),
prepared by precipitating a liot solution of lead
chloride with lime water ; zinc oxide ; zinc sul-
phide ; and a mixture of oxide, sulphide, and
sulphate of zinc, have been manufactured for
tins purpose. Most of tKese compounds are less
injurious to health than white lead, but it is
hardly necessary to state that only the zinc com¬
pounds retain their colour when exposed to sul¬
phuretted llydrogen. Griffiths' ' Patent Zinc
White,' 5ZnS + ZuO, is said by Phipson (C. N.
3.8,105 ; C, J. 34, 1017) to possess considérable
covering power. ït is prepared by precipitating
zinc chloride or sulphate with a soluble sulphide,
calcining the precipitate, and plunging it while
hotinto cold water. Freeman's 'Patent Non.,
Poisonous White Lead' is especially prepared
lead sulphate, together with 25 p.c. of zinc oxide,
and is said to be but slightly affected by sul¬
phuretted hydrogen. A mixture of zine sulphide
\yith barium and strontium sulphates constitutes
the pigment-base in Orr's ' Charlton White ' and
'.Duresco.' Other white-lead substitutes have
been invented—v. French, Eng. Pat. 5,193, Nov.
1883, an oxychloride of lead, prepared in the I
working of a previous patent (2,494, June 18,
1881) : Ward, Eng. Pat. 10,838, Sept. 12, 1885 :
Lyte, Eng. Pat. 10,298, Aug. 11, 1886, 11,889,
Sept. 18,1886, and 2,920, Feb. 27, 1888—basic
carbonate, chloride, phosphate, and sulphate of
lead : Hannay, Eng. Pat. 13,416, Oct. 21, 1886,
1,282, Jan. 24, 1889, and 1,434, 1889—lead sul¬
phate : Freeman, Eng. Pat. 4,879, Oct. 13, 1882 ;
and 13,891, Nov. 13, 1885 ; Spence, Eng. Pat.
14,128, Nov. 18,1885—zinc sulphide and barium
sulphate or carbonate : Kenyon, Eng. Pat. 4,334,
Mar. 23, 1887—zinc sulphide and barium sul¬
phate: Fell (agent, Johnson), Eng. Pat. 722,
Jan. 15, 1889—basic lead sulphite : and Wood,
Eng. Pat. 19,910, Dec. 11, 1889—lead and zinc
sulphates and carbonates.

For other white pigments and methods of
préparation, v. Schmidtmann, Ger. Pat. 21,987,
April 1882—zinc oxide: Griffiths, Eng. Pat. 750,
1883 (ZnS, &c.) : Enight, Eng. Pat. 795, 1882—
zinc : Rickmann, Ger. Pat. 19,073, Jan. 1882—
barium sulphate : Claus, Eng. Pat.4,107,Aug. 28,
1882—zinc sulphide : v. Gelder, Ger. Pat. 21,911,
Aug. 1882—oxide and silicate of zine : Bunu,
Eng. Pat. 8,008, July 1, 1885—lead pigments:
Hannay and Pape, Eng. Pat. 9,581, July 24,1886
—mixture of zinc oxide with sulphide or chloro-
sulphite of lead : Gunn, Eng. Pat. 955, June 21,
1887—zinc sulphide aud barium sulphate : Mar¬
tin, Eng. Pat. 6,619, May 5, 1887—mixtures of
barium sulphate and calcium sulphate with zinc
oxide, &c. : Schnabel, D. P. J. 246, 300: and
Grimshaw, Eng. Pat. 985, Jan. 20, 1890—basic
chloride of zinc.

It now only remains to refer to the names by
which the variouswhite pigmentsmet with in com¬
merce are known, and to a few white pigments

which have not yet Been mentioned. . Flake white
and Krems white are names applied to very fine
and pure varieties of white lead. Venice, Hàm-
burg and DutcTi whites are mixtures of white
lead aud barium sulphate in différent proportions.
Blanc fixe, Baryta white, and Permanent white
are barium sulphate. ' Strontium or Strontian
white is sulphate of strontium. Magnesia (MgO)
and magnésium carbonate (MgCOs) constitute
Magnesia whites. Spanish' whife is whiting,.
GaCOj. Zinc white and Ghinesc white are names
given to zinc oxide. (The term Cliinesewhite has,.
however, s'ometimes been applied to barium sul-'.
phate.) Carbonate of zinc has ilso been employed'
as a pigment, but not very sucéessfully. .P'earl
white is basic nitrate of bismuth, Bt(OH),NO, v,
but the name is also used in connection with A
lead white, tinted'with indigo or sorne other blue
pigment. Yet another Pearl white is BBÎOCl.Aq ;
and basic nitrate of bismuth is oceasionally callecl
Jflakewhite. Whites of tin, cadmium, mercury, ar¬
senic, tungsten, and antimonyhave ail been used,
but without permanent success. Antimonywhite,
however, is said to have considérable covering
power. The zinc and baryta whites are frequently
used, but, though unaffeeted by sulphuretted hy¬
drogen, they are déficient in body. Indeéd, good
white lead has in this iatter respect a prè-emi-
nence over ail other white pigments hitherto dis-
oovered. Moreover, it has much better drying.
qualities.

Yellow Pigments.

Tellow ochre, Terra di Sienna, Stone yellow,
Roman yellow, Minerai yellow, Oxford ochre,
Golden ochre, &c. Argiliaceous earths, contain¬
ing varying pereentages of hydrated ferrie oxide
(very durable afid trustworthy pigments). Mars
yellow, an artificial préparation of similar
composition. Chrome yellow, PbCr04: also
PbCr04.PbS04 ; and PbCr04.2PbS04. Cologne
yellow, PbCr04, PbS04, and CaS04. (These
yellows possess considérable body, but are' af¬
fected by sulphuretted hydrogen.) Strontium,
Barium, and Zinc yellows, SrCr04, BaCrOj, and
ZuCr04 (durable, but have little body). Barium
chromate (Lemon yellow, Yellow ultramarine) is
the most permanent of these pigments. Bis¬
muth yellow, also a chromate (not permanent).
Cadmium yellow, CdS, durable, and of fairly
good body. True Naples yellow, PbO,Sb205 (per¬
manent in oil). Cadmium sulphide, and a pale
yellow ochre, have been sold under the same
name. Montpellier, Cassel, Turner's, Turin,
Yerona, and Paris yellows, oxyehlorides of lead
(not lasting). ICing's yellow or Orpiment (un-
stable). Wolfram, Vanadium, Uranium, Thal-
lium, Palladium, Tin, Antimony, and Platinum
yellows (most unstable and little used). Indian
yellow or Purree, impure magnésium euxanthate,
CjjH^MgOjj.SHjO, prepared from the urine of
cows fed on mango-leaves (Church). A beauti-
ful but variable pigment. Madder yellow, Italian
pink, Brown pink, &o. (vegetable : non-durable
—bleached on exposure). Gamboge (a vege¬
table resin ; , unstable). Aureolin, nitrite of
cobalt and potassium, KeCo2(N02),2,3H20 (fairly
permanent). [For other yellow pigments aud
préparation of, v. Werner, Eng. Pat. 5,291,
1881—chrome yellow : Weber, S. C. I. 4, 671,
and D. P. J. 279—chrome yellows, mixture of,
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with kaolin, barium sulphate, calcium sulphate,
&a. : Massignon and Watel (agent, Lake), Eng.
Pat. 2,221, Feb. 6,1891—chromium compounds :
Swan, Eng. Pat. 2,360, Feb. 17, 1886—an iron-
yellow : and Buchner, Chem. Zeit. 11, 1087-
1089; 1107-1109; and Chem. Trade Journ.,
May 30, 1891—cadmium yellows.]

Bed Pigments,
Vermilion, Cinnabar, HsS (moderately per¬

manent in oil: altérable in water-eolour).
Minium, Bed lead, Pb304 (not permanent). Light
red, calcined yellow ochre ; Indian red, Venetian
red, Bouge, Colcothar, Bole, Caput mortuum,
<Src. : ochres (ail durable colours). Some of
these pigments are artifieially obtained by cal-
cining ferrons sulphate. Chrome red or Austrian
cinnabar, basic lead chromate, PbCr04.PbH202,
and Chrome oranges, mixtures of normal and
basic lead chromâtes (ail unstable). Bealgar,
arsenic sulphide, Antimony vermilion, anti-
mony sulphide. Pallddiumred, ammonio-chlor-
ide of palladium, and mercuric iodide (very
unstable), have been used. Madder lakes (vege-
table colours on minerai bases ; unreliable).
Carminé lake (of animal origin—from Coccus
cacti; a beautiful colour, but not permanent).
[F. also Werner, Eng. Pat. 5,291,1881—chrome-
red. Martin, Eng. Pat. 5,192, Mar. 20, 1884—
vermilion from lead oxide, said to equal genuine
vermilion in durability ;. also ' vermilionettes,'
combinations of white lead or white zinc with
eosine ; very fugitive : Swan, Eng. Pat. 2,310,
Feb. 17, 1886—a red pigment, by treatment of
ferrous chloride : Jones, Eng. Pat. 7,761, May
27, 1887—iron oxides : Buchner, Chem. Zeit. 11,
1087-1089 ; 1107-1109—a vermilion, consisting
of a polysulphide of cadmium : Mercier, Ann.
Ch. Pharm. 160, 252—red lead : and Larrouy,
Eng. Pat. 3,786, Mar. 10, 1890—red lead.]

Green Pigments.
Terre verte, an impure ferrous silicate (per¬

manent, but destroyed by acids). Copper greens
—Malachite, Mountain green, or Green verditer,
hydroxycarbonate of copper, CuC03,CuH202,
Scheele's (arsenite), Schweinfurt or Emerald
green (acetoarsenite), Brunswick (oxychloride),
and Elsner green (stannate) are among the best
known. The phosphate, bisulphate, borate,
chromate, and sub-acetate (verdigris) have also
been employed as pigments. Nitis, Vienna, and
Kircliberger greens have the same composition
as Scheele's green. , Bremen, Green ashes, Paul
VeroneSe green, and Minerai green, are other
copper pigments. Ail are darkened by sulphu-

( retted hydrogen, and most are very poisonous.Mixed greens.—Brunswick green (another
kind), German green, Hooker's, Leaf-, Milory-,
and Silk-greens are mixtures of yellow and blue
pigments, ehiefly chrome-yellow and Prussian

'

or other blues.
Chromium, Guignet's, Pannetier, Arnaudon,

Matthieu-Plessy, and Chrome emerald greens
are hydrated sesquioxides of chromium, with
phosphate or borate of chromium. Viridian
is Cr20„,2H20. Ail are permanent and full-
bodied pigments (u. Chromium). Binmann'sgreen,
Cobalt green, or Zinc green, a compound of
oxide of cobalt and oxide of zinc. Titanhim,
Vanadium, Uranium, Manganèse, and Molybde-

num greens are also occasionally met with as
pigments. Green ultramarine is produced in
the manufacture of artiâcial ultramarine. There
are many unstable green lakes of vegetable origin,
such as Chinese green, Iris green, and Sap grem,
but they are of little or no value. [F. Carnot,
C. B., July 18, 1881—recommendation of chro¬
mium phosphate as a fine green pigment;
Pichot and Grangier, S.C. 1.7, 573—manufacture
of green and other varieties of ultramarine;
Donath, D. P. J. 263, 246-248—a manganèse
green, barium manganate ; Blount, A. 13, 66—
' Navy-green paint,' the pigments in which were
barium sulphate, lead chromate, and an organie
blue of doubtful nature ; and Douglas, C. N. 40,
59 ; C. J. 36, 987.]

Blue Pigments.
Prussian blue, Berlin blue, &c., 3re7(CN)„

(liable to change). Soluble Prussian blue, oi in-
ferior quality to the preceding, is KjFefCN^jFe,
Indigo C,6H,0N2O2 (vegetable ; fades on expo-
sure). Native ultramarine, pulverised lapis
lazuli (an excellent and stable, but costly
colour). Artijicial ultramarine, a compound
of silicate of aluminium and sodium, with
sulphide of sodium ; suggested by Gmelin, in
1827, and made by Guimet in 1828. Les!
expensive than native ultramarine, and nearly
equal to it as a pigment. Both pigments are
permanent in the absence of acids (v. ulrn-
marine). V. Pichot and Grangier, op. cit.; and
Bouillet, Eng. Pat. 9,176, July 14,1886,for manu¬
facture of ultramarine, <Èc. Thênard's blue,
phosphate and aluminateof cobalt. Cobalt blut,
Gahn's ultramarine, aluminate of cobalt. Cyu-
ine, Leitch's blue, a mixture of cobalt blue and
Prussian blue. Smalt, Zaffre, Boyal, and Saxony
blues, glasses coloured bycobalt oxide. Cœruleum,
3(SnÔ2.CoO) + Sn02 (stannate of cobalt). The
cobalt colours lack somewhat in body and per-
maneney. Copper blues, carbonates, silicates,
and other salts of copper, are of little value,
Molybdenum blue, 4Mo03 + Mo02, a product of
the réduction of molybdic acid. F. FouqnS
(C. B. 108, 325-327) has described 'Egyptian
blue,' a colouring matter, Ca0,Cu0,4Si02, which
was used by the Bomans during the first few
centuries of the Christian era. Fouqué has
prepared this pigment by a method given hy
Vitruvius, and writes in the highest terms of it!
stability and beauty (v. Egyptian Blue).

Brown Pigments.

Vandyck, Bubens, Cassel, Ulmin, and Co-
logne browns: these are partly of vegetable
origin, and are prepared from peat, cotton, soot,
&c. ; bituminous matter is often présent. Bumt
sienna, Brown terre verte, Baw and burntwmber,
Cappagh brown, and Mars brown, are earths or
ochres, raw or calcined. Most of them aie
durable and reliable pigments. Other browns aie
Prussian brown, made by caleining Prussian
blue; Madder brown (of vegetable origin, and
liable to fade) ; Bistre, a bituminous brown ;
Asphaltum ; and Mummy. The last three aie
also untrustworthy pigments.

Black Pigments.

Ivory black, Bone black, Lamp black. These
are more or less pure carbon, and the names are
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self-explanatory. Indian ink consists o£ very
fine lamp black, together with gelatin and a
perfume (v. Indian ink). Blue-black is made by
carbonising vine-twigs, and the like. Manganèse
black is native peroxide of manganèse. AU
tliese black pigments are very durable. Sepia is
a brownish-black pigment derived from the ink-
bag of Sepia officinalis : it is altérable by sun¬
light, but less so than Vandyck brown, &c.

Of the above-mentioned pigments only a few
(chiefly the ochres, lamp-black, red lead, vvhite
lead, zinc white, baryta white, Prussian blue,
chrome yellow, orange and red, vermilion, and
the commoner copper greens) enter into the con¬
stitution of the paints used by decorators and
house-painters ; white lead is nearly always the
base, and is largely in excess of the other pig¬
ments présent, which are technically called the
' stainers.' The finer varieties of these colours
and many of the other pigments, are used either
habitually or occasionally by artists. Of pig¬
ments not named in this article, there are many

STTS. 101

which are simply fancy préparations, with no
good qualities to recommend them.

As regards durability, it may be shortly
stated that ail the compounds of copper, lead,
and bismuth, and some mercurial pigments,
darken more or less, when exposed to air con-
taining sulphuretted hydrogen. Most of the
colours which are partly or entirely of organic
origin fade on exposure, by a proeess of oxida-
tion. On the other hand, pigments which are
not affected by foui gases, the barium and zinc
whites, for example, have unfortunately, for the
most part, less covering powerthan the majority
of lead, copper, and other changeable pigments.
Great circumspection must, therefore, be exer-
cised in the choice of a pigment, whether for
artistic or ordinary work. As a rule, pigments are
less fugitive in oil-media than when mixed with
the usual water-colour vehicles. Church (The
Chemistry of Paints and Painting, 1890, 226)
classifies artists' pigments as follows, according
to their stability in oils :—

Class I. Class II. Class III.
Truly permanent. Somewhat changeable. Untrustworthy.

Baryta white. Aureolin. King's yellow.
Zinc „ Baryta yellow. Yellow madder.

x Flake „ Indian „ Brown pink ; yellow lake.
Yellow ochre. Strontia „ Gamboge.
Baw sienna. x Chrome „ Zinc chromate.

x Naples yellow, true. Madder carminé. Crimson lake.
x Cadmium „ Enbens madder. Carminé and burnt car¬

Cadmium orange. Rose ,, miné.
x Vermilion, artificiel. Madderred. Indian lake.

Vermilion, native. Purple madder. Scarlet „

Indian red. Cobalt green. Purple „

Light „ Emerald green (Schweinfurt g.) Verdigris.
Venetian red. Terre verte. Sap green.
Bed ochre. x Malachite. Green vermilion etc.
Viridian (Emeraldoxideof chro- Smalt. Indigo.

mium Cr„0,.2H20). Prussian blue. Blue verditer.
Green oxide of chromium, Cr»03. Antwerp ,, Blue ochre.
Ultramarine. x Madder brown and black. Bituminous Vandyck
Artificial ultramarine. Cologne earth. brown.
Cobalt. Bitumen.
Cœruleum. Earthy Vandyck brown.
Burnt sienna.
Baw and burnt umber.
Cappagh brown.
Caledonian „

Verona „

Prussian „

Ivory black.
Charooal black.
Lamp-black.
Graphite.

To adapt the table to water colours, the pig¬
ments marked x must be relegated to class III. :
while Indian ink, bistre, and sepia may be added
to the table. The two latter must be placed in
class III. however.

The following examples of carefully chosen
palettes are quoted from Church's work, just
cited (pp. 234-236) : (a) for oil-painting, flake
white, yellow ochre, cadmium yellow, aureolin,
vermilion, madder carminé, ultramarine, viridian,
Cappagh brown, and ivory black : (b) for water-

colours, Chinese white, yellow ochre, cadmium
yellow, aureolin, cinnabar, madder carminé,
nltramarine, viridian, Mars brown, and Indian
ink. A report of considérable importance was
some time since submitted to the Government,
setting forth the disastrous effects of sunlight
and atmospheric oxidation upon water-colour
drawings ; and, undoubtedly, too much use has
been made in this form of art of ill-chosen,
unreliable, and, in many cases worthless colours
(Eussell and Abney, Action of Light on Water
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Colours (Blue-book), London, 1888; also Hart-
ley, Fading of Water-Colours, llrit. Ass. Eep.,
1886, 584),

X o account of the coal-tar colours is given
here, as but few ôf them are pigments in the true
sense of the word, and they are little used in
pdinting.

[Additional information on the subject of pig¬
ments will be found in Bolley's Hdbk. d. Tech-
nbl. 11, Bd. 5, Liefrg. 1, 483-520 ; Watts' Dict.
Chem., lst and 2nd éd., under the various head-
ings ; and Muspratt's Dict. Chem. last ed. ; see
also Ure's Dict. 1875, i. 894 ; Wigg, Steel, and
Wigg, Eng. Pat. 11,129, Sept. 1885—pigments
from chlorine and eopper residuals ; Huntington
and Chiapponi, Eng. Pat. 12,723, Oct. 23,1885—
antimonial pigment. Grimshaw, Eng. Pat. 985,
Jan. 20, 1890—white pigment, consisting of
basic chloride of zinc ; and Larrony, Eng. Pat.
3,786, March 10, 1890—production of red lead
and litharge:]

MediaorVehieles. Définition.—The fluids with
which pigments are intimately mixed by grind-
ing, for the production.of .paints. Eor oil-paints,
the vegetable drying or siccative oils are em-
ployed, and for water-colour paints, sizé, honey,
and aqueous solutions-of gums, &o.,-are in-use.
Oil of turpentine is frequently added to the oil
médium, and acts partly as a ' thinning ' agent
and partly by somewhat aecelerating the drying
of the paint. Benzene lias been similarly used.
In temperarpainting, albuminous or gelatinous
média are employed, and water-glass is thé
vehicle in stereochromy. Lime-water or baryta-
water is used in fresco-painting. Other paint-
media are also ocçasionally made use of, and
■will be presently referred to.

Oils. These are chosen for their drying pro-
perties, or, in other words, their powêr of ab-
sorbing oxygen when spread in thin layers and
exposed to the atmosphère ; by this oxidation a
film of a drying oil gradually becomes converted
into a cohérent coating of a liard, elastic, vai\-
nish-like substance.

Linseed oil is the most important and most
commonly used drying oil ; it is met with in
commerce under the names of raw, refined,
artists', and boiled oil. Raw oil is as expressed
from the seeds. By agitation in lead-lined tanks
with 1 p.c. of strong sulphuric acid, boiling
with water or treatment with steam, and draw-
ing off in settling-tanks from water and sédi¬
ment, raw oil is converted into refined oil.
Artists' linseed oil has been allowed to stand
for weeks or months, then treated with litharge,
and finally bleached by exposure. Other pro¬
cesses of refming are also used. Boiled oil has
been heated in air to 130°C., orthereabouts, and
maintained at that température for a little
while. Raw linseed oil possesses great drying
powers, which are considerably enhanced by the
opération of boiling. Boiled oil is, therefore, a
most important article to the painter. The
drying power of boiled oil is still greater
if litharge or some other drier has been added
during the opération of boiling. The drier
appears to act as a carrier of oxygen to the oil,
and a definite chemical compound of the metal-
lic oxide with linoleic acid is at the same timé
formed. Both raw and boiled linseed oil are
used in the manufacture of ordinary paints,

while for the more flelicate colours employed in
the fine arts, refined, and artists' oil are pre-
ferred.

Poppy, walnut, hempseed, grape-seed, and
castor oils are also used in the manufacture of
paints, part-icularly poppy, walnut, and hemp
oils. These oils are, liowever, almost exclu-
sively used by artists ; and linseed oil holds its
own as the most generally useful and applicable
drying oil. It is often adulterated, among the
additions being minerai and resin oils, Niger,
seed oil, cottonseed oil, and menhaden (a fishj
oil. Many substitutes have been suggested for
linseed oil ; among them the following may be
noted : (1) A mixture of cottonseed oil, pre-
viously boiled with litharge, Burgundy pitch,
Dutch oil, petroleum, essence of mirbane and
valerian oil (Oster, Germ. Pat. 18,767, Aug.1881).
(2) A substitute for the linseed oil used in
' primings,' or first coatings, made by treating
blood with lime-water &c. (Koll, Germ. Pat.
18,307, Sept. 1881). (3) A mixture of naphtha,
resin, turpentine; and linseed oil (Manning, Am.
Pat. 269,591, 1882. ,_(4) Blood sérum treated
with a soluble silicate (Johnstone, Eng. Pat. 82,
1883). (5) A. compound of blood, linseed oil,
potassium chromate, petroleum, hydrochloric
acid, resin, and water (Fischer, Eng. Pat. 2,539,
Feb. 1, 1884). (6) Rectified resin oil, colophony,
and a suitable drier (Williams, Eng. Pat. 577,
0)an. 3, 1884). (7) Oil extraete.d from Indian
corn, together with a drier (Banker, Eng. Pat.
12,031, Sept. 6, 1887). And (8) Euphorbia juice,
with a solution of shellac (Hooper, Eng. Pat. 39,
Jan. 1, 1885). Wirth (Eng. Pat. 8,036, May 21,
.1884) proposed to improve the hardening pro-
perties of o,ils by adding lime and other caustic
aikaline earths, and by the addition of résina
similarly treated. [Be linseed oil, see Diefl &
Reformatsky, Ber. Deut. Chem-. Gesells. 20,
1211-1212 ; Hazura, Monatsh. Chem. 8, 260-270;
Watts' Dict. Chem. lst ed.'3, 700, 702; Allen,
Comm. Org. An. 2, ' Oils ' ; Fox, Oil and Col.
J. 4, 214, and 5, 1404 ; and Deering, S. C. 1.3,
541.]

Artists in oil generally use média which con-
tain copal, amber, or some other résinons var¬
nish, and a diluent, such as turpentine, in
addition to the drying oil. A good artists'
médium is composed of copal varnish, poppy
oil, and a trace of white wax (Church) ; another
médium is 'megilp,' a mixture of.linseed oil and
mastic varnish. Such média are, of course,
added to the mixed eolours by the artist.

The média for water-colour paints need no
description; they are, chiefly, isinglass, size,
gum-water (gum-arabic, gum-tragacanth, and
gum-senegal are ail used), honey, dextrine, and
glycérine. Of the gums, gum-senegal is the
most suitable. Dextrine is less adhesive and
less brittle than gum. An alcoholic solution of
honey-lœvulose is préférable to honey itseif.

Driers or Siccatives. The effect of these
on the drying oils has been referred to. The
driers mostly employed are litharge, acetate ol
lead, manganèse dioxide, and manganous borate,
The last-named is particularly effective: one
grain of it, warmed with linseed oil, will render
one ounce of the oil highly siccative (Church).
Manganèse oxalate, manganèse linoleate, cal¬
cium borate, zinc borate, zinc oxide, zinc sul-
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phate, burnt .alum, lime, red lead, and ferrie
■oxide are also sometimes used. White lead
itself has considérable siccative power ; this
is one reason why it is so especially useful a
pigment. The ' driers ' of liouse-painters are
commonly sold ready ground up with boiled oil.
Tbey must be used with some care, as they
sometimes detract from the delicacy of the
«olour with which they are mixed ; and for this
reason the use of driers should be avoided as

much as possible in paints intended for ' finish-
ing coats.'

Paints. The mixed colours, ready for use.
•Common oil-paints consist of the pigments
(generally white lead, with small proportions of
the desired ' stainers '), ground with oil in the
paint mill to a thick paste, and mixed with

■' driers.' They generally require ' thinning down '
with oil of turpeutine to the required consisteney.
The oil for outdoor work is usually boiled oil ;
while for indoor painting pale linseed oil is fre-
quently used, together with a larger proportion
of driers. The smaller the quantity of oil used,
the greater is the ultimate hardness and the less
the lustre of the paint. Distemper painting, for
absorbent surfaces, such as plaster, nécessitâtes
the application of a ' priming,' consisting of
white lead, or, very commonly, whiting ground
in water and mixed with size. There is little to

specify in reference to artists' oil-paints, except-
ing that they consist of pure pigments ground
in oils, no base, such as white lead, being pré¬
sent. Artists' water-colour paints are met with
in the forms of cakes, pastilles, andtube-colours.
Cakes and pastille colours are usually made by
grinding the pigments into a paste with a mix¬
ture of isinglass, size, and gum-water ; the paste
is then compressed and dried at a moderate
température. Such paints are ground on the
palette with water before use. Tube or moist
.colours consist of the pigments made into a
cream with honey, glycerin, &o. Church espe-
ciallyrecommends glycerin for this purpose. [Ir.
connection with the préparation, properties, &c.
of paints, see Kaiser, Mifctheil. d. Bayer. Gewerb.
1885, 21—darkening of oil colours : Brousson,
Eng. Pat. 4,778, Mar. 14, 1884—préservation of
anoist colours : Macrom, Eng. Pat. 9,414, Aug. 7,
1885—manufacture of dry colours : McClean &
Smith, Eng. Pat. 11,493, Sept. 9,1886—prépara¬
tion of artists' colours : Graf, Eng. Pat. 6,844,
June 5, 1885—metallic paints : Beichgesetz-
blatt, 11, 6—German régulations against poison-

ous colours : Audés.Bolley-Birnbaum's Hdbk. d.
Technol., Neue Eolge, Liefg. 4, 118-130—re-
cipes for mixing common oil-paints.]

Several other kinds of paints besides those
already referred to are manufactured at the
présent time. The principal of these are the
luminous, fireproof, waterproof, anti-corrosive,
and enamel paints; their composition is very
varied, and space will only permit of a few
•short notes in reference to them.

Luminous paints contain phosphorescent
alkaline earthy sulphides, combined with suit-
■able pigments and média. Schatte, of Dresden,
has succeeded in making luminous paints of
many différent tints (Eng. Pat. 4,732, Oct. 4,
1882). Balmain's luminous paint is a well-
fcnown préparation of this kind [u. E. Becquerel,
On the Préparation of Phosphorescent Sul¬

phides of Calcium and Strontium, C. B. 107,
892-894].

Fire-proof paints. These paints differ widely
in composition, but asbestos is présent in nearly
ail, and many contain alkaline silicates, borax,
ground fluorspar, glass, and similar substances.
See Kalke, Germ. Pat. 20,937, Feb. 7, 1882 ; As-
trop andBidgway, Eng. Pat. 3,932, Aug. 17,1882 ;
Keim, Germ. Pat. 21,784, June 1882 ; Kothes,
Bep. Anal. Chem. 3,159 ; Iron, Jan. 20, 1882 ;
Meyer, Chem. News, 48, 164 ; C. J. 256, 379 ;
and d. Coninck, Eng. Pat. 3,795, Mar. 12,
1888. A mixture of .aluminium and sodium
silicates is sold under the name of ' fireproof
cyanite.'

Water-proof paints. Lime, crushed flint
and marble, sawdust, shellac, residues from
petroleum-distillation, and numerous other in¬
grédients enter into the composition of these
préparations, either in addition to, or instead of,
the ordinary constituents of paint. See Marck,
D. P. J. 239,401 ; Besenscheck, Germ. Pat.
16,094, Oct. 18S0 ; Haase, Germ. pat. 17,847,
Aug. 1881 ; Siebel, Germ. Pat. 18,987, Dec. 1881 ;
Gehring, Germ. Pat. 19,298, Nov. 1881; 20,725,
Mar. 22, 1882—palmitate of alumina, with resin
and wax : Beigelmann, Germ. Pat. 19,642, Feb.
1882 : Bergh, Eng. Pat. 2,896, Feb. 7, 1884 :
Faquet, Eng. Pat. 10,492, Sept. 4, 1885 : Wend-
ling, Eng. Pat. 1,086, Jan. 25,1886 : andLyman,
Eng. Pat. 12,632, Sept. 17,1887.

Anti-fouling, Anti-corrosive, or Preservative
Paints, for surfaces of iron, ships' bottoms, &c.
Many of these paints contain resinous consti¬
tuents, and resemble varnishes in this respect.
Oxide of iron, pitch, shellac, colophony, tannin,
silicates, &e., &c., are common ingrédients of
these compositions. See Horst, Germ. Pat.
19,217, Jan. 1882 : Wells, Eng. Pat. 3,790, May 9,
1882 : Dubois, Eng. Pat. 3,320, July 4, 1883 :
Mclntosh & Croudaee, Eng. Pat. 5,330, Nov. 12,
1883 ; Andrews and Sutton, Eng. Pat. 5,996, Api.
5, 1884 ; Brydson, Eng. Pat. 9,105, June 17,
1884 : Wilmer and Bolas, Eng. Pat. 10,624, July
26, 1884 : Gisborne, Eng. Pat. 312, Jan. 9,1885 :
Perkins, Eng. Pat. 8,737, July 20, 1885 ; 7,524,
May 25, 1887 : Denniston, Eng. Pat. 4,415, Api.
9,1885 : Pointon, Eng. Pat. 13,159, Oct. 31,1885 ;
Carter, Eng. Pat. 15,561, Nov. 29,1886 : Hannay,
Eng. Pat. 12,499, Oct. 2, i886 : Cameron, Eng.
Pat.7,497, June 4,1886 : Jeyes, Eng. Pat. 2,457 ;
Feb. 1887 : Molyneux, Eng. Pat. 6,582, May 4,
1887 : Wallace and Ward, Eng. Pat. 1,101,
Jan. 24, 1888 : Wailes and Dove, Eng. Pat.
6,012, April 23, 1888: Binns and Paris, Eng.
Pat. 17,946, Dec. 8, 1888 : Mullard, Eng. Pat.
20,707, Dec. 24, 1889 : also D. P. J. 255 [1] 48—
Dutch Bailway Çompany's experiments, showing
that red lead was préférable, as a coating for
iron bridges, to any oxide of iron used ;
and S. C. I. 7, 48.—Beport of American Navy
Department on various anti-fouling paints ;
conclusion arrived at that pure zinc white con-
stitutedthe best coating for vesseis' bottoms, and
that a mixture of red lead and white lead was

the next best covering.
Enamel paints. These are décorative paints

of brilliant colours, yielding smooth and lustrous
coatings. There are many in the market at the
présent time, such as the Foo-Chow Enamels,
Aspinall's Enamèls, &c. [For manufacture, sea
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Fisher, Eng. Pat. 5,878, April 20, 1888, and
Barnes, Eng. Pat. 764, Jan. 15, 1890.]

[.Additional references.—Paints, pigments,
methods of painting,<fcc. : Fremy's Encycl. Chim.
tom. 10, 1888 ; Wagner's Chem. Techn. ed.
Crookes, 1872 ; Eield's Chromatograpliy, ed.
Salter, 1869 ; Riffault and others, A Practical
Treatise on the Manufacture of Colours for
Painting, ed. Malepyre, 1875 : Standage, The
Artist's Manual of Pigments, 1886 ; Cooley's
Cyclop. Pract. Bec. ed. Tuson, 1880 ; Tomlin-
son's Cyclop. Usef. Arts, 1866.] F. G. C.

PAINT, LUMINOUS. Barium sulphide v.
Babium, also Paints.

PALATINE ORANGE. This colouring mat-
ter is the ammonium sait of tetranitro-7-
diphenol. It is soluble in water, and dyes wool
and silk orange in a bath acidulated with acetic
or sulphuric acid (Hummel, Dyeing of Textile
Fabrics (1885), p. 401).

Tetranitro-7-diphenol C12H,(N02)4(0H).2 is ob-
tained by the action of fuming nitric acid on
7-diphenol or on benzidine, and melts at 2203 ;
prolonged heating ivith concentrated nitric acid
converts it into picric acid and oxalic acid
(Schmidt and Schultz, A. 207, 335).

PALISANDER WOOD. A red dyewood ob-
tained from Madagascar, somewhat resembling
sandal wood. The name is employed on the
Continent as a synonym for rosewood. In the
work of Bergeron a lrind of striped ebony is
figured as bois de Palixandre ; in other French
■works this name is considered a synonym of
bois violet, and the wood is stated to be brought
by the Dutch from their South American
colonies (Holtzapffel). It is said to be derived
from Jacaranda brasiliana, Pers.

PALLADIUM v. Platinuh metals.

PALMITIC ACID v. Fatty acids.

PALMITIN v. Fatty acids.

PALM OIL v. Oms.
PALM SUGAE or DATE-TEEE SUGAR. The

liquid extract of certain palms is more or less
rich in saccharine substances which are easily
separated from such liquids. A method of ob-
taining sugar from this extract has existed in
India from time immémorial, and was found to
prevail among the aborigines of America on
the discovery of that continent.

The palms which supply sugar are Borassus
flabelliformis, Phœnix sylvestris, Caryota urens,
Saguerus saccharifer, &c.

Palm sugar is hygroscopic, and appears to
be purgative if freely used. To divest it of this
property it requires to be refined. The juice is
obtained by cutting off the lower leaves of the
crown about the end of October, and stripping
the trnnk of such as grow upon it to the place
where incision is to be made. A bamboo cane

is placed at the orifice each evening, by means
of which the sap is conducted into vessels which
are removed early next morning. The process
of extracting the sugar from the sap must be
proceeded with without delay, as fermentation
sets in rapidly, when it is impossible to procure
by boiling the syrup or goor, i.e. the mixture of
molasses and crystallised sugar from which the
sugar is extracted. The amount of sugar pro-
duced is about 40 p.c. of the syrup.

PALM WAX is obtained from Ccroxylon
andicola, indigenous to the West Indies and

the Andes of America ; Copernicia cerifera, in¬
digenous to Brazil; and Klopstockia cerifera,
indigenous to New Grenada.

The trunks of these palms secrete the
resinous wax, which, when scraped off, forms a
greyish powder, the leaves also earrying 1
thinner layer of the same material. The wai
thus obtained is melted into a compact mass
over an open fire and purified by remelting. It
may also be eollected by boiling the bark in
water, whereby the wax is softened without
melting, and some of its impurities are left in
the water. Kerchove de Denterghem (Les Pal¬
miers, p. 281-282) says that the dried leaves
of Geroxylon andicola are beaten together and
the wax detaehed by that means. He estimâtes
the produce of the entire adult tree at an average
of ten kilogrammes.

Palm wax is of a yellowish colour; it is
hard and brittle, and breaks with a conchoidal
fracture. Both the crude and the purified wax
have a sp.gr. of 0'992 to 0-995, and, though they
become soft by the heat of the hand, melt only
at 101° to 104°.

Palm wax is a mixture of one-third wax

and two-thirds resin, which may be separated
by dissolving in boiling alcohol, the wax ap-
pearing as a white and somewhat crystalline
jelly. By repeated treatment with boiling
alcohol the resin is entirely eliminated and a
pure wax resembling bee's-wax remains. The
pure wax melts at 71° to a slightly yellow
liquid. It is used (mixed with taliow to reduce
its brittleness) for the manufacture of candies
and wax vamishes.

Carnaiiba wax is obtained from Corypha
cerifera, the carnaiiba palm, on the leaves of
which it is secreted. It resembles other palm
products in hardness, is tasteless and inodorous
exeept when fresh. It then has a smell re¬
sembling that of new-mown hay. Its colour is
a greenish-yellow ; its sp.gr. is 0-995 to 0-999,
and when fresh it melts at 85° to 86° ; old wax
melting at 90° to 91°. It is partly soluble in
cold alcohol, but completely so in boiling alcohol
and in ether. The concentrated solutions cou-

geai on cooling, separating a white erystallisable
mass which melts at 105°. Carnaiiba wax

aequires a reddish colour by boiling with potash
lye, and is only partially and with difficulty
saponified with alcoholic potash lye. It con-
sists of myricyl alcohol C30HK2O, ceryl alcoM
€2,11550, and cerotic acid C27HS102, besides an
undetermined quantity of resin.

PALM EESIN or CEROXYLIN v. Eesins.
PANCLASTITE v. Explosives.
PAPAIN or PAPAY0TIN. A vegetable di-

gestive ferment obtained from the unripe fruit
of Carica papaya, or papaw tree, and used as
an alternate to pepsin, from which it diiïers by
being active in neutral and alkaline conditions
(v. E. J. Easter, Ph. 1885, 45). The half-ripe
fruit when scratehed exudes a large quantity of
a milky juice, which when dry forms a powder
somewhat resembling gum arabic. The name
' papain ' is usually restricted to the pure fer¬
ment associated with a proteid substance, and.
is obtained by précipitation with alcohol and
séparation of albuminous matter by basic lead
acetate. The fruit of the papaw tree has long
been used in the West Incîies to render beef
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tender. The unripe fruit is split open and
rubbed over the surface of the méat previous to
cooking. Its action probably dépends upon the
fact that papain has a digestive action, not only
upon muscular fibre, but also upon connective
tissue. It digests fibrin and albumin in neutral
and slightly alkaline solutions. When injected
into the circulation in large doses it paralyses
the heart. In smaller quantities it appears to
favour the multiplication of micrococci in the
blood (T. Lauder Brunton, Pharmaeology, &c.,
927).

PAPAVERINE v. Veoeto-alkaloids.
PAPAVEROSINE v. Vegeto-alkaloids.
PAPER. The art of modem paper-making

consista in uniting or ' felting ' together any
fibrous vegetable matter, so as to form a con¬
tinuons sheet. Owing to the abolition of the
paper duties, in 1827, and the conséquent rapid
growth of cheap literature, the old dietionary
définition of paper as ' a substance made of linen
or cotton rags ' no longer holds good. As a
matter of fact, these substances constitute but a
small fraction of the raw materials of the paper-
maker.

Any vegetable substance possessing a suffî-
ciently fibrous structure can be utilised. Occa-
sionally both animal and minerai fibrous
substances—such as wool, silk, or asbestos—
are employed, either alone or as admixtures.

In order to give some idea of the variety of
materials from which paper can be or has been
manufactured, we may cite a book that was
published at Regensburg, Germany, by Jacob
Schaefïer in 1765, the paper of which was made
from about sixty différent sources, amongst
which the following are curious and interest-
ing: sawdust, hop-vines, hornets' nests, peat,
straw, cabbage stumps, nioss, various woods,
thistle-stalks. In the majority of cases the
paper is of very inferior quality, the pulp being
coarse and unbleached. A similar book is that

containing the poems of the Marquis de Villette,
published in 1786. Another, of historical in-
terest, is one the paper of which was made
eutirely from straw. It was published in Eng-
land in 1800.

Notwithstanding the variety of materials
available, rags of various kinds continued to
form the chief raw material of the paper-maker
until the year 1860, when Mr. Thomas Rout-
ledge introduced esparto grass (v. Espakto).
Tkis material, which possesses many advan-
tages, is very extensively used in this country.
Of late years, however, owing to the enormous
increase in the demand for paper, it has been
largely supplemented by straw, and more espe-
cially by wood.

The chemical characteristics of the paper-
makers' raw materials have already been dis-
cussed in the article Cellulose. They consist,
ivith the exception of cotton and linen rags, of
one or other, or a mixture, of the various com-
pound celluloses ; and the treatment they undergo
consiste essentially in isolating the cellulose by
chemical means. This treatment is accom-

panied by séparation, more or less complété,
into individual cells, which vary in length from
about T5 mm. in the case of esparto to 30 mm.
in the case of flax. This chemical splitting up
into cells is supplemented by a mechanical

opération known as ' beating,' whereby the
material is still further reduced (v. infra).

The various processes that the différent
forms of cellulose undergo before being made
into paper may be divided into four main
branches—(1) cleaning, (2) boiling, (3) bleach-
ing, (4) beating, or reducing to pulp. In addition
to these, there are the processes of sizing, colour-
ing, <fcc., which will be included in No. 4.

1. Cleaning. This is a purely mechanical
process, and consists in removing from the raw
material adventitious matter, such as sand, dirt,
&a. Part of this work is done by hand-labour,
especially in the case of rags, but the modem
tendency is to replace hand-labour as much as
possible by machinery. In the case of rags eut
by machinery, the pièces, spread on to a table
made of coarse wire gauze, are examined by girls,
and such articles as buttons carefully removed.
At the same time the rags are sorted into various
kinds, such as cotton, linen, jute, canvas, &c.,
each kind being separately stored in boxes.
This process, which is somewhat costly, is only
practised in the case of rags intended to be used
for high-class paper. The usual plan, which
may also supplément the hand-labour, is to pass
the eut rags through a ' willow.' This consists
of two wrought-iron drums, furnished with
teeth, which, when the drums revolve, pass
rapidly near stationary teeth fixed in the frame
in which the drums work. The sides and top
are covered in with iron doors, and underneath
is a grating for the escape of dust.- The rags
are fed into the drums by an endless travelling
platform, and pass from thence into a duster,
eonsisting of a kind of hollow cylinder made of
iron bars covered with wire cloth. The cylinder
revolves almost horizontally, a slight dip being
given to it in order that the rags may be carried
forward to the lower end. The ' willows ' used
for esparto and various other fibres are similar
in prineiple. The cleaned and dusted rags, or
other material, are carried forward hy an endless
felt to the boilers, where the next opération is
performed.

2. Boiling. The boiling processes vary con-
siderably with the kind of material. We will
discuss them in the order of their simplicity.

(a) Bag boiling. Rags, being for the most
part refuse from textiles made from pure or
nearly pure cellulose, require a comparatively
light treatment. It may be conducted either in
spherical or cylindrical boilers, or in the ' vomit-
ing ' boilers, described under Espaeto. In the
case of spherical boilers the beating is caused by
' live ' steam : cylindrical boilers are usually
jaeketed. It is préférable to cause the boilers to
revolve. They are furnished with inlet and out-
let steam-pipes, pipes for running in liquor and
water, man-holes for filling and emptying, and
safety valves, pressure gauges, &c. The alkali
employed may be either caustic soda, caustic
lime, sodium carbonate, or a mixture of the latter.
The proportion of alkali dépends mainly on the
state of the rags and the nature of the sub¬
stances to be removed, and also to some extent
on the pressure of steam employed and the
duration of the opération. As a général rule ap¬
plicable to rags and ail other fibres, it may
be stated that the higher the pressure and the
longer the time occupied, the less alkali (within,
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of course, certain limits) neçessary to .be used.
The amount of alkali varies from lp.c.of 60 p.c.
■caustic in the case of the higher qualifies of
rags to 5 p.c. in the case of lower qualities.

The pressure also varies considerably—say,
from 10 to 40 lbs. per square inch. In the opinion
of some the lower pressures are to be preferred,
as at the high température associated with higher
pressure there is a tendency to fix a certain
amount of dirt and colouring matter in the rags,
thereby defeating to some extent the obje'ct of
the boiling. After boiling, the rags may be
washed in the boiler or in a separate washing
engine which will be subsequently described.

A new method of boiling rags has lately been
introduced with success, effecting a great eco-
nomy of soda, time, and labour, at the same time
produeing a sùperior resuit. It consists in ex-
posing the rags, continuously wetted with caustic
soda solution, to an atmosphère of steam at
10 lbs. pressure. The dry and dusted rags are
packed into waggons, fitted with perforated
bottoms. The waggons are then run into a hori¬
zontal cylindrical vessel, called a ' kier,' which
they almost completely £11. When in position,
a pipe at the bottom of each waggon fits tightly
over a pipe passing through the bottom of the
kier and connected by means of a centrifugal
pump with an outside pipe communicating with
the top of the kier. Caustic soda solution is run
in, and is made to circulate through the rags by
means of the pump. One end of the kier is
closed and the other is fitted with a V-shaped
door, which falls into a slot of similar shape,
making a readily-adjusted steam-tight joint.
The door is raised and lowered by hydraulic
pressure. The appar-atus is known as the
* Mather Steamer Kier.'

(6) Esparto boiling. Esparto, being a com-
pound cellulose, requires a more drastic treat-
ment than rags. The first proeess that esparto
undergoes is that of ' picking. ' This opération,
which is done by hand, consists in removing
root-ends, weeds, &c. It has latterly been
largely dispensed with, and a more complété
mechanical treatment substituted. Eor this
purpose the grass is passed through a willow
and duster similar in principle to that described
under the head of Rags.

After passing through the machine the grass
is in some cases carried along a travelling felt,
and is discharged direct into the boiler. These
are almost invariably stationary, as a revolving
boiler is apt to cause the grass to form into
dense masses, which resist the action of the
soda used in boiling. An esparto boiler is shown
in fig. 1. It is furnished with a perforated
false bottom b, on which the grass rests. Steam
enters by the pipe a, which reaches below the
false bottom and causes the liquor to rise up the
outer pipe o, strike against the ' bonnet ' n, and
distribute itself over the grass in a fine spray.
The door e is for filling in the grass, and the
door h for emptying. The boiler is fitted with
a safety valve k. Each boiler holds about 30
cwt. of grass, and the opération lasts about five
hours. The amount of soda varies according to
the nature of the esparto, Spanish requiring less
than African : about 16 lbs. of 60 p.c. caustic
per cwt. is an average quantity. The steam
pressure also varies from 5 lbs. to 45 lbs. per

square inch, occasionklly an open boîl is used.
The modem tendency is to employ the higher
pressures, as being more economical of time and
soda. Other forms of vomiting boilers hâve
lately been introduced, in which the vomiting
arrangements are fixed either outside the boiler
altogether, as in Roeckner's, or are placed at the

sides, as in Sinclair's,thus giving more spacefor
the grass. The alkali used is invariably soda,
The boiling opération being completed, the
liquor is run off from a coek at the bottom. ol
the boiler, and the grass partially washed with
water in the boiler. This also has the effect of
cooling the grass and enabling the workmen to
remove it to the washing engine or ' breaker.'

In some mills the grass is placed in a sériés
of tanks similar to those used for dissolving
black ash, where the washing can be effected
with a very small quantity of water—a very im¬
portant matter from the point of view of recovery
of the soda. .

The washing engine, which may be used for
any other fibre besides esparto, is shown in fig.
2. It consists of a rectangular vessel with
rounded ends, in the centre of which is themid-
fëather b. The action of the roll a, which is
fitted with clusters of steel knives g, disinte-
grates the grass and causes it to circulate round
the engine. The floor is sloped as shown by the
dotted lines d and d', the effect being to cause
the grass to pass under the roll a, the knives of
which pass close to similar stationary knives
fixed to the ' bed-plate ' i. The distance between
the roll and the ' bed-plate ' can be varied at will
by means of the wheel e.

A continuous stream of water is run into the
engine, and the dirty water is lifted by means of
the ' drum washer ' o, the periphery of which is
covered with fine wire gauze. The centre of the
drum is formed of a conical tube, the narrow
end of which is towards the ' mid-feather.' The
dirty water passing through the wire gauze is
lifted by the bucket-like compartments c, and is
discharged through the centre of the drum,
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wlience it is led away by the trough l, and passes
downthe ' mid-feather,' which is made hollow
for the purpose.

The grass having been thoroughly washed
and reduced to the state of pulp by means of the
steel knives in the roll, is ready for bleaehing.
This opération will be described subsequently.

(c) Straw boiling. Straw closely resembles
esparto in its chemical eharaeteristics, butbeing
more highly lignified a somewhat severer treat-
ment. is required. This is obtained either by
boiling at a very high pressure, 60-80 lbs., or
by using a larger proportion of caustie soda
(18-20 lbs. per cwt.). In treating stràw for use
in kigh-class papers, it is neeessary to boil
under such conditions that even the knots, which
are much less readily attacked than the bulk of
the straw, shall be so far acted upon that they
may be easily bleached. This treatment causes
a diminished yield of pulp and a somewhat
weakened fibre. For inferior papers such care
is not neeessary, and a less severe treatment

suffices. An excellent method of cleaning straw
preparatory to boiling coiisists in forcing the
straw, previously eut into fragments of iibout
1-2 inclies in lengtli, along a tube into a chamber,
tlle sides of which are madé of wire gauze, which
allows the dust and dirt to esqape.

The boiling opération is usually conducted in
large revolving boilers. Ovving to the rotary
action of the boiler, the straw is in the state of f
fine pulp and readily flows through a 3-inch
pipe. It is run into tanks, the bottoms of which
are formed of perforated tiles. The liquor is
run otï and fresh water added until ail soluble
matters have been removed. It is then ready
for bleaehing.

In making straw pulp of fine quality it is:
sometimes found advantageous to pass the
washed pulp between horizontal revolving stones, >
whereby the knots and any unboiled portions
are finely ground and rendered more easily
bleached.

(d) Wood v. Cellulose.

Fig. 2.

(,e) Other fibres. There are a number of
fibrous matériels which are available for the
paper-maker, such as jute, manilla, adansonia,
<fee., the treatment of which calls for no spécial
notice. The nature of the treatment which
they undergo varies with the kind of paper for
which they are intended. The greater number
of such fibrous matériels are used for papers
where strength is of far greater importance than
colour or appearance, such, for example, as
brown papers and packing papers. In such
cases the paper-makers aim at a minimum
resolution of the fibre, so as to preserve the
strength and increase the yield. In the case
oi jute the individuel fibres are very short and
weak, and a strong and perfectly white paper
made from jute is an impossibility. If, however,
the laments are not completely resolved, a strong
fibre can be obtained.

The cheapest method of preparing such fibres
is to boil them under pressure with milk of lime.
This treatment is not nearly so effective as that

with caustie soda, and the fibre produced is
coarse and hard. The yield is, however, high.

There is another very important material
which may be mentioned here, viz., mechanical
wood-pulp. A large quantity of this is used in
the cheaper kinds of paper. It is prepared by1
disintegrating wood by mechanical means alone.
Blocks of wood, from which the knots have been
removed, are pressed against revolving stones ; at
the same time a stream of water flows on to the
stones. The wood is so placed that the fibred
are torn off in the direction of their length in
order to secure as great length as possible. The
stream of wàter carries the pulp forward as fast
as it is made. The larger undisintegrated por¬
tions are removed by screens of coarse wire
cloth. In order to still further refine the pulp
it is caused to pass between two horizontal
cylinders of sandstone, the upper one of which
revolves rapidly.

Where power is cheap such pulp can be
economically prepared ; it is, however, at best
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but a poor substitute for esparto and other pulps.
Paper made with it has but little strer.gth, and
is very susceptible to atmospherie action. The
woods chiefly used are white pine and aspen ;
the latter yields a pulp of good colour but little
strength.

3. Bleaehing. The processes of bleaehing
paper-pulp are praetically identical for ail classes
of material. The agent employed is a solution
of calcium hypochlorite, made by dissolving
bleaching-powder in water. The opération may
be conducted in the breaking engine previously
described, or in a separate engine called a
' potcher,' which is similar in construction, but
the roll is furnished only -with blunt blades
which serve as paddles to cause the pulp to
circulate. Sometimes large potchers made of
brick and cernent are used.

The action of the calcium hypochlorite may
be hastened by heat, the ' potchers ' being pro-
vided with steam pipes for this purpose, or by
the addition of sulphuric or hydrochloric acids.
The best results are obtained by the action of
bleaehing solution alone, in which case a longer
time must be given. This is more than eom-
pensated for by the extra yield of pulp and its
greater strength.

The amount of bleaching-powder necessary
to bleach well-boiled pulps varies from about
7 p.c. in the case of straw to about 15 p.c. in the
case of wood. These amounts are calculated on

the unboiled materials.
Chlorine gas as a bleaehing agent was for-

merly used for rags, but is now almost entirely
superseded. As a matter of fact, chlorine will
not bleach the majority of pulps ; it enters into
combination with the fibre substances, producing
yellow-coloured combination products. Advan-
tage has been taken of this fact by F. C. Glaser
in his process for treating straw. The straw is
first boiled with a reduced quantity of soda ; it
is then drained and exposed to the action of
chlorine gas. A subséquent treatment with
bleaehing liquor produces a very pure white
pulp.

The bleaehing of pulp by means of the
products of the electrolysis of chlorides has
lately attracted mueh attention. Of the various
processes introduced, the best known is lhat of
M. Hermite, which is in successful opération in
many mills on the Continent. It dépends upon
the fact that when a solution of magnésium
chloride is electrolysed, magnésium hypochlor¬
ite is formed, which possesses considerably
greater bleaehing effieiency than calcium hypo¬
chlorite of equal chlorine strength.

After bleaehing, and before the next opération
of beating, the pulp is sometimes purified by
passing it over a ' presse-pâte,' which consists of
a strainer and that part of a paper machine on
which the web of paper is formed. The pulp
is thus made into a thick continuous 3heet;
at the same time ail soluble impurities, such
as calcium chloride, &c., are removed.

4. Beating. The bleached pulp, before being
made into paper, requires to be beaten up into
fragments of from 1-2 mm. in length. In the
case of esparto, straw, and wood, this length
represents that of the individual fibres ; the
beating opération, therefore, is confined to eom-
pleting the disintegration produced by the boil- J

ing and bleaehing processes. But in the case of
cotton and flax, the individual fibres of which
are about 30 mm. in length, a much more ex-
tended mechanical treatment is necessary. The
opération is conducted in an engine called the
' beating engine,' similar in construction to the
breaking or washing engine already described
(fig. 2), the only important différence being that
the roll of the former is furnished with a larger
number of knives.

The distance between the roll and the bed-
plate is arranged so as to ' tear ' the fibres,
instead of ' cutting ' them, so as to give them
the maximum amount of felting power. In
some cases the knives are made of bronze il
order to avoid contamination of the paper with
iron-rust. Various other forms of beating en-
gines have lately been introduced which differ
somewhat in the arrangement of the various
parts, but which do not call for spécial notice.

It is in this stage of the treatment of the
pulp that the various loading, sizing, and colour-
ing materials are added. Before doing this,
however, it is necessary, unless the operatiou
has been previously performed in the washing
engine, to remove the excess of bleaehing solu¬
tion. This may be done by simple washing,
many beating engines being provided with
washing drums for the purpose ; or the bleach
may be neutralised by the addition of an anti-
chlor, such as sodium thiosulphate or sodium
sulphite.

5. Loading. Most papers, except perhapsthe
very finest ' writings,' contain some added minerai
matter, such as ' pearl-hardening ' (calcium sol-
pbate, ground or precipitated) for the better
qualities, and china clay for the cheaper papers.
This addition cannot, unless carried to excess,
be considered an adultération, as it fills up the
pores of the paper, and enables it to take a
better surface under the calender.

Sizing. Ail writing papers, and most print-
ing papers, require to have some material added
to them that will enable them to resist ink.
This can be done in two ways—viz., by engine-
sizing and tub-sizing : the former is done in the
engine itself, the other in the finished paper,
Engine-sizing consists in tlie addition of resinate
of alumina, which is precipitated in the pulp by
the mutual décomposition of resinate of soda,
prepared by dissolving rosin (colophony) in
sodium carbonate, with a solution of alum or
aluminium sulphate. In addition to the resin¬
ate of alumina most papers contain starch, which
may be dissolved in water and mixed with the
resinate of soda, or may be added undissolved:
the former is the plan usually adopted. Almost
ail papers, even blotting papers, contain starch,
it assists in binding the fibres together, but has
little or no sizing property, and therefore does
not prevent the paper being absorbent. The
amount of alum added to pulp is iargely in
excess of that necessary to fully precipitate the
resin ; the excess appears to be necessary in

! order to get a hard paper. It probably has
some action on the cellulose itself. The excess,

moreover, tends to brighten the colour of the
paper.

Tub-sizing. This consists in passing the
finished paper, either in the form of sheets or in

[ the web, through a solution of gelatine to which
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alum has been added. In some cases soap is
added to the gelatine. When alum is added to a
solution of soap and gelatine, the soap is decom-
posed and an infinitely fine precipitate is pro-
duced, whieh forms with the gelatine a kind of
emulsion. The addition of the soap enables the
paper to take a high surface with a minimum
of pressure under the calender.

6. Colouring. Most bleached pulps have a
slight yellow tinge which requires to be com-
plemented by the addition of blue and pink in
order to produoe a perfectly white paper. The
blues usually employed for this purpose are
ultramarine and smalts, and occasionally aniline
blues ; the pinks are either préparations of
cocbineal or aniline. For the production of
coloured papers a variety of différent colouring
matters are employed in addition to those men-
tioned, such as Prussian blue, chrome yellow,
Venetian red, <êc.

The addition of the loading, sizing, and
colouring materials proceeds at the same time
tbat the pulp is being ' beaten.' When this is
completed the pulp is ready to be made into
paper.

7. Making into paper (Hand-made paper).
This is made on a mould of wire-cloth, fur-
nished with a moveable frame of wood called a

'deckle,' extending some distance above the
surface. The workman dips the mould with its
' deckle ' into a vat containing the beaten pulp
largely diluted with water, and removes more or
less pulp, according to the thickness of paper
required. He, then, by dexterous latéral move-
ments causes the fibres to unité and form a

continuous sheet ; at the same time the excess
of water drains away. The ' deckle ' is then
removed, and the wet sheet of paper transferred
to a piece of felt. This opération is continued
until a number of sheets of paper and pièces of
felt have accumulated. They are placed in a
press to remove a further quantity of water.
The sheets are then passed through a solution of
gelatine, and hung up on lines or pôles to dry.
When dry the sheets are calendered.

Comparatively little paper is now made by
hand on account of the great expense of labour;
it is, however, preferred for bank-notes, drawing-
paper, &c., on account of its uniform strength.
Owing to the fact that a shaking motion in every
direction can be given to the mould, the fibres
are irregularly distributed, and the maximum of
felting power is obtained, whereas in machine-
made paper, as will be seen subsequently, the
fibres tend to place themselves in the direction
in which the stream of pulp fiows. Such paper,
therefore, is strongest across the web.

Machine-hade Papek.
The modem Fourdrinier paper machine,

so-called from the original inventor, consists
essentially of an endless mould of wire-cloth on
to which a continuous stream of pulp flows and
on which a continuous sheet of paper is formed.
On leaving the wire-cloth the wet sheet of paper
passes through a sériés of rollers and over heated
cylinders and calenders whereby it is dried and
finished. The machine is shown in side élévation
figs. 3 and 4.

The pulp on leaving the beaters flows into a
large store vessel called a stulï-chest where it is

diluted to the proper consistency with water.
It is furnished with agitators to keep the pulp
uniformly distributed. From here it is pumped
and delivered under a con¬

stant head, to the sand
tables. These consist of
a long sériés of shallow
troughs, the bottoms of
which are covered with
pièces of felt or thin
strips of wood placed
across the direction of the
stream of pulp and at a
slight angle, the object of
which is to retain any
particles of sand or dirt.
The pulp passes from the
sand tables to the strain-
ers, which consist of
strong bronze plates hav-
ing a large number of fine
V-shaped slits eut in
them. The slits are from
2-3 inches long, and vary
in width from -007 to '05
of an inch. These slits
allow only the fine fibres
to pass, retaining ail un-
boiled or unbleached por¬
tions of fibre or other
impurities. The passage
of the stream of pulp
through the slits is as-
sisted bygiving a vigorous
shake to the strainer
plates or by means of a
pump placed below. One
of these strainers is shown
at c; the shake is pro-
duced by the cam a act-
ing on the hammer £>.

The strained and puri-
fied pulp passes from the
strainer on to an end¬
less travelling wire-cloth
which is carried by a
large number of small
rolls /' and by the large
rolls F /' and g. The
amount of pulp flowing,
and consequently the
thickness of the finished
paper, is regulated by the
sluiee e. The thicknes3
also dépends upon the
rate at which the wire-
cloth travels ; it may vary
from 60 to 270
feet per minute.

Travelling with
the wire-cloth are

two endless thick
india - rubber
bands i called
' deckle straps.'
These can be re¬

gulated at any
distance from each other and serve to détermine
the width of the sheet of paper. The rolls/" and
the wire-cloth are carried by standards g" which
are jointed at their lower ends. At the top
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-they are conneoted with a rod baving a rapid
Jto.-and-îro motion whieh is communi.cated to
the wire-eloth. This sbaking motion serves to
some estent to neutralise the tendency of the
fibres to set themselves in the direction of the
flow of the pulp.

The small rolls/' cause the excess of water
to pass more freely through the wire-eloth. As
the sheet of paper passes along, it goes over the
vacuum boxes i whieh are connected with air-
pumps, by which a further quantity of water is
removed from the sheet of paper.

TJnderneath the wire-cloth is a box k ealled
a ' save-all.' The water passing into it liolds

in suspension a certain amount of fibre. Tlife
. water is used to dilute a fresh quantity of pulp.
Any pattern, or ' water-mark ' as it is called,
may be produced on the paper by causing i
light skeleton roll, called a ' dandy roll ' coveied
with raised wire in the form of the pattern re-
quired, to press lightly on the wet paper. It is
generally placed between the vacuum boxes i.
After passing the last box i the still wet paper
passes between the ' couch-rolls ' gg'. Thea
are covered with feit and serve by theirpressure
to stiil further dry the paper. The paper here
leaves the wire-eloth and is transferred to m

endless felt which travels in the direction of
the arrows over the roll k. On its journey it
passes between the ' first-press rolls ' k, and then
through the ' seeond-press rolls ' i. Thepaper,
being still weak, is supported by a felt travel¬
ling on the rolls l. After leaving the ' seeond-
press rolls ' n, the paper is carried to the drying
cylinders m, heated with steam, of which there-
may be as many as twelve or more.

They are generally diyided into two set-,
between the sets being a pair o'f highly polisM
heated rollers n called '..smoothers.' Ailer
leaving the last drying cylinder the paper passe;
through the calender o and is then wound off
at p.

Single cylinder machine. In the single-
cylinder or ' Yankee ' machine, the paper after
having been formed on a wire cloth in substan-
tially the same manner as in the Fourdrinier
machine, is dried by passing over one very
large cylinder.

In another form of machine the paper is
formed on the periphery of a cylinder covered
with wire cloth, which revolves in a vessel coi'

taining the pulp.
Calendering. It is sometimes necessary.to

give a greater ' surface ' to a paper than is ne-
quired by the calender at the end of the ma¬
chine. This may be done in several ways. One
method, called 1 web-glazing,' is to pass the net
of paper between alternate rolls of polished iion
and highly compressed cotton or paper. Another
method called ' pjate-glazing,' consists. in pass¬
ing a bundle of sheets of paper alternated with
polished zinc or eopper plates, between a pair
of rolls to which great pressure is applied.

Still another method, which is known as
' friction-glazing,' is to pass the web of pape'
between two rolls, one of which travels ata
much higher rate than the other. After calen¬
dering, the paper only requires cuttingand sort-
ing before being placed on the market.

Soda recovery. Formerly, before the intro¬
duction of the Rivers Pollution Act of 1876, al
liquors in which esparto and other fibres had
been boiled were thrown away ; it is now the
practiee to recover the soda eontained in thep
by evaporating to dryness and ineinerating the
residue, thus obtaining the soda in the form of
carbonate. This has in most cases been found
to be highly remunerative. Various forms ôi
apparatus for economically evaporating large
quantifies of water have from time to time bcei
introduced. A very effective form is that knowi
as the Porion evaporator, which consists of i
large brick chamber on the fioor of which the
liquor is placed. A number of rapidly rt-
volving fanners stir up the liquor and distribufeIRIS - LILLIAD - Université Lille 1
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it in the form of a very fine spray. The
chamber is conneeted with a reverberatory fur-
nace where the evaporated liquor is incine-
rated, the waste beat from which serves for
the preliminary evaporation. This evaporator,
working with fairly strong liquors, is capable of
producing 1 ton of recovered soda for an expen-
diture of about 27 cwt. of coal.

Several forms of multiple effect evaporators
bave been introduced. The first of this kind
«as the Chapman evaporator which resembles
the ordinary vacuum pans of the sugar refîner.
The Yaryan evaporator is similar in principle,
but the evaporation takes place in a number of
narrow tubes (v. Evapobation). An important
advantage of these evaporators is the fact that
the liquors, excepting while in the incinerating
furnace, are not in contact with the products of
combustion of the fuel employed. Moreover,
the bulk of the water evaporated is recovered
in the form of distilled water.

The recovered soda, which, as has been said,
is in the form of carbonate, may contain in ad¬
dition a considérable quantity of potash, derived
from the fibrous substances which have been
"boiled in it ; also in the case of straw or esparto,
a larjte proportion, as high as 7 p.c., of silica.
It is dissolved in water and causticised by boil-
ing with lime, when almost the whole of the soda
it contains is recovered in the form-of sodium
hydrate. It should be borne in mind, however,
that it is liable to contain various aecumulatèd
impurities such as sulphate and chloride &c.,
derived from the soda originally employed, and
from that which .has to be added to make up
the loss in evaporation. This loss, together
with that due t& soda retained in the fibre, leak-
age, and soda volatilised during calcining, that
left in the lime mud after causticising, invaria-

■bly amounts to 15-20 p.c.
It is important that the loss should be ruade

up with as pure a form of alkali as possible.
E. J. B.

PAPER-COAL. A synonym for Dysodil
(<!•«•)■

PARACETOPHENETIDINE v. Phenacetin.
PARADIGrITALETIN v. Dioitauis.
PARAEEIN.
Manufacture of Paraffin OU and Wax.—

The manufacture of paraffin and paraffin- or
coal-oil was originated by the late James
Young, of Kelly, in 1851. The process essen-
tially consists in the destructive distillation
of carbouaceous minerais at a comparatively
low beat. The products formed are a green
oily liquid known generally as crude oil, an
iucondensable gas, and, as the minerais used
are usually also nitrogenous, a weak ammo¬
niacal liquor. The ammoniacal liquor is con-
verted into any of the commercial ammoniacal
compounds and the gas is used for distilling
succeeding portions of the minerai. The crude
oil has a sp.gr. of '860-'890° and solidifies at
ordinary températures. It consists of 70-80 p.c.
paraffins and olefines mixed with large quantities
of alkaloidal bases of the pyridine sériés, and
smaller quantities of eresols and phénol. In
refining it yields the following products in vary-
ing percentages depending on the kind of minerai
and the nature of the destructive distillation to
which it was subjected.

Sp.gr.
Naphtha or shale spirit . . -700--740
Burning or paraffin oil . . -800--820
Médium or light minerai oil . *840-'865
Heavylubricatingor minerai oil -S75--895

Paraffin-wax or ' Scale,' m.p. 86-140°F.
The liquid bodies are mixtures of liydro-

carbons of the paraffin and olefine sériés.
Naphtha contains (50-70 p.c. olefines and other
hydro-carbohs àcted on by fuming nitric acid :
burning-oil, 30-80 p.c. ; and the lubricating oils
consist almost entirely of nlefines, due probably
to cracking up in the distillations necessary in
refining. Eractional distillation is employed to
separate the liquid bodies, and the solid paraffin,.
which distils over with that portion of the oil
having a greater sp.gr. than '840, is separated by
cooling and crystallisation.

When the destructive distillation of carbo-
naceous minerais at a low heat was first com-

menced, a maximum yield of oil suitable for
illuminating purposes was the point to be at-
tained, and a horizontal retort similar in ail
respects to the présent coal-gas retort was used.
At that time the earbonaceous minerais Used
were coaly shales, more allied to Parrot coal
than to the real oil shales. No shale was worked
which yielded less than 40 galions of oil per ton,.
and the minerai most largely used was the cele-
brated Torbanehill minerai. When the oil pro-
duced was refined, that portion only which had
a lower sp.gr. than *840 and which was suitable
for illuminating was retained; the residue, eon-
sisting of the heavier oil and solid paraffin, «vas
burned. Soon after the starting of the first
paraffin oil works at Bathgate, in Scotland, it
was diseovered that these heavier oils rnade very
suitable lubricants, and that the solid paraffin,.
on being refined, could be made into candies..
This necessitated a change in the construction
of the retort, for the horizontal retort, however
well adapted for the manufacture of the lighter
oils, was not fitted for the préservation of the
heavy oils and paraffin, owing to the tendeney
of the paraffins to split up into a lower paraffin
and olefine while hanging slowly about the hot
sides of the retort. Young then patented the
first vertical retort and introduced steam during
the distillation. The improvement claimed was
a better yield of crude oil of a better quality.
The first vertical retort was round in shape :
six retorts were set in an oven, one furnace firing
them. At the .bottom each retort was sealed
in water and the shale was introduced at the
top by a hopper closed by a bell attached to a
weighted lever. Steam was introduced at the
bottom to sweep the oil vapours upwards to the
exit at the top. The shale travelled downwards,
meeting a gradually increasing heat. So suit¬
able was the retort that it was, until the last
few years, in use in many works in Scotland,
and even now the most recent retort is essentially
a modification of the firstvertical retort. Nearly
coïncident with the introduction of this retort,
ammonium sulphate became an article of com¬
merce, and the watery ammoniacal liquor which
separated from the oil was converted iuto sul¬
phate of ammonia. The vertical retort, owing ;
to the introduction of steam, yielded consider-
ably more ammonia than the horizontal.
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The next improvement introduced was the
destructive distillation of the shale under a

slight vacuum. At iirst, and even still, this

vacuum was produeed by a steam jet
through a cone, but the jet is being graduallt
superseded by mechanical exhausters. Former!;

14

Fig. 1.—Old Vertical Retort (End élévation and section).
Description applicable to Figs. 1 and 2 :—1. Charglng hutch. 2. Slmle platform. 3. Cliarging hopper.

4. Cast-iron retort. 4a. lletort steain pipe. 5. Gas exit. 6. Gasmain. 7. Water seal for cooling spent shale.
8. Spent shale liutch. 9. Furnace. 10. Lower or bottom chamber. 11. Mid or centre cliainber. 12. Top
cliamber and fine. 13. Main liue. 14. Aetort drawing leveh

the mixture of oily and watery ammoniacal
vapours, the products of the distillation, coming
from eaeh retort, tvas led to separate condensers.
Now it is the practice to conduct the vapours

from each beneh of retorts into one large con¬
denser. These condensera are merely long rangs
of pipes, usually placed vertically, and exposed
as much as possible to the action of the air. In

Fig. 2.—Old Vertical Retort (Front élévation and section).
summer a spray of water may be thrown over
them to assist in cooling. The crude oil and
water are drawn off at the bottom of each set
and separated in any suitable manner, advan-
tage being taken of their différent spécifie gravi-
ties.

In many works the gas, after having passe!
through the condensera, is forced through scrute
bing towers, filled either with coke or with ai
arrangement of trays whereby the gas is brought
into intimate contact with water and lieavy oil
The water absorbs the remaining traces oi
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ammoniainthe gas, and the heavy oil absovbs a
considérable proportion of naphtha, varying in
proportion to the estent of the previous cooling,
but usually aniounting to 11 to 21 gallons per
ton of shale. The heavy oil is freed from the
liglit naphtha by steam distillation, and after
cooling it is again used to absorb fresh naphtha.
Il has also been found that if the gas be com¬
presse! after passing through the eondensers
this naphtha can be obtained, but this process is
mueh more expensive than the other.

For some years after the introduction of the
vertical retort, various modifications were de-
vised, aiming at a better quality of crude oil, a
greater yield of ammonia, and eheaper working,
but noue were of practical importance till in
1871 William Young, of Magdalen Bridge, now
of Peebles, constructed a retort to utilise as fuel
the fixed carbon of the minerai after the volatile
matter had been distilled. The oil, however,
contained too rnuch tar, due to an attempt to
combine retort and furnace in one continuous
tube, the two being separated by a gas lute;

rvhieh was intended to prevent combustion
spreading to the oily vapours above.

Shortly afterwards, Henderson, of Oakbank,
now manager of the Broxburn Oil Company,
Limited, improved upon this arrangement by
constructing a retort with a separate furnace
below, into which, by a neat mechanical arrange¬
ment, the minéral exhausted of volatile matter

was dropped. This retort is still in extensive
use. The retorts are made of cast iron, of a flat
oval shape, arid four retorts are set in an oven.
Downward distillation is employed, the exit for
the oil vapours being at the bottom of the re¬
tort, and an internai chimney préserves them in
their passage from being destroyed by the bot
gases from the furnace. Steam at 40 lbs. pres¬
sure, previously superheated by its passage
through a sériés of pipes placed vertieally in the
oven containing the retorts, is introduced to
sweep the oil vapours downwards. Each retort
holds from 17 to 20 cwts. minerai and is com-

pletely emptied and filled every sixteen hours,
the retorts at opposite corners of the oven being
taken alternately. The furnace is divided in
two, the charge from one of the retorts filling
one of the divisions to the firing door. A folding
door at the bottom of the furnace forms a con-

venient means of discharging the spent shale
into the hutch below. It is found that the in-
condensable gas and the residual carbon of most
minerais form quite sufficient fuel to keep the

Vol. III. -T

oven in heat, but if the minerai contain a low
percentage of fixed carbon a little ooal introduced
through the firing door is necessary. The ad-
vantages claimed for this retort over its prede-
cessors are (1) good quality of crude oil, due to
thorough préservation of the paraffins ; (2)
more thorough extraction of ammoniacal eom-
pounds by the superheated steam ; (3) saving
in fuel ; (4) saving in labour. In 1879-80
Y7oung and Beilby simultaneously discovered
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that, if the shale, after complété distillation of
the volatile matter, were submitted to the con-
tinued action of steam at a high température,
an increased amount of the nitrogen of the
shale was obtainable as aramonia. ïhe oxygen
of the steam combines with the residual carbon,
and the nascent liydrogen forms ammonia with
the remaining nitrogen. They therefore con-
structed a retort having two separate and dis¬
tinct heats, the lower at the top for distilling the
oil, the higher at the bottom aidmg the combus¬
tion of the fixed carbon in a current of steam.

Fis. 4.—Yocng and Beileï Paient Retorts (Section through Shale Retort).
1. Raw sliale hopper. 2. Redistillation chamber. 3. Retort. 4. Gas valve. 5. Shale gas main. 6. Coal

gas main. 7. Platform. 8. Steam main. 9. Coal retort steam pipe. 10. Sliale retort steam pipe. 11. Speut
shale drawing door. 12. Steam cliequers. 13. Retum gas main. 14. .Main flue. 15. Chamber hue. 1G. Damper.
17. Binder rails. 18. Binding bolts. 19. Heated gas ports.

The lower, or ammonia-making portion or these
retorts, is built of brick, the higher, or oil-dis-
tiliing portion, of iron, although reeently the re-
torts portion has also been built of brick through.
out. The retorts are built in ovens of eight, each
oven having regulating dampers at each corner,
Steam is introduced at the bottom, and that
portion of it which is not decomposed in passing
through the glowing carbon, along with the
gases formed from that décomposition, aid in
the distillation of the freshly introduced minerai
above. When the shale is completely spent it

is withdrawn into the hutch below in small
quantifies at a time, at intervais of 3 to 4 hours,
fresh minerai being introduced at the top. A
large hopper is plaeed in connection with every
four retorts, through which the oil vapours pass
before entering the main. The cold shale in
this hopper condenses the lieavier oil vapours,
which are again distilled by the upward current
of super-heated steam, and the oil is thus sup-
posed to get a practical re-distillation, and con¬
séquent purification. These retorts are capable
of distilling 25 to 30 ewts. per 24 hours. Each

oven has two coal retorts, the gases from which
aid in the heating of the oil retorts, and il
desired the ammonia from the coal can be re-

eovered. The advantages claimed are: (1)
Yield of ammonia practieally doubled; (2) crude
oil containing less tar due to the re-distillation
in the hopper ; (3) cheaper labour.

The paraffin industry is located almost en-
tirely in Scotland, although in Southern Ger
many and Austvalia distillation of minerai for
the production of crude oil isto some small estent
carried on. In Scotland the minerais wrought
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are with one or two exceptions, certain seams of
shale lying between the coal system and the old
red sandstone.

Ail these seams are well known and well
defined in their separate characteristics of yields
of oil, solid paraffin, and amnionia. ïhese are
the truc paraffin shales, and are distinguished
from the coaly shales whieh were originally
wrought, by their tendency to yield under ail
beats whether high or low, members of the
paraffin and olefine sériés, rather than members
of the benzene group. The following are the
shales at présent being wrought with the yields

of crude oil and sulphate of ammonia with the
Henderson and Young and Beilby retorts :

Gallons oil !
Pert°» ilbspertoS

Y. and B.
(NHJ2S04.
Ibs. per ton

Broxburn .

Fells .

Straiton or

Briderburn

Pumpher
ston

28-33 ! 16-20
36-40 11-14

26-30 5-8

16-22 : 25-35

26-32
25-35

20-26

50-60

t

Fig. 5.—Yoong and Beilby Patent Retort (Section through Coal Retort).
1. Coal retort hopper. 2 Coal retort. 3 Gas exit 4. Coal gas valve. 5 Shale gas main. 6. Coal gas

main. 7. Platform. 8 Steam main 9 Coal retort steam pipe. 10. Shale retort steam pipe. 11. Furnace.
12. Steam chequers. 13. Retnrn gas main 14. Main hue 15. Heated gas ports. 16. Heated gas exits from
furnace. 17. Brader rails. 18 Bîuder Doits. 19 Flirnace ashpit dampers.

From the tanks at the retorts the crude oil
is conveyed to the refinery. Here it is subjected
to repeated distillation, and treatments with acid
and soda. The préservation of the paraffins
from ' cracking up ' during distillation, and of
the olefines from formation of sulpho-olefine
compounds during the treatment with sulphuric
acid, forms the basis of the most approved methods
of refining crude oil. The process varies in diffé¬
rent Works, and with différent oils and with
market prices.

Distillation is usually conducted in large stills
similar to that shown in section (Figs. 6 and 7).
The bottom is of cast iron, the top or body of
malléable iron. Those holding 2,000-2,500
gallons arenowin most général use.having super -
seded stills of a smaller size. Each still is fitted
with a ' feed pipe ' for charging, a ' dip pipe ' for
ascertaining the contents during distillation, and
a steam pipe for introducing steam at from
10-40 ibs. pressure. The introduction of steam
keeps the oil in constant ebuilition and from
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clinging about the hot bottom o£ tbe still, and
helps to preserve the paraflins from dégrada¬
tion. The exit from each still is connected
with a suitable water condenser, containing

230 ft. 4 in. east-iron pipe. If it be a still used
for fractional distillation, pipes connected with
différent tanks receive the various fractions.
Before passing to the tanks the steam water

Fis. 0.—Section Still and Condenser (2,000 gais, capacity).
Description applicable to Figs. 6 and 7 :—1. Malléable iron still top. 2. Cast iron still bottora. 3. Manhoie

and door 4. Dome and gas exit to condenser. 5. Oil feed or cliarging pipe. 6. Dip cock. 7. Steani pipe.
8. Furliace. 9. Spy box. 10 Cleamng platform. 11. Damper. 12. .Main fine. 13. Condenser. 14. Platform
for feedwater cocks to condenser. 15. Incondensible gas exit pipe. 1G. Oil exit, or worm end. 17. Oil receiving
pipes. 18. Platform for worm ends.

requires to be separated. This is very expe-
ditiously done by mearis of ' separators,' con-
sisting of oblong boxes, with two ontlets on
nearly the same level, although one connects
with the bottom. When the mixture of oil and

water enters the ' separator ' the water settles to
the bottom and escapes by one pipe, while the
oil is skimmed from the top by the other.

In an ordinary distillation the still is charged
from a tank on ahigher level to within 18-24 in.

from the top, to allow room for expansion ; fire
is then applied below. In a few liours the still
begins to boil, and water appears at the worm,
and with it a little of the lighter oils. After the
water is completely driven off, which will be in
ten to twelve hours, steam is introduced in

gradually increasing volume during the distilla¬
tion, until, when the lieavier oils are being dis-
tilled, from 15 to 25 p.c. water is coming over
with the oil. The oil is distilled to dryness, the
residue being coke. The time taken to fire a
2,500 gallon still from the starting of firing to

Fro. 7.—Elévation and Feont Section of Still (2,000 gais, capacity).
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the coking is twenty to twenty-four hours. After
the still is coked steam is kejit on for three or
four hours, ancl the furnace-doors are thrown
open. In eight to ten hours after coking the
still doors are thrown off, and in forty-eight
hours after firing the still is cleaned by cleaners,
who pick the coke from the bottom, and the
still is again ready for charging. Seven runs
per fortnight are thus got from one still. This
is the simples! form of distillation.

In some works a System of feeding the stills
is carried on. As soon as the sp.gr. of the dis-
tillate has risen to '820 or '830, i'resh oil is run
in, and the distillation is started afresh. With
2,000-gallon stills this can be done, but with
2,500-gallon stills it is difficult to get seven runs
per fortnight.

Mr. Henderson, of Broxburn, reeently intro-
duced a process of continuons distillation, which,
while effecting a large saving in coal and labour,

enables much smaller plant to do the work.
The System consists of a sériés of oil stills and
boilers, kept at 'différent températures, the
colder oil is fed into the first, and, after passing
through the sériés, is reduced to dryness in the
last, of which there are always two or more.
Before entering the first boiler the oil is led
through a heater, and heated by the gases coming
from the hottest of the boilers. These boilers

are usually made for continuous distillation, of
a size 19 feet long and 7 feet deep, and the
bottom, at ieast, made of the best procurable
iron or steel. In oil boilers the steam pipe is
laid along the bottom, and the steam escapes by
a sériés of perforations. Immediately below the
boilers an arch is built the whole length of the
furnaee ; this arch is perforated at the sides and
back with port-holes, which allowthe hot furnaee

Description applicable to Figs. 8 and 9 :—1. No 1, or driviug boiler. 2 No. 2, or médium boiler. 3. No. 3,
orlieavy oil boiler. 4. Coking stills. 5. Cold oil feed to heater. 6. Heater. 7. Hot oil feed from heater to boiler,
8. Transfer pipes between boilers and stills. 9. Condenser. 10. Incondensible gas exlniust. 11. Worniend, or
trap pipe. 12. Oil receiving pipes. 13. Worm end platform. 14. Safety ping. 15- Gaugo glass and cocks.
16. Furnaee 17. Ports for heated gases 18. Aren. 19. Arch protecting transfer pipe. 20. Tar blower or in-
jector. 21. Steam main. 22. Tar main. 23. Boiler steam connection 24. Still steam connection. 25. Water
trap. 26. Steam superlieater. 27. Steam pressure gauge 28 Spy boxes. 29 Dampers. 30. Still steampipe.

Fig. 8.—Continuous Distillation Plant (Front élévation with section of Still).

Fig. 9.—Contniuous Distillation

gases to escape slowly into the chamber above.
The boiler is thus suspended in what is prac
tically a hot-air bath. These boilers are usually
heated by the combustion, as fuel, of the tar
from the oil. This tar is sprayed into the
furnaee from the nozzle of an injector, and can
be consumedwithout formation of smoke. Three
boilers, with the necessary stills for coking, form
a complété set, though fewer can be done with,
depending on the quantity of oil and the num-
ber of fractionations. The oil feed-pipe delivers
its contents within 18 inches from the front of
the first boiler. At first ail the boilers are

filled with cold oil, and are gradually worked to
their normal state, viz. the first boiler distilling

naphtha sp.gr. -7G0 ; the second, light oils, sp.gr.
•820--830 ; thethird, heavier oil, sp.gr. -870-'880.
When they have arrived at this stage, or even a
little earlier, the feed pipe is opened and oil fed
into the first boiler. The exit oil pipe from
this boiler is at the extreme back, and in passing
there the oil loses the naphtha or lighter oils.
From this exit the oil flows by gravitation
through pipes to the front of the next boiler,
in passing through which it loses light oils
sp.gr. -820--830 ; and in the same manner into
the next, where in its passage it loses most of
the heavier "oils and solid paraffin. It will thus
be seen that the heavy dirty residue ail accumu¬
lâtes in the third boiler. When the boiling-

Plant (Section through Oil Boiler).
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point of this residue rises so that the Beat
required to distil it might deposit coke, although
in actual praetice it is never allowed to go so
far, the cock is opened between the third boiler
and one of the attached stills witli a cast-iron
bottom, previously heated to the distilling-point,
and filled with an atmosphère of steam. The
opération requires great care, for if the still be
too cold the oil froths up, and may burst the
still by solidifying in the condenser. In prac-
tical working, when one still has had sufficient
run into it, another is made ready, and there is
no stoppage.

In the first distillation which the crude oil
receives, naphtha sp.gr. -740 only is separated,
the rest of the distillâtes are run together and
f'orm what is known as once-run oil. In some

Works where the ' Young and Beilby ' retorts are
in use the crude distillation is omitted. After
distillation the oil receives its first treatment
with sulphurie acid and soda. This opération
is conducted as a rule in large malléable iron
boilers containing 6,000-18,000 gallons. These
boilers are set on différent levels so that the oil
after purification with acid may run into the
boiler, where it is to reeeive the soda treatment.
Agitation is produced by means either of air at
high pressure, applied through a perforated pipe
lying at the bottom of the washer, or by ordi-
nary meehanical means, sueh as paddles set on
a shaft extending the whole length of the washer.
The acid is added in successive portions, with
an intervening settling and withdrawal of the
tar.

The mixed distillâtes from the crude oil are

treated at the lowest workable température—
heat being necessary on account of the presence
of solid paraffin—with either the acid tar from
some of the later stages of the treatment or with
acid sp.gr. 1-720 or 144°Tw. This treatment
précipitâtes the greater part of the tarry matter
of the oil consisting of pyridine bases, pyrrol, &c.
In practice this opération is known to be com¬
plété when the oil changes from a bright-green
colour to a very pronouneed blue. After the
acid treatment the oil is allowed to settle for not
less than 4 hours, and more usually overnight.
When the precipitated tar has completely settled
but the oil is run into the soda washer, where it
is treated either with soda from a later stage or
with 1J-2 p.c. solution caustic soda sp.gr. 1-3
(60°Tw.). This soda absorbs the cresylic and
phenylic bodies. The complété absorption of
these bodies is known when a little elear soda
liquor appears at the pipe for drawing off the
soda tar.

The oil after this treatment is ready for frac-
tional distillation into heavy and light oil. This
is done in boilers or stills similar to those de-
seribed, and may be either intermittent or con-
tinuous. The distillate is run into the light-oil-
receiving tank so long as the sp.gr. is below
•830-840 ; after it has reached that sp.gr. it be-
comes solid on cooling, and therefore requires to
be sent to the paraffin extraction house in order
that the solid paraffin may be separated.

The first fraction contains nearly ail of the
burning or paraffin oil of commerce. It is
washed with acid, usually about 0-5-0-75 p.c.,
and after agitation, settling, and withdrawal of
the tar, which is again used for treating the

once-run oil, it is treated with caustic soda solu.
tion sp.gr. 1-3 (60°Tw.), usually about 1-1-25 p.c.,
and again distilled. In this distillation boÛers
are in more général use, and the residues are
either drawn off, as in the continuous distillation,
or the boilers are, after repeated feeding opéra¬
tions, allowed to cool and the residue drawn off
into cast-iron coking stills. Any portion of the
distillate over -840 is run to the paraffin extrac¬
tion bouse.

When the light oil has reached this stage it
can, by a single washing, be made ready for the
market ; but the largest proportion of oil made
receives another washing with strong acid and
strong caustic soda and another distillation, ail
similar to that which it received before. The
oil in this state can be pumped to the stock
tanks as finished. If, howevcr, a better
quality of oil be wanted, paler in colour and
with less smell, it has to undergo a wash¬
ing differing slightly from those which have
been described. As before, the oil is washed
with strong acid, but in one treatment, and
allowed to settle for 15 minutes. The tar is
then withdrawn and the oil is run into the soda
washer and treated first with either pure water
or with 10 p.c. soda solution sp.gr. 1-0025
(,3°Tw.). This is allowed to settle outand with¬
drawn, and 8-10 p.c. soda solution sp.gr. 1-015
(3°Tw.) run in, and the oil agitated with it for
5 or 10 minutes. This is allowed to settle out,
and tliereafter the oil receives two washings with
pure water to wash out the remaining traces of
soda. It is then taken to some shallow vessels,
kept in a température of say 15-5°-21°C., when
the water rapidly separates out and the oil is
white, bright and elear, with little smell.

Heavy oil and paraffin fraction.—From this
fraction the greater proportion of the paraffin
is immediately extracted. The oil is cooled as
slowly as possible to the température desired so
that the crystals may be large and well formed.
In some processes the whole of the paraffin is
extracted at this stage by cooling the oil to a
very low température, but in the majority of
cases only 80-90 p.c. of the paraffin is ex¬
tracted. The plant employed in the cooling
opération varies greatly. The oldest system yet
in use is that in which the oil, placed in a
shallow vessel, constantly fed, is lifted on the
surface of a slowly revolving drum fixed so that
a small part of its circumference moves in the
oil ; the drum is kept at a very low température
by means of either the expansion of gasoline
or ether within it or by the circulation of frozen
brine cooled by any of the freezing machines in
général use. At the opposite side from which
the drum emerges from the oil is fixed a knife-
edge, regulated in its distance from the surface
of the drum by screws, which, scraping the oil
frozenin transit, throws it down to apump, which
eonveys it to filter presses. It is found that
this System of cooling is much too rapid, and
that the crystals are not well formed. Various
attempts have been made to rectify this, among
the more suecessful of which have been the
apparatus of Henderson and of Beilby. In both
of these Systems the oil is cooled in bulk. In
the Henderson system a large vessel, in which
are suspended hollow plates with brine circu-
lating through them, is filled with oil and slowly
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frozen. The oil as it freezes is removed from |
the cold surface of the hollow plates by slowly I
revolving scrapers, and a screw at the bottom |

delivers it, when eooled to a sufficiently low
température, to the pumps. These vessels are
covered with wood to prevent radiation. In the

Fig. 10.—Hendeeson's Patent Paeaffin Coolee (Plan).
Description applicable to Figs. 10,11, and 12 :—1. Oil space or cells. 2. Oil overflow pipe. 3. Scrapers for

solidifiée! paraffin. 4. Screw propellers. 5. Exit valve for frozen oil to pumps. 6. Scraper sliaft. 7. Screw
shaft ami driver for scraper sliaft. 8. Main driving shaft. 9. Disengaging gear for cooler. 10. Disengaging
gear for scraper sliaft. 11. Cold brine inlet to brine cells. 12. Urine cells. 13. Brille outlet from cells to sliell
space. 14. lirine space round sliell. 15. Brine overflow.

Beilby System the oil is cooled in repose to a
solid mass in large bloeks ; when the blôck is
frozen through, a shearing screw at the bottom

Fig. 11,—Hendeeson's Patent Paeaffin
» Coolee (End élévation).

breaks it up and conveys it to the pumps.
Beilby also builds both cooling and tiltering ap-
paratus in a house built with double walls and roof,

the interspaces being filled with non-conducting
material. The oil is thus filtered at practically
the same température as that to which it has
been cooled.

The oil, after being frozen by any of the fore-
going Systems, is pumped into an ordinary filter-
press, which retains the paraffin crystals and
allows the oil to l'un off. These filter-presses
are, as a rule, allowed to attain a maximum
pressure of 160 lbs. per square inch.

The oil from which the paraffin has been ex-
tracted is now washed with 1-1-7 p.c. sulphuric
acid, 1-840 sp.gr., as before described, and after
settling and withdrawal of the tar, it is treated
with 1-1| p.c. caustic soda solution sp.gr. 1-3
(60°Tw.j. After this treatment it is technically
known as blue oil, and is again distilled in large
cast-iron stills. This oil is always distilled over
soda, about 5 lbs. per 100 gallons being put into
the still. A very good plan is to hang 1 ewt.
drums solid caustic soda from the top of the
still. In this way the soda is slowly dissolved
out and the whole of the oil receives a due share,
whereas when the soda is thrown into the still,

Fig. 12,—Hendeeson's Patent Paeaffin Coolek (Side élévation with break to show
arrangement of Plates and Screw).

it settles to the bottom of the oil and the coke
which is formed covers it over and thus neutral¬
ises the full benefït. In this distillation the oil
is fraetionated : until it reaehes a sp.gr. of -840-
"845 it is returned to the light oil, from -840-
•845 to -86S--875 it is fractioned to form light
minerai lubricating oil, and from -86S--875 until
the oil in the still begins to undergo destructive
distillation the distillate forms heavy minerai

lubricating oil. These oils still contain solid
paraffin, and are again frozen in order to extract
it. After being filtered, the oils are washed, the
heavier with from 3-5 p.c. 1-840 sp.gr. sulphuric
acid, the lighter with from 2-3 p.c. added from
time to time, with intervening agitation, settling,
and withdrawal of the tar. After the last ad¬
dition tliey are usually allowed to settle over-
niglit. Havirig been thoroughly settled, thev are
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run into the soda washer and treated with warm

carbonate of soda solution sp.gr. 1-045 (9°T\v.),
or with sp.gr. 1-020 (4°Tw.) sol. caustic soda.
When the acid has been eompletely neutralised
a large quantity of warm water (70°C.) is run in
and the oil is allowed to settle. After settling
for some time, the soda solution—which now

mainly consists of an emulsion of soda solution
and sodium-sulpho-olefines, the olefines having
been attacked in the previous acid treatment in
the endeavour to remove ail the impurities from
the oil—is run off and more warm water added.
Âîter this has partially settled out and with-
drawn, the oil is kept at a température of from
100-150°]?. for some hours in shallow open
vessels when the remainder of the water settles
out and the oil is clear. The heavier oil has

usually a sp.gr. -885--805 and is largely used for
lubricating light machinery. The lighter oil is
used for gas-making and for cleaning machinery.

The paraffin from the filtering of ail these
oils, the blue oil, the heavy lubricating oil, and
the médium or light minerai oil, still contains a
large pereentage of oil varying from 15-30 p.c.,
and this oil requires to be extracted by hydraulic
pressure. The paraffin as it cornes from the
filter-presses is made up in cakes surrounded
by cotton press cloth, and when in the press a
piece of wicker basket-work is placed below each
cake to allow the oil to drain freely. The
hydraulic presses are kept at a constant tem¬
pérature by means of steam-pipes placed in close
proximity. After pressure, the ' scale,' as it is
called, from the blue oil varies from green to
light grey in colour, has a melting-point of
45-5°-49°C., varying as the oil it has been ex¬
tracted from was cooled before filtering—the
lower température yielding the lower melting-
point scale, and it seldom contains less than
4 p.c. oil and 2 p.c. dirt and water and other
impurities. It is known commercially as green
01- hard scale.

The ' scale ' from the heavy and light
minerai lubricating oils is much lower in melting-
point, varying from 28-3°-38-8°C., and is known
commercially as soft scale. This soft scale
when remelted is used very largely for the dip-
ping of matches, and has thus very generally
aequired the name of match paraffin.

The hard scale m.p. 45-5°-49cC. is, after
refining, used in the manufacture of candies.
At présent there are two very distinct pro¬
cesses for refining this scale and converting it
into wax suitable for candie manufacture.
These are known respectively as the ' naphtha '
and the ' sweating ' process. The first, which is
the older, has now been almost replaced by
the latter, mainly on account of economy and
safety.

In the 'naphtha' process the hard scale
alone is taken. It is melted in a suitable vessel
and the dirt and water allowed to settle.
Naphtha, either pure or from a later stage, is
added to the extent of 10-20 p.c., and the whole
mass is allowed to cool slowly. The cooling
may be done by floating the melted paraffin on
the surface of water in a shallow pan to a depth
of 1J-2 inches, or in pans suitable for the pur-
pose. The mixed paraffin and naphtha is
pressed by hydraulic power, the presses being
usually inclosed in a casing heated with steam-

pipes. The naphtha carries off the lower-melt-
ing-point paraffins, oil, and greasy hydroearbons,
and leaves the paraffin much whiter than before
pressing. This opération is repeated three oi
four times until a sufficient degree of puritvij
attained, the naphtha from each stage being
used for admixture with the paraffin of the pre¬
vious stage. The purified paraffin still smells
strongly of spirit, from which it is freed by
heating with open steam in a closed vessel con-
nected with a condenser, when the naphtha
distils over and leaves the paraffin odourless.
It is then thoroughly settled and freed from
water, treated with 2-5 p.c. animal ehareoal an!
filtered through steam-jacketed filters. The
resulting paraffin from this process is beauti-
fully white, bright, and translucent. The melt¬
ing-point of the wax is thoroughly within con-
trol. The naphtha pressings from the first
treatment containing ail, or nearly ail, of the total
impurity are freed from naphtha by open steam
distillation, the distilled naphtha being used
again in the last stage of the refining process,
Tlie residue in the still is treated with sulphurie
acid and soda, as in treating finished oil, and
after settling, cooling, and pressing to remove
oil, is soft or match paraffin.

When, on the other hand, paraffin is to ho
purified by the ' sweating process ' the whole of
the paraffin from the oils is taken, both hard
and soft, so that the paraffin to be dealt with
may contain a considérable proportion of
paraffin gf a lower melting-point than the
finished wax is to have. It is melted and cooled

1. Paraffin pipes. 2. Cooling rack. 3. Cooling trays.
4. Windows.

slowly in tins placed one above another and so
arranged that when the upper tin is full the
liquid paraffin overflows into the next below. A
cake 2 feet long by 1 foot broad by li-2 inches
thick should take twelve hours to cool, so that
the crystals may be well developed. These
cakes are then transferred intc either large
heated ovens, or into smaller compartmenfs
inclosed in a suitable building. Fig. 14 exhibits
one of the larger ovens in section. On each
side and at the bottom are steam-pipes, and half
way up are plates to defleet the heat. Nest
corne two racks, fitted with . inclined shelves,
perforated at the edges so that the drainings
may escape freely. The cakes of paraffin are

IRIS - LILLIAD - Université Lille 1



PARAGUAY TEA. 121

laid upon these shelves with an intervening
sheet of cocoa matting or other suitable mate-
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Fig. 14.—Paraffin Sweating House.

1. Sweating racks. 2. Paraffin cakes. 3. Steam heat-
ing pipes. 4. Oil sweatings gutter. 5. tViudow. 6. Close
roof.

rial allowing of free drainage. Steam is then
turned on to the heating pipes, ail openings into

Fig. 15,—Paraffin Filter (Steam-jacketed).
1. Paraffin receiver. 2. Steam jacket. 3. Filter cone

eovereil with ganze and paper. 4. Piltered paraffin exit.
5. Steam coek. (!. Bridge and screw for keeping filter in
position. 7. Unfiltered l'araffin cock.

the building closed, and the oven is heated to
within of the desired melting-point of
the fimshed paraffin. As the heat rises, the
lower-melting-pOint paraffin cryEtals melt, and

earry away with them the oil and impurity, and
after a lapse of 10-12 hours the hard paraffin is
left almost perfectly pure. It is then melted,
treated with animal charcoal, filtered and caked.
If a purer paraffin be desired, the cakes from the
oven are mixed with some white, lower-melting-
point paraffin, and the opération of sweating
agaîn gone through, the sweating from the
second opération being added to the crude
paraffin of the first.

The sweatings from the crude paraffin are
caked, pressed by hydraulic power to free them
from oil, and are again themselves sweated to
make a lower-melting-point wax. A very
good plan, where the cooling power is ample, is
to mix the sweatings with the light lubricating
minerai oil before freezing for the last time.
The oil removes the dark-coloured impurities,
and the scale is fit either for melting into match
paraffin, or for mixing with the crude green
scale previous to sweating. The usual plan,
however, is to treat the second sweatings with
sulphuric acid and soda, as in treating a finished
oil, and cake for match paraffin.

Besides these, the usual commercial products
of paraffin manufacture, there are certain pro¬
ducts obtained from the acid and soda tars.

Generally, the acid tar is boiled with water,
which separates the acid from the greater part
of the alkaloidal bases precipitated by it, and the
résultant weak acid liquor is used in the manu¬
facture of sulphate of ammonia. In most works,
except where the yield of ammonia per ton is
exceptionally large, the acid recovered in this
way is sufficiept to convert the whole of the
ammoniacal compounds obtained from the shale
into sulphate. The acid and soda tars are then
mixed together and either used as fuel, or dis-
tilled to make oils for gas-making and coarse
greases for lubricating colliery hutches.

A process is still in use for recovering the
soda after its absorption of eresylic and phenylic
tars. Carbonic acid from a coke fire is forced
through the soda tar as it cornes from the washers.
The acid combines with the soda, and creosote oil
is liberated suitable for creosoting sleepers, and
for other purposes. The sodium carbonate is
reconverted into caustic and used over again.

Statistics.
British manufacture, 1890.

Retorts in Opération.
Henderson's patent . . . 1,520
Young and Beilby's patent . 3,528

Capable of producing :
04,560,000 gallons crude oil and

25,000 tons sulphate of ammonia per
annum.

This crude oil yields :
Naphtha
Burning oil .

Gasoil 840-50
Médium oil -865
Heavy lub. oil -875--895 .

Soft scale
Hard scale

2,030,128 gallons
19,086,650

973,768
2,729,928
6,440,632 „

3,605 tons
17,482 „

J. C. H.

PARAGUAY TEA. This substance, com-

monly known as Maté, or Jesuits' or St.
Bartholomew's tea, consists of the dried leaves
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and shoots of an evergreen, Ilex paraguay-
ensis, and other small trees of the same

genus, commôn in the mountain woods of
Southern Brazil, the Argentine Republic, and
Paraguay. The dried leaf is used as a substitute
for tea in these countries. Its properties appear
to be chieliy due to eaffeine, which is présent,
aceording to Stenhouse, to the extent of from
1*1 to 1*2 per cent.

A sarnple of the powdered leaves examined
by H.Byasson (Ph. [3] 8, 605) gave the following
results :

Caffeine T85
Glutinous substances &c. . . 3-87
Complex glucoside . . . 2-38
Resin 0'63
Inorganic salts, including iron . 3'92
Malie acid .... Not estimated.

Aceording to Alonzo Robbins, it contains 1*5
of a peculiar tannin which does not precipitate
potassio-tartrate of antimony, nor tan leather.

PARAPHENYLENE ELUE. Thisdye cornes
into commerce in three shades, which are desig-
nated respectively G, R, and B. They belong
to a class of dyes obtained (aceording to Eng.
Pat. 10,134, 1886) by heating paraphenylene-
diamine (or its homologues) with certain amido-
azo- compounds—e.g. amidoazobenzene.

Paraphenylene blue R dissolves easily in
water with a reddish-blue colour. Hydrochloric
acid produces no change in the aqueous solution ;
but caustic soda completely précipitâtes the dye
in the form of a dark-violet precipitate. Tannic
acid, in presence of sodium acetate, yields a blue
precipitate, and the liquid is rendered colourless.
The boiling aqueous solution yields a black pre¬
cipitatewith bichromate of potash. The reactions
shown by the other shades are similar. On wool,
paraphenylene blue dyes direct in presence of
a small quantity of acid. On cotton it is fixed
by means of tannin and tartar emetic. The
shades obtained resemble those produced by
methylene blue. When chromed after dyeing
the shades become considerably darker (S. C. 1.7,
561).

PARALDEHYDE v. Aldéhyde.
PARASACCHARIC ACID v. Liquoeice eoot.
PARAXANTHINE v. Yegeto-alkaloids.
PARCHMENT. Parchemin (Fr.) ; Perga-

ment (Ger.). This writing material has been
known since the earliest times, but is now made
in a very superior manner to that by which it
was anciently prepared, as we may judge by in¬
spection of the old vellum and parchment manu-
scripts. The art of making parchment consists
in certain manipulations necessary to préparé the
skins of animais of such thinness, flexibility, and
firmness as may be required for the différent uses
to which this substance is applied. Tliough the
skins of ail animais may be converted into
writing materials, only those of the sheep or the
she-goat are used for parchment ; those of calves,
kids, and dead-born lambs for vellum ; those of
the lie-goat, she-goat, and wolves for drum-heads ;
and those of the ass for battledores. Ail these
skins are prepared in the same way, with slight
variations, which need no partièular détail.

They are first of ail prepared by the leather-
dresser. After they are taken out of the lime-
pit, shaved, and well washed, they must be set
to dry in such a way as to prevent their puckering

and to render them easily worked. The small
manufacturers make use of hoops for this pur-
pose, but on the larger scale a herse or stoiit
wooden frame is employed. This is formed of
two uprights and two cross-bars solidly joined
together by tenons and mortices so as to form a
strong piece of carpentry, which is to be fixed
against a wall. These four bars are perforated
ail over with a sériés of holes of such dimensions
as to receive slightly-tapered boxwood pins traly
turned, or even iron bolts. Each of these pins
is transpierced with a hole like the pin of s
violin, by means of which the strings employed
in stretching the skin may be tightened. Abore
tlie herse a shelf is placed for receiving the tools
which the workman needs to have alwaysathani
In order to stretch the skin upon the frame, larger
or smaller skewers are employed, aceording as
a greater or smaller piece of it is to be laid hold
of. Six holes are made in a straight line to re¬
ceive the larger, and four to receive the smaller
skewers or pins. These small slits are made
with a tool like a carpenter's chisel, and of the
exact size to admit the skewer. The string round
the skewer is aflixed to one of the bolts in fie
frame, which are turned round by means of a
key like that by which pianos and harps are
tuned. The skewer is threaded through the skin
in a state of tension.

Everything being thus prepared, and the
skin being well softened, the workman stretches
it powerfully by means of the skewers ; be
attaches the cords to the skewers, and fixes their
ends to the iron pegs or pins. He then stretches
the skin, first with his hand applied to the pins,
and afterwards with the key. Great care must
be taken that no wrinkles are formed. The skin
is usually stretched more in length than in
breadth, from the custom of the trade, thougl
extension in breadth would be préférable, in
order to reduce the thickness of the part opposite
the backbone.

The workman now resorts to the fleshingtool.
It is a semicircular,double-edged knife, madefast
in a double wooden handle. Other forms of the
fleshing-knife edge are also used. They are
sharpened by a steel. The workman seizes the
tool in his two hands so as to place the edge
perpendicularly to the skin, and, pressing it care-
fully from above downwards, removes the flesby
excrescences and lays them aside for making
glue. He now turns round the herse upon the
wall, in order to get access to the outside of the
skin and to scrape it with the tool inverted, so
as to run no risk of cutting the epidermis. He
thus removes any adhering filth, and squeezes
out some water. The skin must next be gronnd.
For this purpose it is sprinlded upon the fleshy
side with sifted chalk or slaked lime, and then
rubbed in ail directions with a piece of pumice-
stone, 4 or 5 inehes in area, previously flattened
upon a sandstone. The lime soon gets moist
from the water eontained in the skin. Thé
pumice-stone is then rubbed over the other side
of the skin, but without chalk or lime. This
opération is necessary only for the best parch¬
ment or vellum. The skin is now allowedtodiy
upon the frame, being carefully protected from
sunshine and from frost. In the arid weather
of summer a moist cloth needs to be applied to
it from time to time, to prevent its drying too
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suddeuly, immediately after whieh the skewers
require to be tightened.

When it is perfectly dry, the white colour is
to be removed by rubbing it with the woolly side
of a lambskin. But great care must be taken not
to fray the surface—a circumstance of whieh
some manufacturers are so rnuch afraid as not
to use either ehalk or lime in the polishing.
Should auy grease be detected upon it, it must
be removed by steeping it in a lime-pit for ten
days, tbeu stretching it anew upon the herse,
after whieh it is transferred to the seraper.

Tkis workman employs here an edge tool of
the same shape as the fieshing-knife, but larger
and sharper. He mounts the skin upon a frame
like the herse above described ; but he extends
it merely with cords, without skewers or pins,
and supports it generally upon a pieee of raw
calfskin strongly stretched. The tail of the skin
being placed towards the bottom of the frame,
the workman first pares off with a sharp knife
any considérable roughnesses, and then scrapes
the outside surface obliquely downwards with
the proper tools till it beeomes perfectly smooth ;
the tleshy side needs no sueh opération ; and
indeed, were both sides scraped, the skin would
be apt to become too thin, the only objeet of the
seraper being to equalise its thickness. What-
ever irregularities remain may be removed with
a piece of the finest pumice-stone well flattened
beforehand upon a fine sandstone. This process
isperformed by laying the rough parchment upon
an oblong plank of wood in the form of a stool,
the plank being covered with a piece of soft
parchment stuffed with wool, to form an elastic
cushion for the grinding opération. It is merely
the outside surface that requires to be pumiced.
The celebrated Stràsburg vellum is prepared
with remarkably fine pumice-stone. If anysmall
holes happen to be made in the parchment they
must be neatly patched by cutting tlieir edges
thin and pasting on small pièces with gum-
water.

Parchment is coloured green only. The fol-
lowing is the process. In 500 parts of rain-
water boil 8 of cream-of-tartar and 30 of erys-
fallised verdigris ; when this solution is cold,
pour into it 4 parts of nitric acid. Moisten the
parchment with a brush, and then apply the
above liquid evenly over its surface. Lastly,
the necessary lustre may be given with white-
ofeggs or mucilage of gum arabie (Ure).

PARCHMENT PAFEE v. Cellulose.
PARICINE V. VEGETO-ALKALOrDS.
PARIGENIN and PARIGLIN v. Sausapa-

EILLA.

PARILLIN v. Glucoshies; also Sabsapa-
BILLA.

PARILLINIC ACID v. Saksapaeilla.
PARIS BLTIE. This term is occasionally

applied to Prussian blue, and also to the pro-
ducts obtained by lieating aniline with stannio
ebloride.

PARIS LAKE. Carminé lake v. Lakes.
PARIS RED. A variety of rouge employed

for polishing.
PARIS YELLOW. Normal lead chromate

V. CHKOMIOM.
PARTING. The séparation of gold and

silver by means of nitric acid, v. Assaying.
PASTES V. GeIIS, aetificial.

PASTE YELLOW v. Azo- coloueing mattees.

PATCHOULI. Patchupator Patschapat. The
herb Pogostemonpatchouli of the family Labiatœ,
a shrubby plant about two feet high, a native of
Sylhet, Penang, and Malacca. ït affords the
celebrated patchouli perfume of the Hindus.
The odoriferous parts of the plant are the leaves
and young tops whieh by distillation yield a
volatile oil from whieh essence of patchouli is
prepared. The coarsely powdered leaves are
used to perfume sachets &e. The odour is
peculiar, and, to some people, disagreeable ; but
it is much esteemed by many both in India and
Europe. 111 effects, such as loss of appetite and
sleeplessness, have been ascribed to the exces¬
sive use of the perfume.

The odour of the patchouli plant is due to
an essential oil whieh is obtained by distillation.
This oil is of great density, and when dissolved
in alcohol in the proportion of two ounces of
oil to one gallon of alcohol forms the com¬
mercial essence of patchouli. Tlie oil is one
of the least volatile of any known essential oils,
and its odour is consequently one of the most per¬
manent. It will not congeal, except at exceed-
ingly low températures, unless extraeted from
plants whieh have been gathered several years,
when more than half the product will assume
a crystalline form, whilst the perfume from it is
far less powerful.

When the essential oil is submitted to frac-
tional distillation, a peculiar blue body is formecl
at the highest température, whieh was named
by Piesse aziUene.

The camphor or stearoptene obtained from
the essential oil is purified by solution in alco¬
hol and then in ether, from whieh it crystallises
in hexagonal prisms. It melts at 55°-56°C.,
boils at 206°, and has a vapour-density of 8'00.
Heated with zinc chioride, it loses water, and
leaves a hydro-carbon C15H21 or C,sHm (?).

PATCHOULI CAMPHOE v. Cahphoes.
PATENT FUEL v. Fuel ; also Piich.
PATENT LEATHER VASNISH v. Vabnish.
PATEEAITE v. Molybdenum.
PATINA. The green film whieh forms npon

bronze and copper mouldings, and consisting of
basic copper carbonate. On bronze statues it
produces a pleasing effeet owing to its colour,
smoothness, and transparency, so that the
bronze itself may he seen through it in places.
The conditions whieh favour the formation of
patina are a pure atmosphère, the presence of
moisture in the air or in the earth where the
articles may have lain buried, and a smooth
surface. The finest examples of patina are
found upon bronzes of ancient manufacture in
whieh much tin and little zinc was used as alloy.
The effect of a natural, and consequently slowly
formed, coating of patina is frequently imitated
artificially by wetting articles of bronze with
dilute acids.

PATRINITE. Bismuth sulpliide v. Bisiiuth.
PAULLINITANNIC ACID 'v. Guabana.
PAVIIN v. Hoese chestnut.

PAYTINE v. Vegeto-alkaloids.
PEACH WOOD v. Beazel wood.

PEACOCK-COPPER OEE. An iridescent

copper pyrites produced by partial décomposi¬
tion of the yellow ofie Cu2S.Fe2S3.

PEA IRON OEE v. Ibon.

IRIS - LILLIAD - Université Lille 1



124 PEARLS.

PEARLS. Calcareous concrétions forrned
by various molluscs, those used in jewellery
being mostly obtained from the large pearl
oyster, Avicula (Meleagrina) margaritifera, or
from the smaller M. fucata. The analysis of
several line white pearls by Dr. G. Harley gave
calcium carbonate, 91*72 ; organic matter, 5*1)4 ;
water, 2*23 (Pr. 43, 18S8, 401). Most pearls
présent a concentric structure, having been
formel by successive deposits around a nucleus,
which may be a grain of sand, aparasitic organ-
ism, a fragment of seaweed, or some other
foreign body which by irritating the mollusc
stimulâtes the sécrétion of nacre. The pearls
are usually found in the mantle, but sometimes
in the muscles of the mollusc ; or, having es-
caped from the tissues, they may become adhè¬
rent to the shell. To be valued by the jeweller,
the pearl shoukl be of spherical' form, while its
skin or outer coat should display the delicate
iridescent sheen known as the ' orient.' Pearls
of more or less hemispherical shape, eut from
the shell, are termed boutons ; while those which
are warty or irregular in form pass under the
name of baroque. Occasionaliy the pearl is
found completely embedded in the mother-of-
pearl. Some pearls, instead of showing a con¬
centric structure, are crystalliiie, being composed
of striated prisms radiating from the centre, and
these may 01* may not possess a nucleus (Harley,
Pr. 45, 1889, 612).

The principal pearl fislieries are those of
Torres Straits and North-Western Australia, the
Sooloo Archipelago, Ceylon, and the coast of
Madras, the Persian Gulf, and the Gambier and
Pomotou Islands. The American fisheries are

chiefiy in the Caribbean Sea, off the coast of
California, and near Panama. The pearls are
mostly derived from Meleagrina Californica
(IV. H. Dali, Americ. Nat. 17, 1883, 579, 731 ;
E. W. Streeter, Pearls and Pearling Life, Lon-
don, 1886).

Coloured pearls are occasionaliy found, the
tint in each case being dépendent on that of
the nacre lining the shell. The highly-prized
black pearls are obtained chiefly from Mexico,
and it has been suggested that the colour is due
to the presence in the water of salts of silver,
derived from neighbouring silver mines. Pearls
have been artificially stained by means of silver
salts. Pink pearls, sometimes finely water-lined,
are mostly derived from the conch shell Strcnn-
bus gigas ; while large, coarse, yellowish pearls
are obtained from the great clam, Tridacna
gigas.

The principal source of fresh-water pearls
is the pearl-mussel (Unio margaritifera), a mol¬
lusc widely distributed in the rivers of nortlrern
temperate régions. It is found in the Tay,
Forth, Earn, Doon, and many other mountain
streams in Scotland. Scottish pearl-fishing was
rèvived in 1860, and successfully carried on for
some vears by M. Unger. The pearl-mussel is
also found in Cumberland ; in Wales, especially
in the Conway ; and in Ireland. On the Conti¬
nent pearl-fishing has been prosecuted in Saxony,
Bohemia, and Bavaria ; and in Norway, Sweden,
and even Lapland. The American rivers also
yield pearl-bearing molluscs, especially in New
England, New Jersey, and Ohio ; and in Canada
(G. F. Iiunz, Gems of N. America, New York,

1890). Fresh-water pearls are likewise oblait;
from China and Japan, and the Chinese erhit.;
much skill in inducing the formation of pearli-
the artifieial introduction of certain objectvjv
which the mollusc deposits a nacreous fc
Chinese shells with images of Buddka fore.-;
of pearl adhèrent to the inner surface arc--
known to collectors (Macgowan, Journ. &
Arts, *2, 1853, 72).

The so-called cocoa-nut pearls, from tk
Malay Archipelago, are pearl-like bodies, n.
sembling ivory, said to be found inside w»
nuts. Certain bodies which have been 4
scribed as mammalian pearls are simply biliair
concrétions, formée! mainly of cholesterin,

Artifieial pearls are manufactured on tk
Continent in a variety of ways. Some m
globes of tliin opaline glass, filled with gum ci

wax, and deadened on the surface by means t!
hydrofluoric acid. The better kinds are glis
globules lined with a nacreous composibon,
formed by digesting the silvery scales of tk
bieak in ammouia. Roman pearls are glia
spheres, to which the nacreous material is u
plied externally. Celluloid, incorporated tviis
fish scales, has become a favourite material fe
artifieial pearls. Black pearls have been it:
tated by beads of a very compact hématite,
which may be polished so as to présent a foi
of plumbago-lustre. Pink pearls are fréquent!;
confounded with beads of pale eoral (v. Moisit
OÏ-P-eakl). ■ F. IV. B.

PEARL ASH. A variety of potassium a
bonate, v. Potassium.

PEARL SINI ER. A kincl of opal found in
the cavities of volcanic tufa.

PEARL SPAR v. Dolomite.
PEARL STONE. A felspathic minerai lia

a pearly lustre occurring in spheroidal contre
tions.

PEARL WHITE is (1) a basic bismuth ni¬
trate or oxychloi'ide (v. Bismuth) ; (2) a prépare
tion of mother-of-pearl.

PEAT and TURF v. Fuel.
PELARGONIC ACID v. Fatty acids.

PELLETIERINE v. Vegeto-alkaloim,
PELLITORY RESIN v. Resixs.

PENNETTIER'S GREEN. Hydratei ch
mium sesquioxide v. Chkomiem.

PENTADECATOIC ACIDS v. Fatty acids.

PENTOIC or VALERIC ACIDS v. Paru
acids.

PEPPER. The pepper of commerce is lie
dried fruit of Piper nigrum, cultivated in tk
East and West Indies, Java, Sumatra, &c. lie
pepper vine under cultivation is kept ataheipk
of about 12 feet, although it reaches 20 feet or
more if left to grow. Its fruit appears nfH
three years, and the plant remains proùucti»
for seven 01* eight years more. The berries 01
drupes are gathered before they are fully lie
and spread out to dry, whereupon they becoret
black and shrivelled instead of red as before.
This is black pepper. White pepper is the Btœ
fruit decorticated, its whiteness being somet»
increased by bleaching with clilorine. In regn-
to value, the heavier the sample of pepper tk
more it is esteemed by the merchant.

Examined under the microscope, a sectionc
peppercorn exhibits six layers of distinct ch;
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racter—namely (1) a layer of large elongated
cells ; (2) a layer of small angular cells ; (3) a
layer of woody fibre and spiral vessels ; (4) a
layer of large round cells ; (5) a layer of coloured
cells; (6) a layer of colourless cells. In its
ground state, the cellular structure varies some-
what in différent kinds, and the récognition of
its forais is a matter requiring considérable ex¬
périence. For the most part the cells have
sliarp acute angles, and the starch granules are
very small and quite round.

Black pepper is stimulant, carminative, and

rubefacient. It is useful in modération as a
condiment to persons "who sufïer from weak
digestion; but in inflammatory habits or in
affections of the mucous membrane it is gene-
rally highly injurious. As a medicine it is often
serviceable in nausea, vomiting, chronic diarrhœa,
and agues.

The following table, taking into account the
amount of moisture, piperine, resinous extract,
and ash, shows the resuit of six samples of pure
pepper from various sources, and of long pepper
(Ohavica officinarum) :—

—

Hygroscopic
inoisture

Piperin in
pepper dried

at 100°

Resin in
pepper dried

at 100"

Aqueous extract
in pepper dried

at 100°

Ash in pepper dried at 100°

Soluble in water Total

p.c. p.c. p.c. p.o.

Penang . 9-53 5-57 2-08 18-33 2-21 4-18

Tellicherry 12-90 4-675 1-70 16-5 3-38 5-77
Sumatra . 10-10 4-702 1-74 17-59 2-62 4-31
Malabar . 10-54 4-632 1-74 20-37 3-45 5-19

Trang 11-66 4-600 1-70 18-17 2-53 4-77
M'hite pepper (com-

l mercial) 10-30 5-600 2-05 — 0-56 1-12

Long pepper .
— 1-800 0-80 16-82 4-47 8-30

A sample of Penang pepper, analysed by
A. Wynter Blyth, showed the following compo¬
sition :

Genekai. Composition of Peppek.
Volatile oil . . . .

Acrid resin ....

Piperin
Substances soluble in water,

gum, starch, and other mat-
ters, subtracting ash

Substances insoluble in alcohol
and in water....

Water

lôfrôô
The ash of Tellicherry pepper gave :
Potash ....
Soda ....

1-04
1-77
5-17

14-74

67-75
9-53

Magnesia
Lime
Iron
Phosphoric acid
Sulphuric acid
Chlorine .

Carbonic acid .

Sand

24-380
3-226

13-000
11-000

0-300
8-470
9-613
7-570

14-000
6-530

Pepper contains an alkaloid (piperine) ; a
biown alkaline fiuid (piperidine) ; a volatile oil ;
and gum, starch, vegetable albumen, salts, and
other substances.

Pepper is frequently adulterated. The adul¬
térants detected are flour and sago starches, lin-
seed meal, rice, potato, capsicum, olive stones,
pepper refuse, the fruit of Cliavica officinarum
and C. Boxburghii or long pepper, sand, &c.
The détection of adultération is for the most
part effected by means of the microscope ; the
quantitative détermination is not easy because
the relative amounts of the constituents of
geuuine pepper vary. Thus the quantity of
piperine extends within rather wide limits, as
also does the quantity of starch. Adultération
by the addition of ground olive stones and pepper
refuse is the subject of a paper by H. Rabourdin

(J. Ph. [5] 9, 289). The charaeter of the adul¬
térant being detected by the microscope, the
pepper is boiled vith its ownweight of sulphuric
acid and 100 times its weight of water. The
presence of olive stone is shown by the reddish
powder which settles to the bottom of the flask
on standing (A. Wynter Blyth, Foods, their
Composition and Analysis ; Chevallier, Ann.
d'Hygiène ; Cooley's Dict. of Practical Receipts ;
An. vol. 13, 81-87).

Cayenne pepper is the powdered pods of
Capsicum annuum, nat. ôrd. Solanacées. It pos-
sesses a very strong acrid principle, which is
still more developed on heating the particles.
The following analysis by Stromer shows the
général constitution of cayenne pepper :

Seeds Capsules Wliole fruit

Water at 100°C . 8-12 14-75 11-94
Nitrogenous matter

(protein) . 18-31 10-69 13-88
Fat (ether extract) 28-54 5-48 15-26
Non - nitrogenous

extractives 24-33 38-73 32-63
Fibre . 17-50 23-73 24-09
Ash 3-20 6-62 5-20

100-00 100-00 100-00

Nitrogen 2-93 1-71 2-22

The acrid principle was separated by Thresh
(Ph. [3] 309, 941 ; [3] 315, 21 ; [3] 326, 259 ;
[3] 7, 473), and named by him capsaicin
C9H„05. It is in the form of minute crystals,
melting at 55-5°C., volatilises unchanged at 115°,
and at 120° becomes brownish-black. It may
be obtained by exhausting cayenne by petroleum,
evaporating the petroleum, and treating the ex¬
tract by dilute solutions of potash. On now
saturating the solution with carbonic anhydride,
it is precipitated in very small crystals. Its
sp.gr. is 1-060. It would appear that capsaicin
is not contained in the substance of the seed,
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for, if the pericarp is carefully separated, the
seeds are entirely devoid of acrid taste.

PEPPJ3R OIL V. olls, essential.
PEPPER RESIH v. Resin.
PEPPERMINT. The Mentha piperita of

Europe and America ; M. arvensis of Japan. Ex-
tensively grown for the sake of its volatile oil,
which is procured by distilling its leaves. The
oil and the préparations made trom it are used
as aromatics, carminatives, and stimulants, and
are useful in medicine for griping pains. It is
also employed in the form of mint-eamphor, or
menthol, for outward application in affections
of the nerves.

Oil of peppermint amounts on the average to
0-8 of the total plant used. The crystals of pep¬
permint camphor are obtained from the distillate
by cooling ; the oil having been drained olï, the
process is repeated, when a tolerably pure oil is
secured. After a third répétition no crystallisa-
tion takes place.

Menthol, or peppermint-camphor, in its com¬
mercial state is a white crystallised mass, melt-
ing at about 35°C. and boiling at 210°C. When
purified by distillation the melting-point is
raised to 42°C. and the boiling-point to 212°.

Menthone Ci3H10O is a colourless mobile
liquid, neutral to test papers, soluble in almost
ail proportions in alcohol, chloroform, benzene,
and carbon disulphide, but insoluble in cvater.
It stands to menthol in a similar relation to that
in which camphor stands to borneol, as is shown
by the fact that menthol can be reprodueed from
its ketone ClaH10O by a reaction similar to that
by which borneol is produced from camphor.

Menthene C,„H10 is a colourless liquid of an
agreeable odour, moderately soluble in ether or
alcohol, more so in benzene, turpentine, and
petroleum. It may be prepared by heating
menthol with zinc ehloride. See J. Moss (Ph.
[3] 5, 506) ; J. Mackay (Ph. [3] 5, 825) ; Beckett
and Wright (C. J. 1, 1, 1876) ; M. Moriya (C. J.
39, 79, 1881) ; Atkinson and Yoshida (C. J. 41,
49, 1882) (u. Peppermint camphor, art.
Camphoks).

PEPPERMINT CAMPHOR v. Camphoks.
PEPPERMINT OIL v, Oms, essentiau.
PEPSIN. Pepsinum; Pepsine (Fr.) ; Pepsin

(Ger.). Pepsin is a ferment, existing in the acid
sécrétion of the mucous membrane of the sto-
mach or gastric juiee. It possesses the property,
in presenee of dilute acid, and, within certain
limits of température, of converting albuminous
food into soluble assimilable peptone. Schwann
(Miiller's Arch. 1836) made the ffirst attempt to
préparé the ferment in a form available for
supplying artificial digestion in cases where the
natural function was imperfectly performed. To
obtain a good product and to preserve it requires
great câre and skill. The animais generally
selected are the hog, sheep, and ealf, and the
préparation usually employed is simply the dried
mucous membrane of the stomach. Détails of
préparation are given by Beale (N. 3, 207 ; Med.
T. Gaz. 1872, 1, 152), Wasmann (Lehm. Phys.
Chem. 2, 40), Briieke (Sitz. B. 43, 601), Schmidt
(A. 61,22), Liebreich (Practitioner, March 1877),
Petit (J. Ph. [5] 2, 85), Chapoteaut (C. B. 95,
140), Maly (J. pr. [2] 11, 104), Wittick (J. 1870,
894), Meissner (Z. Rat. Med. 7, 1; 8, 280 ; 10, 1;
12, 46 ; 14, 78 and 303), Sundberg (H. 9, 319) ;

also Foster (N. 3, 168), Scheffer (Am. J. Pharm.
42, 98 ; 43, 3 ; Ph. [3] 1, 666 ; 2, 761 and 783),
Selldon (Ph. [3] 4, 89), Long (Med. Press. Cir.8,
300), Kinkead (Lancet, 1870, 2, 067), Farr (Hei
T. Gaz. 1871, 1, 302), Hennard (J. 1874,941),
Zwick (Am. J. Pharm. 43, 261), Audouard (Yeat-
Book Pharm. 1878, 343).

Pepsin of commerce varies mueh in activity
(Tuson, Lancet, 1870, 2, 212; Grierson, Year-
Book Pharm. 1887, 263). 2 grains addedton
ounce of water acidified with 5 minims of liydro-
chloric acid (sp.gr. 1T6), should forrn amisturs
in which at least 100 grains of fiuely-divided
hard-boiled white of egg will dissolve on being
well mixed and stirred for about 30 minutes si

54°. This method of testing, which is adopte!
by the Pharmacopœia, is the outcome of nu-
inerous investigations as to the effect of différent
températures and différent forms of albumen,
together with the sélection of an aeid an!
détermination of its appropriate strength. Com¬
pare Petit (J. Ph. [5] 1, 82 ; 2, 85), Benger (Ph.
[3] 12, 270 and 415), Griitzner (Fr. 1874,106),
Vigier (J. Ph. [5] 9, 398 ; 9, 461 ; 10,17), Marer
(M. S. [3] 13,842), Schiitz (H. 9, 577), Schlickum
(Year-Book Pharm. 1886, 96). A. S.

PEPTONE S v. Albumxnoids.

PERFUMES, as applied to the business ol
the perfumer, consist in odoriferous bodies or
extracts,>of animal or vegetable origin, or ot
chemicajly-prepared imitations of tkem. Among
animal njatters are ambergris and the sécrétions
of the civet cat and musk deer. Vegetable pro-
ducts may be either such resinous gums or
'balsams as benzoin, camphor, myrrh, and opo-
ponax, pr the active odorous principle of barts,
leaves, and fiowers ; the chemical bodies em-

ployedAeing e.g. coumarin, or coumario anhy¬
dride, nitro-benzol, or false almond, andmethyl-
protoçatechuie aldehyde, or vanillin. For the
most part the essences of plants are obtained by
distillation and expression, but these means are
inapplicable to certain fiowers, on tbe ground
that thev êithfer do not yield their perfume to
these ' proçesses at ail or yield them in such
small quantity as to be praetically useless. In
this case either enfleurage or macération is re-
sorted to. Both of these are processes which
rely on the peculiar capacity which oily matter
exhibits in the extraction and rétention of odours.
Enfleurage is practised by laying on trays of
grease the fiowers whose perfume is desired, re-
newing the supply as they are deprived of their
essence until the pomade lias acquired theneces-
sary degree of fragrance. Macération is resorted
to in the case of some fiowers which yield their
scent more readily when treated with heated fat.
From the pomade made by either of these
methods the perfume can be extracted by reoti-
fied spirit of wine containing 95 p.c. of alcohol
( = 60° over proof)* The essences so obtained
may then be employed by the perfumer either
singly or in such combinations as his expé¬
rience or inveutiveness suggest, of which tro
examples will sufliee :—

Lavender Water :

Oil of English lavender . . 8 oz.
Rose water . . . .1 pint
Rectified spirit, 60° o.p. . . 8 pints

Distil to 8 pints.
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Eau de Cologne :
Oil of Neroli orange . . 7 oz.
Essential oil of rosemary . 3 „

„ „ orange zest . 16 „

„ „ bergamot . 3 „

Eeotified spirit, 60° o.p-. . 10 galls.
(See The Art of Perfumery, G. W. S. Piesse,

Perfumery, in Ency. Brit. and Ure's Diot.)
PERICLINE v. FELsrAR.
PERISTERITE v. Felspab.
PERMANGANATES v. Manganèse.
PERNAMBTICO WOOD v. bbazrl wood.
PEROFKITE v. Titanium.
PERSEITE C,HibO, (Maquenne), a saccharine

substance found in the leaves, fruit,andespecially
in the seeds of Laurus Persea. Discovered by
Avequin in 1831 and confounded with mannite,
irom which it is distinguished by its higher melt-
ing-point, its crystalline form, and its laek of rota-
tory power. It is distinguished from dulcite,
which fuses at the same température, by the
fact that it becomes dextrorotatory on the
addition of borax to its aqueous solution. To
obtain perseite, the bruisecl seeds are extracted
by water at 60° and the liquid mixed with basic
lead acetate, filtered, the solution treated with
sulphuretted hydrogen and after filtration eva-
porated to a syrup. On adding methyl alcohol,
perseite crystallises out rapidly and may be ob-
tained pure by recrystallisation from water con-
taining methyl alcohol. Perseite fuses at 188°,
is readily soluble in warm water, sparingly
soluble in cold water. Insoluble in absolute
alcohol. Optically inaetive, but in presence of
borax its aqueous solution becomes strongly
dextrorotatory. It forms a heptacetate

CIHb(C2HS02)„
a heptabutyrate C7H,(C4H702)7 and a hepta-
nitrate C7H9(N03)7. Treated with hydriodic acid
it yields heptine C7H]2 identical with that eon-
tained in resin-spirit (Morris, C. J. 41, 174).

Perseite appears to be an oxymethyl mannite.
It is without action on cupropotassium tartrate
or on plienylhydrazine, and is unchanged by
boiling with dilute acids. Is a heptavalent
alcohol, the first known term of the higher
homologues of ordinary mannite (Miintz a.
Marcano, A. Ch. [6] 3, 279 ; Maquenne, A. Ch.
[6] 19, 5).

PERSIAN-BERRIES. This dye-stuff is the
dried unripe fruit of various species of Bhamnus,
growingwild.orcultivated in Persia, the Levant,
and various countries of Southern Europe.

The Persian-berry proper, obtained from
Rhamnus amygdalinus, B. oleoïdes, and B.
saxatilis, &a., is imported from Smyrna and
Aleppo. Its size is about that of a pea, colour
yellowish-green, surface much shrivelled, hard,
and divisible along well-marked dépressions
forming a cross, into four parts, each containing
a triangular seed ; its taste is intensely bitter.

Avignon or French-berries, the product of
R. infectorius and B. alaternus, &o., are smaller
qj size than the foregoing, and contain only two
seeds.

Spanish, Italian, and Hungarian-berries are
respectively the products of B. saxatilis, B. in¬
fectorius, and B. cathartica. They are similar
in appearance and quality to the Avignon-ber-
ries. Other qualities corne from the Morea,
Wallachia, and Bessarabia.

The true Persian-berries are the most highly
esteemed, being richest in eolouring matter,
which résides chiefly in the outer portion. The
best qualities are such as have been gathered in
an unripe condition, and have a yellowish-green
colour ; if too yellow, however, they are inferior,
having been gathered in a riper condition;
while if brown or black they are poor and
worthless, being either over-ripe, or injured by
damp during long storage.

The greenish-yellow aqueous décoction of
Persian-berries soon becomes mouldy on the sur¬
face by standing, fermentation takes place, the
liquid becomes ropy, an insoluble yellow preci-
pitate is gradually formed, and the solution
contains sugar. A similar change soon occurs
if Persian-berries are merely steeped in tepid
water, and after some time a bright yellow in¬
soluble powder appears in the liquid.

Much of the earlier chemical history of
Persian-berries is unsatisfactory, conflicting
statements are made by the différent investi-
gators, various liâmes are assigned to eolouring
principles manifestly identical, and so on. The
général resuit of the researches made up to the
présent, however, is to establish the fact that
Persian-berries contain essentially two eolouring
principles ; one a glucoside, Xanthorhamnin,
very soluble in water and insoluble in ether, and
in itself not a dye-stuff ; the other, Bhamnetin,
representing the trUe eolouring matter, is almost
insoluble in water, and is produced along with
sugar from the former by the influence of fer¬
mentation, or of boiling dilute minerai acids.
Tliere seem to be évidences also of a peculiar
ferment présent in the berries specially adapted
for effecting the décomposition alluded to.

Xanthorhamnin is prepared, aeeording to
Liebermann and Hôrmann, by boiling for 8-10
hours, powdered Persian-berries with three times
their weight of 85 p.c. alcohol. On standing
twenty-four hours, the dark-brown filtered solu¬
tion deposits a large quantity of the impure
glucoside as a brown resinous mass, together
with a little free eolouring matter. After pour-
ing off the clear solution, it is allowed to stand
several days in a cold place, when purer xantho¬
rhamnin separates in the form of pale-yellow
eauliflower-like semierystalline masses, and in
such quantity as to congeal the whole liquid
to a stiff paste. The total yield of glucoside
is about 12-13 p.c. By repeated crystallising
from alcohol, and finally from alcohol contain¬
ing a little water and ether, it may be obtained
in distinct crystalline needles. From an aqueous
solution it does not erystallise.

Xanthorhamnin is very soluble in water, also
in warm alcohol, but is insoluble in ether, benz-
ene, and chloroform. It should be rapidly dried
over sulphuric acid in vacuum, and not by heat,
since when moist it melts at a low température,
and aequires a brown colour ; but when once dry
it may be heated to 130°C. without injury. Its
formula, aeeording to Liebermann and Hôrmann,
is CjhHjdOjj. When dried at the ordinary tem¬
pérature it contains 2 mois, alcohol of erystalli-
sation, which it only loses by heating for some
time to 130°C. It reduees Fehling's liquid, also
an ammoniacal silver nitrate solution.

Xanthorhamnin possesses the character of an
acid or phenolic body. Its aqueous solution
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when nrixed with lead aoetate is not preoipitated,
but merely acquires an orange colour, but on the
addition of ammonia (i.e. on production of basic
lead acetate) it at once gives an orange-coloured
precipitate. In caustic alkalis it readily dis¬
solves, with a yellow colonr. On mixing its
alcobolic solution with a slight excess ot al-
coholie potash a thick yellow precipitate of
the potassium compound of xanthorhamnin
(C4sHd2OalK4) is thrown down.

Xanthorhamnin, first obtained in a crystal-
line condition by Gellatly in 1858, is essentialiy
the same as the rhamnegin of Lefort, and of
Schiitzenberger and Bertèche. The latterauthors
distinguish an a and /3 compound, differingfrom
eaeh other by their solubility in alcohol, and
yielding two differently-soluble rhamnetins
(a and j3), but their existence is by no means
sufficiently established.

According to Schiitzenberger, twelve acetyl
groups may be introduced into xanthorhamnin
by heating it with acetic anhydride. By fusing
it with caustic potash, also by treatment with
sodium amalgam, it yields phloroglucin and
protocatechuic acid. In the former case there is
also produced an acid body, which gives an in¬
tense red colouration with alkalis, and similar
therefore to the quercetic acid obtained in like
rnanner from quercetin (Smorawski).

Rhamnetin. Boiling dilute acetic acid does
not décomposé xanthorhamnin, and it may even
be dissolved unchanged in hot glacial acetic acid,
but if its aqueous solution is even only gently
heated in the water-bath with dilute sulphuric
acid it is decomposed, and the solution soon be-
comes turbid through the séparation of the
colouring matter, rhamnetin, in the form of
bright lemon-yellow microscopic needles. The
filtered solution contains the sugar termed iso-
dulcite. The change effected, according to Lie-
bermann and Hôrmann, may be represented
thus :

C49H6a0M + 5H20 = 2C,2H]0O5 + 4CdH]406.
After filtering off the rhamnetin, it is washed
with warm water till free from acid, and dried.

Rhamnetin is little soluble even in boiling
alcohol, and, indeed in ail the ordinary solvents.
From phénol, however, it may be crystallised in
the form of pale-yellow needles. In caustic
potash and soda it readily dissolves with an
orange-yellow colour, in ammonia it is less
soluble with a yellow colour. In alkaline car¬
bonates it is little soluble, especially in the cold.
Its alcoholic solution gives with tin and alum
solutions a yellow precipitate, with copper acet¬
ate a reddish-brown precipitate, and with lead
acetate an orange precipitate.

Ehamnetin appears to be essentialiy iden-
tical with Fleury and Lefort's rhamnin, and
with Kane's chrysorhamnin. Bolley's opinion
that rhamnetin is identical with quercetin is
undoubtedly erroneous, although there is evi-
dently a close relationship existing between these
two colouring matters. According to Herzig,
rhamnetin is a dimethyl-quercetin. This view
is supported by the facts that the highest methyl
derivatives obtainable from rhamnetin and from

quercetin are identical with each other, and
that rhamnetin when heated with hydriodic
acid yields methyl-iodide and quercetin. Herzig
considers that Liebermann and Hôrmann's for¬

mula for rhamnetin should be doubled, bccause
of the amounts of phloroglucin and protocate.
chuic acid it yields on décomposition.

Diacetyl-rhamnetin C12Hs0a(C2H30)2 is ob.
tained by heating rhamnetin with dehydrated
sodium acetate and acetic anhydride. It cris¬
tallises from alcohol containing one-tenth glacial
acetic acid, in the form of colourless siliy
needles, m.p. 183-185°C. Herzig considers this
substance to be a hexacetyl derivative of the
formula C24H10Ola(C2H2O)6.

Dipropionyl-rhamnetin C12H80S(C:JH50)! is
obtained in a similar manner as very pale-yellow
needles, m.p. 158-162°C.

Dibenzoyl-rhamnetin C,.2H803(C;H.0)2 is ob¬
tained by treating rhamnetin (1 part) with henz-
oïc anhydride (4 parts) in a sealed tube for
some time at 150°C. It crystallises from glacial
acetic acid in the form of colourless sillty
needles, m.p. 210-212°C.

Dibrom-rhamnetin C1,HflBr205, crystaUSjffl
from alcohol in yellow needles, is obtained by
the action in the cold, of 2 mois, bromine upoa
1 mol. rhamnetin suspended in glacial acetic
acid. It dyes alumina- or tin-mordanted cotton
yellow colours which are more orange iu tint
than those yielded by rhamnetin.

Dibrom-diacetyl-rhamneùn
C,2H6Br205(C2H30)2

is obtained by heating pure dibrom-rhamnetii
with acetic anhydride and dehydrated sodium
acetate. It crystallises from alcohol in colour¬
less lustrous needles.

Dimethyl-rhamnetin C,2HsO,,(CH.,)2 is ob¬
tained by heating in sealed tube for 10 hours at
120-130°C. xanthorhamnin-potassium with an
excess of dehydrated methyl-potassium-sulphate
and a little absolute metkyl-alcohol. That por¬
tion of the product which is insoluble in water
crystallises from alcohol in the form of pale-
yellow, ahnost colourless, needles, m.p. 156-
157°C.

Rhamnose (Isodulcite) (C„H12O5 + H.,0), pro-
visionally termed rhamnodulcite by Liebermann
and Hôrmann, is identical with that obtained
from quercitrin. It is prepared by heating
xanthorhamnin with dilute sulphuric acid,
filtering off the preoipitated rhamnetin, ncu-
tralising the acid filtrate with pure barium car¬
bonate, and evaporating the filtrate from the
barium sulphateproduced,to a syrupy consistency,
The hot syrup is gradually diluted with absolute
alcohol as long as a yellow slimy flocculent pre¬
cipitate is formed ; this is filtered off, and the
solution then yields, on standing, hard, colour¬
less, lustrous crystals of isodulcite. It is readily
soluble in water, also in absolute alcohol.
When pure it crystallises with great facility
from water. Heated in a capillary tuhe it
softens at 89°C., and melts at 92°-93°C. When
very slowly heated in an air-bath it melts
even at 70°C. or lower. At 100°-105°C. it loses
1 mol. H,0, and yields the anhydride CjH^Oj.
It rotâtes a poiarised ray sliglitly to the right.
It reduces Fehling's liquid in the same manner
as glucose. Impure isodulcite may be fermented
by means of yeast, but. not when it is pure.
Treated with nitric acid it yields oxalie acid and
a crystalline acid CcH10O9. According to Herzig,
isodulcite contains the methyl group, sincewhen
oxidised with silver oxide it yields acetic acid or
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acetic aldéhyde, according to the amounts o£
silver oxide employed.

Application.—Persian-berries are chiefly used
by calico-printers for the production of bright
steam-yellows and oranges, and also greens. For
a steam-yellow, alum is added to a freshly-made
décoction of the berries, and the mixture is
thickened with starch or gum. A small quantity
of precipitated stannous hydrate is then added.
For a steam-orange the mordant employed is
stannous chloride, with the addition of sodium
acetate, in order to form stannous acetate, and
thus to enable one to add the requisite amount
of mordant without tendering the cotton cluring
steaming. The further addition of a small
quantity of stannous hydrate may he made.
The ingrédients of steam-green are : Persian-
berry décoction, stannous chloride, alum, acetic
acid, potassium ferrocyanide, and sulphuric or
oxalic acid, the whole being thickened with gum.
Ail these colours are developed by steaming the
printed fabric and finally washing. The steam-
yellow and orange made entirely with tin mor¬
dant bear moderate soaping very well.

For wool and silk printing, colours similar to
the above are employed.

Persian-berry carminé is a bright orange-
yellow tin lake, also used by the calico-printer.
It is thickened with albumen, and fixed by
steaming.

In dyeing, Persian-berries are seldom em¬
ployed, chiefly, perhaps, because of their com-
paratively higli eost, but also because of the
more fugitive eharacter of the bright orange and
yellow which they yield with tin and alum mor¬
dants, and for which they are chiefly valuable.
The analogous colours from quercitron bark are
faster to light. On wool, the olives obtained with
Persian-berries, copper and iron mordants, are
fast to light. Those obtained with chromium
mordant are not quite so fast.

Literature.—Fleury, J. Ph. 26, 226 ; 27, 666;
Kane, P. M. 3, 23, 3 ; Persoz, Traité de l'im¬
pression des tissus, 1, 547 ; Ortlieb, Bull. Mulh.
30,16 ; Gellatly, Edin. New. Phil. Journ. 7, 252 ;
Bolley, A. 115, 55 ; Schiitzenberger and Bertèehe,
Bull. Mulh. 35, 455 ; A. 15, 118 ; Stein, J. pr.
85, 351 ; 106, 5 ; Lefort, C. R. 63, 840, 1082 ;
Liebermann and Hôrmann, A. 196, 299, 307 ;
B. 11, 952, 1618 ; Smorawsky, B. 12, 1595;
Hlasiwetz, A. 112, 107 ; Herzig, Wiener Monats-
hefte f. Chem. 6, 889 ; 8, 227 ; 9, 548 ; B. 19,
207, 28c. ; Fischer, B. 20, 1091 ; Berend, B. 11,
1353 ; Will, B. 20, 1186 ; Liebermann, B. 18,
3414 ; Ward & Dunlop, Ann. of Botany, 1889.
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PETROLEUM.
American petroleum.

I. Occurrence.

We find in nature three closely related raw
materials—natural gas, liquid petroleum, and
ozokerite, or natural paraffin. In America ail
three occur in this association, and the former
two have assumed great commercial and tech-
nical importance. In this article we confine our
attention to the suhject of erude petroleum. The
producing fields of America may be grouped under
sevenheads—(a) Pennsylvania and New York, (b)
West Virginia, (c) Ohio, (d) Kentuclcy, Tennessee,
&c., (e) Colorado, (/) California, and (g) Canada.

Pennsylvania and Neiv York field. This,
the first discovered and worked, is still by far
the most productive, and furnishes over 90 per
cent, of the total annual yield. It covers about
370 square miles, and stretches. south-westerly
from Alleghany Co., N.Y., to Beaver Co., Pa., on
the Ohio river, the development eentring about
Bradford, in McKean Co., Pa. Beginning at the
north, this belt includes what are known as the
Alleghany district, Bradford district, Warren and
Forest district, Venango district, Butler district,
Beaver district, and the Washington district. It
had produeed up to the end of 1888 346,797,111
barrels (of 42 gais. American) of crude oil. While
the oils found in this field may differ considerably
in gravity, colour, and undoubtedly in minor
chemical characters, ranging from the black oil
of Pleasantville to the amber oil of Washington,
the différences are not sufficiently fundamental to
require différent refining treatment, and the oils
are gathered by the pipe-lines into two or three
groups, sueh as Bradford, Middle district, and
Washington crudes, which are then refined.
None of these Pennsylvania and New York oils
contains any appréciable amount o£ sulphur or
other impurity which would require spécial
modification of the refining proeess.

West Virginia field. The production of this
field had been for a number of years limited to
a heavy oil, which, however, commanded an
excellent price as a natural lubricating oil of
value. The production was chiefly along the
Little Kanawha and Hughes rivers, and. the
numerous creeks which, like them, are tributary
to the Ohio river, and is included in the four
counties of Pleasants, Richie, Wirt, and Wood.
Within the last two or three years, however,
lighter oils as well as gas have been obtained in
the counties bordering on the Pennsylvania
State line, and a pipe line from Morgantown in
Monongalia Co. to the sea-board at Philadelphia
has just been completed, and is now operatedby
the Standard Oil Trust.

Ohio field. At the présent time this field
ranks second in importance, coming after
the Pa. and N. Y. field. That importance
has developed since 1885, prior to which year
very little relatively had been contributed to
the annual production. Both the eastern and
the western halves of the State are at présent
producing oil, but of very différent eharacter,
and from différent geological formations. The
Maeksburg district, in the eastern part of the
State, is producing a light oil resembling the
Pa. crade from the Berea grit, while the Lima
district, in the north-western part of the State,
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is produeing a black sulphuretted oil, strongly
resembling Canadian oil, from the Trenton lime-
stone. Small quantifies of heavy oils (also from
the Berea grit) are derived in addition from the
Mecca and Grafton districts in the eastern and
northern parts of the State.

Kentucky and Tennessee, field. These States,
which have been only partially examined, are
not at présent produeing any notable quantity of
oil. A little is obtained near Glasgow, Ky.

Colorado field. The real development of this
field began in 1884-85, when a company was
organised to work wells already drilled at
Florence, and now some six companies are
operating. The production in 1888 amounted
to 297,612 barrels. The oil-bearing rock of
Colorado is, according to Professor Newberry,
the Colorado shales, the middle member of the
cretaceous group. The Colorado crude has a
gravity of about 31°Beaumé.

Galifornia field. The production of this
field ranks after that of Ohio, and is in many
respects quite différent from the others already
mentioned. It includes, on the one hand, petro-
leum of 0-844 gravity (39°B.), which, according
to Boverton Bedwood (S. C. I. 1887, p. 409),
yields 15 p.c. naphtha and 45 p.c. kerosene, and
on the other hand tar or asphaltum, of gravity
0-990 to 1T0, which latter is not distilled for
kerosene, but is utilised for street paving and
roofing purposes. The petroleum adapted for
refining cornes from Sespe, and Santa Paula in
Ventura Co., and from Puente and Pico Canon
in Los Angelos Co., and is sent to San Francisco
for refining.

Canadian field. The produeing oil belt
extends from Petrolia in the province of Ontario,
in a north-westerly direction, to the township of
Sarnia, and in a south-easterly direction to Oil
Springs and Euphemia. While the oil from
Petrolia and that from Oil Springs differ slightly
in gravity (the former being 0859 to 0-877, and
the latter 0-844 to 0-854) ail of the Canadian oil
contains sulphur, and in the crude state is very
offensive in odour. The annual production is
variously given, Boverton Bedwood (l.c.) stating
it to be about 700,000 barrels, and Jos. D. Weeks,
in ' Minerai Besources of the U.S. for 1888,'
giving it on the authority of persons connected
with the trade as 868,345 barrels in 1887 and
772,392 barrels in 1888.

II. Production and Transportation oe the

Crude Petroleum.
The oil cornes from depths which vary

within very wide limits, from the heavy oil
strata of West Va. and Ohio, which are from 50
to 60 feet deep, to the produeing strata of the
Washington Co., Pa., district, which are from
2,400 to 2,600 feet in depth. Many wells, par-
ticularly in newly-opened territory where the
original gas-pressure has not been lost, are
flowing wells,known amongoilmen as ' gushers,'
and have poured forth in exceptional cases as
high as 8,000 and even 9,000 barrels per day.
This yield, however, is never long maintained,
and déclinés rapidly until pumping becomes
necessary in order to maintain the production
of oil. The American oil wells have never even

approximated to the prolific yield of some of the
Baku oil fountains. The buik of the production

in the American fields is only obtained as the
resuit of systematic pumping. Thus the pro¬
duction of the Pennsylvania and New York field
for 1886 was 25,798,000 barrels, an average
daily production of 70,679 barrels, obtained
from 24,727 produeing wells, making the average
of production per well per day in 1886 2-86
barrels.

The oil cornes usually from well-defined
strata of conglomerate, or ' sand rocks,' which
are separated by slate or shale rock. These ' oil
sands ' occur frequently in «

groups of three, as the |
Venango first, second, and |s
third sands ; the Warren 11 §
sands; and the Bradford
sands. These sands occur

at intervais as we go
deeper, beginning with the
newest geologically, and
going down to the older
groups. It may happen,
too, that in a particular
locality the upper sand of
a group yields the oil (in
which case it is likely to
be of heavier character),
and in another locality
this sand may be barren,
while oil is yielded by a
lower one. It is rare,
however, to find an abun-
dance of oil in several
sand rocks of the same

geological group.
This article will not

allow of a detailed de¬
scription of the extremely
ingenious apparatus now
used in boring the Ameri¬
can oil-wells, and in fitting
them for the production
of oil. The accompanying
illustration gives a see-
tional view of the drilling
of sueh a well, and the
several strata penetrated
(Crew on Petroleum, p.
192).

' Torpedoes,' or charges
of nitro-glycerine, have
been largely used in the
Pennsylvania and the Ca¬
nadian fields in order to
shatter the oil-sand and
open up communication
with new portions of the
spongy and oil-saturated
stratum. The charge in
the former locality often
rises to 80 or even 100
quarts of nitroglycérine,
and in the Canadian field
to the tenth part of this
amount. The main torpédo
use of a miniature torpédo or
run down in contact with the other,
fired by dropping a weight upon it.

The transportation of crude oil from the
wells, which are often in isolated positions, to
centrally located storage tanks, and from tlie

Fia. 1.

is fired by the
squib,' which is

and then
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points of production to the refineries, is now
effected almost exclusively by means of pipe¬
lines. And as it was found more convenient to
locate the great refineries on the Atlantic sea-
board, or in large manufacturing centres, the
pipe-lines were in time extended so that New
York, Philadelphia, Baltimore, Pittsburg, Cleve-
land, and Buffalo are ail connected now with the
oil-producing régions of Pennsylvania and New
York by long lines of pipe. These great trunk
lines, 0 inclies in diameter, thus traverse nearly
the whole length of the two great States of New
York and Pennsylvania, and deliver thousands
of barrels of oil daily to refineries on the route
and at tkeir différent termini on the seaboard.
The six great lines referred to as running to the
main refining centres are owned by the National
Transit Company, an organisation closely con¬
nected with the Standard Oil Trust. The New
York division consists of two 6-inch pipe-lines,
extending from Olean, N.Y., to Bayonne, N.J.,
and Hunter's Point, N.X., 312-6 miles in
length, with 11 pumping stations for this dis¬
tance, and lias a capacity of 28,000 barrels per
diem. The pipés are buried at a depth of two or
three feet, and follow the général contour of the
country through which they pass. The pumps,
generally of the Worthington pattern, are power-
ful machines, and, in order to force the oil such
great distances against the friction of the. pipes,
carry a pressure of from 1,200 to 1,500 lbs. to
the square inch. The pipes on the main line
are ail tested to a pressure of 2,000 lbs. to the
square inch. The storage tanks, of which there
are two or more at each station, are built of
boiler iron, and hold 35,000 barrels each. Ob¬
structions in these lines of pipes are removed by

.the insertion of a 1 scraper ' of iron, armed with
curved knives, which is driven along by the
pressure from the pumps. This is forced from
station to station, and is followed by men on
foot or horseback, who keep within hearing of
the whirring noise of the instrument, and in
case of stoppage must locate the spot so as to
be able to clear the obstrueted section.

The foreign exportation is chiefiy of refined
oil and other products. A considérable quantity
of crude petroleum, however, is exported froin
the United States to France to be refined there,
the French duty on the refined oil encouraging
the home refining.

III. Pkocesses of Befininq.

As petroleum bas been shown to be a mix¬
ture of hydrocarbons of différent volatility, the
iirst opération would naturally be to effect a
partial séparation of these hydrocarbons by a
process of fractional distillation. But, in fact,
simpler lines of treatment were first tried. It
was found that crude oils spread out over warm
water in tanks and exposed to the Sun were
ruuch improved in gravity and consistency.
This process was chiefiy employed for the pro¬
duction of lubricating oils, and the products were
called ' sunned oils.' This was followed by the
application of methods of partial evaporation or
concentration in stills, either by direct applica¬
tion of beat or by the use of steam-coils, care-
fully avoiding over-heating. The products were
called ' reduced oils,' and form the best material
foi the manufacture of high-grade lubricating

oils. They will be referred to again. The pro¬
cess to which the great bulk of crude petroleum
is submitted, however, is that of fractional dis¬
tillation, continued to the eventual coking of the
residue. As the most valuable of the several
distillâtes is that which is to be used as illumi-
nating oil, the percentage of that distillate
obtainable is an important item in an oil re-
finery. A normally conducted fractional distil¬
lation of Pennsylvania petroleum will give from
35 to 50 p.e. of oil suitable for illuminating
purposes, and from 20 to 30 p.c. of lubricating
oils. About 1865, however, it was found that if
during the distillation the heavy vapours were
made to drop back upon the hot oil in the still
they became superheated and were decomposed.
This process of destructive distillation or ' eraek-
ing ' allowed of a notable increase of the illu¬
minating oil fraction at the expense of the
lubricating oil. So, at présent, some 75 to 80 p.c.
of burning oil is obtained, while the residuumfrom
which the lubricating oil is obtained is reduced
to 6 p.c.

The process of refining crude petroleum is
generally divided into two quite distinct parts.
The ' benzine ' and burning oil distillate are run
from the same still, when tbe fluid residuum is
transferred to what are usually called 'tar
stills,' in which the rest of the distilling opéra¬
tion is conducted. The crude oil stills are

of two forms, the cylindrical still and the
' cheese-box still.' The former, in almost
exclusive use at présent, eonsists of a cylinder of
boiler-plate, the lower kalf being generally of
steel, 30 feet in length by 12 feet 6 inclies in
diameter. This still is set horizontally in a
furnace of brickwork usually so coustructed that
the upper half of the still is exposed to the air,
which facilitâtes the cracking in the latter part
of the distillation. The ' cheese-box still ' has a

body and dome-shaped top of boiler-plate and a
double curved bottom of steel plate. It is 30 feet
in diameter and 9 feet in height and is set on a
sériés of brick arches. The working charge of
the cylindrical stills is about 600 barrels, and of
the ' cheese-box ' stills about double that quantity.
Both forms of stills are usually provided with
steam pipes both closed and perforated. The
steam issuing in jets froin the perforated pipe
has been found to facilitate distillation by carry-
iug over mechanically the oil vapours.

The condensing apparatus varies somewhat
in the détails of its construction, but consists
essentially of long coils of pipe immersed in
tanks through which water is kept flowing. The
terminal portions of the condensing pipes ail
converge and enter the receiving house within a
few inches of each other. Near the extremity of
each a trap in the pipe is made for the purpose
of carrying away -the incondensable vapour.
This may be allowed to escape or burned under-
neath the boilers or stills, effecting thereby
a large saving in fuel. The condensing pipes
generally deliver into box-like réceptacles with
plate-glass sides, through which the running of
the distillate can be observed, and from which
test portions can be taken from time to time for
the proper control of the process.

The tar-stills are usually of steel, cylindrical
in shape, holding about 260 barrels, and are set
in groups of two or more, surrounded by brick-

x 2
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work. Vacuum stills bave been and are still
used to soine extent, espeeially in the prépara¬
tion of reduced oils, for the manufacture of
lubricants and products like vaseline. Of course
the evaporation in these stills takes place rapidly,
and at the lowest température possible, insuring
a fractional distillation and not a décomposi¬
tion. If superheated steam be used, moreover,
instead of direct iiring, it is possible to reduce
oils to 26°B. without any production of pyro-
genic products. Continuous distillation has not
proved commercially successful in the United
States.

To recur now to the products of the first
rough distillation of crude oil, the first fraction,
known as the ' benzine distillate,' and amount-
ing usually to 12 p.c. of the crude oil, is redis-
tilled by steam heat in cylindrical stills holding
500 barrels, and is sometimes separated into the
following products : cymogene, 100° to 110°B.
gravity ; rhigolene, 90° to 100°B. ; gasolene, 80°
to 90°B. ; naphtha, 70° to 76°B. ; benzine, 62°B.
gravity. The time oceupied in vorking the
charge is about 48 hours. The percentage of
these products varies, but, as a rule, amounts to
about 25 p.c. of the first three collectively,
rather more than 25 p.c. of the naphtha, and
about 40 p.c. of the benzine. The deodorisa-
tion of the benzine, which is to be used for
solvent purposes in pharmaey or the arts, is
effeeted by the use of sulphuric acid, as in the
treatment of the burning oil fraction, only the
proportion of acid used is much smaller, and the
agitation is effeeted by revolving paddles instead
of by an air-blast. One-half of 1 p.c. is sufficient
in this case. Other processes have been pro-
posed for the deodorisation, sueh as the use of
mixtures of sulphuric and nitric acids with al-
cohol, which produce ethereal products, which
are said to neutralise and destroy the benzine
odour. The treatment of the illuminating oil
fraction is a more important process. It is
first subjected to treatment with sulphuric acid,
washing with water and a solution of caustic
soda. This opération is conducted in tall cylin¬
drical tanks of wrought iron, lined with sheet-
lead, which are called ' agitators.' The bottom
is funnel-shaped, terminating in a pipe furnished
with a stop-cock for drawing off the refuse acid
and soda washings. The distillate to be treated
must be cooled to at least 60°ï\, and before the
main body of the acid is added for the treatment
any water présent must be carefully withdrawn.
This is done by starting the agitation of the oil
by the air-pump and introducing a small quan-
tity of acid. This is allowed to settle and with¬
drawn. The oil is now agitated and about
one-half of the charge of acid is introduced
g'radually from above. The agitation is now to
be continued as long as action is indicated by
rise of température, when the dark ' sludge acid '
is allowed to settle and withdrawn. The re-

maining portion of the acid is added and a
second thorough agitation takes place. The
whole charge of acid needed for an average
distillate is about 1J to 2 p.c., or about 6 lbs. of
acid to the barrel of oil. The acid as drawn off
is dark-blue or reddish-brown in colour and is
charged with the sulpho- compounds of the
olefines, while the free sulphur dioxide escapes
in abundance. The oil after treatment consists

of the paraffin hydrocarbons partially freed from
admixture with olefines. In colour it has been
changed from brownish-yellow to a very light
straw shade. The oil is now washed with water
introduced through a perforated pipe running
round the upper cireumference of the tank.
This water pereolates through the body of
the oil, removes the acid, and is allowed to
escape in a constant stream from the bottom.
When the wash-water shows no appréciable acid
taste or reaction the washing is stopped and
about 1 p.c. of a caustic soda solution of 12°B.
is introduced and the oil is again agitated.
When this is drawn off the oil is ready for the
settling tanks. A washing with water after the
soda treatment sometimes follows, but is not
général. A washing with dilute ammonia is
also sometimes used to remove the dissolved
sulpho- compounds. The settling tanks are
shallow tanks, exposed to air and light on the
sides, and in these any water contained in the oil
settles out and the oil becomes clear and brilliant.
The tanks are provided with steam eoils for
gently warming the oil in cold weather to facili-
tate this séparation. A spraying of the finished
oil to raise the fire-test by volatilising a small
quantity of the lightest hydrocarbons présent is
sometimes praetised at this stage, but exacter
control of the distillation has rendered it no

longer necessary.
In the refining of the Canadian oil and the

Lima, Ohio, oil, which contains sulphur impuri-
ties, after the caustic soda washing, the oil is
treated with a solution of litharge in caustic
soda, agitation being continued for about 6 hours,
or until the oil is deodorised. Sublimed sulphur
is then added and the agitation renewed. After
the first drawing off of the litharge solution the
oil is bleached in sunlight. The oil, however, is
not freed from ail its sulphur impurity even by
this elaborate treatment. More recently it has
been found that distillation over finely-divided
metallic copper under certain conditions will
much more effectually free these oils from the
sulphnr.

The residuum of the original crude oil distil¬
lation is, as was said, distilled from the ' tar-
stills.' The first runnings, oonstituting from 20
to 25 p.c., will have a gravity of 38°B., and are
returnecl to the crude-oil tank for redistillation
or are treated and purifiée! as burning oil. The
paraffin oil which now runs over may be caught
in separate lots, as it deepens in colour and in-
creases in density, or it may be ail received to-
gether to be treated in the paraffin agitator with
acid and purified for the séparation of paraffin
wax. The agitator in this case mnst be provided
with steam pipes, so that its contents can be
kept perfectly liquid, and the charge of acid is
larger, amounting to 3. 4, or even 5 p.c. The treat¬
ment includes the usual washing with water and
soda, ail. at the proper température. The
' sludge ' becomes quite solid on standing, and
is not worked over. After settling, the paraffin
oil goes to the chill rooms, where, by the aid of
the ammonia-refrigerating machines and the
circulation of cooled brine, the whole mass is
brought to a semi-solid condition. This is
pressed between bagging by hydraulic pressure,
and the refined heavy oil which drains off is
collected as lubricating oil. Its gravity should
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be abolit 32°B., fire-test 325°F., and cold-
test 30°F. The press-cake may be broken up,
melted, and reerystallised, and then submitted
to still greater pressure at a higher température
(70°F.) than before, when it is known as ' refined
wax.' To eonvert it into blook paraffin it must
be washed with benzine, pressed, melted, and
filtered through bone-black, when it is obtained
perfectly colourless and solidifying to a hard
translucent bloek.

The distillation of residuum is continued
until the bottom of the still beeomes red-hot,
when yellow vapours issue from the tail-pipe and
a dense resinous product of a liglit-yellow colour
and nearly solid consistency distils over. This
' yellow wax ' contains anthracene and other
liigher pyrogenio hydrocarbons. Its only use at
présent is to add it to paraffin oil to inerease
density and lower cold tests. The coke remaining
in the still amounts to about 12p.c. lieduced oils,
obtained by careful driving off of the hght frac¬
tions of the crude petroleum without eracking,
as stated before, are of great value as lubricants.
Tbey are generally made by vacuum distillation
and the use of superheated stearn instead of
direct firing. They are either brought into the
market at once without further treatment or

after a bone-black filtration. This production of
filtered oils is usually combined with the manu¬
facture of vaseline or 'petrolatum,' as it is now
known in the U.S. Pharmacopœia. Taking a
vacuum residuum as the raw material, this is
melted and run on to filters of fine granular well-
dried bone-black. The filters are either steam-

jacketed or are placed in rooms heated by steam-
eoils to 120°F. or higher. The first runnings
are colourless ; and ail up to a certain grade of
colour go to the manufacture of vaseline. Beyond
that the filtrate is known as ' filtered cylinder
oil,' and is used as lubricant exclusively.

IY. Character of Products.
The names of commercial produets obtained

from petroleum hâve of course been almost in-
finitelyvaried, aseachmanufacturerhashis trade
names for his spécial produets. "We shall only
designate the generally accepted classes of pro¬
duets. Beginning with the lightest, we have :—

Cymogenc, gaseous at ordinary températures,
but liquéfiable by cold or pressure. Boiling-
point 0°C. ; sp.gr. 110°Beaumé. Used in the
manufacture of ice.

Rhigolene, condensable by the use of ice and
sait. Boiling-point 18'3°C., sp.gr. 0*60 or 100°B.
Used as an anœstketic for médical purposes.

Petroletim etlier (Sherwood oil), b.p. 70° to
90°C., sp.gr. 0-650 to 0-666 or 85° to 80°B.
Used as a solvent for caoutchouc and fatty oils,
and for carburetting air in gas machines.

Gasoline (Canadol), b.p. 70° to 90°C., sp.gr.
0-666 to 0-690 or 80° to 73°B. Used in the ex¬

traction of oil from oil seeds and in carburetting
coal-gas.

Naphtha (Danforth's oil), b.p. 80°-110°C.,
sp.gr. 0-690 to 0-700 or73°to 70°B. Used forburn-
ing in vapour-stoves and street-lamps, as a sol¬
vent for resins in making varnishes, and in the
manufacture of oil-cloths.

Ligroïne, b.p. 80° to 120°C., sp.gr. 0-710 to
0-730 or 67° to 62°B. For solvent purposes
in pbarmacy and for burning in sponge lamps.

Benzine (deodorised), b.p. 120° to 150°C.,
sp.gr. 0-730 to 0-750 or 62° to 57°B. Used as a
substitute for turpentine, for eleansing printer's
type, and for dyer's, seourer's, and painter's
use.

Burning oil or Kerosene. The différent burn¬
ing oils are known often by spécial names of
which the number is légion, but they are graded
by the American petroleum exporters chiefly
according to the two standards of colour and
fire-test, the colours ranging from pale yellow
(standard white), to straw (prime vvhite) and
colourless (water white). The fire-tests to which
the commercial oils are mostly brought are
110°F., 120°F., and 150°F., that of 110° going
mainly to the Continent of Europe and to China
and Japan, and that of 120° to England. A
large proportion of kerosene is now refined on the
basis of the Abel test. An oil of 150°F. fire-test
and water-white in colour is known in the trade
as ' head-light oil.' An oil of 300° fire-test and
sp.gr. 0-829 is known as ' mineral-sperm ' or
' minerai-colza ' oil.

Lubricating oils from petroleum have as-
sumed an importance which is increasing every
year. Some crude petroleums like those of
Franklin and Smith's Ferry, Pa., Mecca, Ohio,
Volcano, W.Va., and other localities, are natural
lubricating oils, requiring little or no treatment
to fit them for use. The other petroleum lubri¬
cating oils are préparée! in one of two ways—
either by driving off the light hydrocarbons
from the crude oil, yielding what is called a
' reduced oil,' or they are the oils obtained by dis-
tilling the petroleum residuum in tar stills. The
lightest of the lubricating oils, varying in gravity
from 32°B. to 38°B., are frequently called
' neutral oils.' They are largely used for the
purpose of mixing with animal or vegetable oils,
and it is therefore necessary that they should be
thoroughly deodorised, decolourised, and de-
prived of the blue fluorescence or ' bloom.'
The first two results are aceomplished by
bone-black filtration, the last in various ways,
such as treatment with nitric acid, addition
of small quantifies of nitronaphthalenes,
<fcc.

Heavier lubricating oils are called ' spindle '
and ' cylinder ' oils.

The shipment of refined oils is chiefly in
barrels and in cans of tin, two of which latter,
holding five gallons American or nearly four
impérial gallons each, are packed together in
a wooden case. These cases go to China, Japan,
and warm climates, as theloss. by leakage is less
than when the barrel is used. The shipment
of oil in bulk for the voyage across the Atlantic
presented diffieulties so much greater than the
shipment in tank steamers on the Caspian that
it was not successfully aceomplished until
within the past few years to London and to
Bremen, and now quite a fleet run from Phila-
delphia and New York to English and Geiman
ports. The most important feature of their con¬
struction is the provision of auxiliary tanks above
the level of the main storage tanks and in com¬
munication with them. The storage tanks can
thus always be kept full of oil, the auxiliary
tanks serving to hold the surplus when the storage
tanks become heated and supplying the deficiency
when contraction takes place. The ' Crusader '
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is provided with 40 tanks with an average
capacity o£ 120 barrels each, the ' Andromeda '
with 72 tanks, and carried in her first trip to
Bremen 684,641 gais, of refined oil.

Y. Statistics.

1. Annual production and value of petroleum
in the United States, according to ' Minerai
Resources of U.S. Department of Interior '
1888.

Production Value
1882. 30,349,897 barrels . #23,705,698
1883. 23,444,878 „ . . #25,740,252
1884. 24,214,290 „ . . #20,476,294

Production Value
1886. 28,285,115 barrels . #20,028,457
1887. 28,249,597 „ . . #18,856,606
1888. 27,615,929 „ . . #17,950,353

2. Pipe-line stocks of Penn and New Pori
oil in tanks at close of year (U.S. Minerai
Resources 1888, and StowelVs Petroleum Re¬
porter).

Barrels Barrels
1882. 34,596,612 1885. 34,428,841
1883. 35,745,632 1886. 34,156,605
1884. 37,366,126 1887. 28,357,112
1888. 18,995,814 + 9,810,714 (Lima oil)
1889. 11,562,593 + 14,105,149 (Lima oil)
1890. 10,682,807 + 20,971,395 (Lima oil)1885. 21,842,041 „ . . #19,193,694

3. Exports of Crude and Refined Petroleum from the United States for the years 1888,
and 1890, according to U.S. Bureau of Statistics.

1888 1889 1890

Crude petroleum exported
Yalued at

Naphthas and light distillâtes
Illuminating oils
Lubricating oils ....
Residuum and tar
Yalue of ail refined products

77,549,452 gais*
#5,454,705
13,481,706 gais.*

455,045,784 ,,

24,510,437 „

1,870,596 „

#48,105,703

72,987,383 gais.*
#5,083,132
14,100,054 gais*

502,257,455 „

25,166,913 „

1,683,654 „

#44,830,545

95,350.653 gais.*
#6,744,235
12,937,433 gais*

523,295,090 „

30,162,522 „

2,222,472 „

#44,658,864
* American. S. P. s.

The Russian Petroleum Industry.
It is difficult to estimate even approximately

'

the number of centuries during which the exis¬
tence of petroleum in Southern Russia has been
known. There can, however, be little doubt
that the so-called Eternal Fires at Suralchaneli,
on the Apsheronpeninsula, have been frequented
by fire-worshippers since the commencement of
the Zoroastrian period, to which the date of
600 b.c. has usually been assigned, though the
temple which now stands in that locality is con-
sidered to be of Hindu origin, and is probably
not more than two centuries old! The late Mr.
Marvin industriously compiled for his interesting
work, ' The Région of the Eternal Fire,' an ex-
tensive list of referenees made to the Baku
petroleum région by travellers and historians.
In Gibbon's Décliné and Fall of the Roman
Empire it is recorded that Heraclius, having,
in a.d. 624, wintered in the Mogan Steppes, at
the mouth of the river Eura, 70 miles south of
Baku, 'signalised the zeal and revenge of a
Christian Emperor. At his command, the sol-
diers extinguished the fire and destroyed the
temples of the Magi.'

Marco Polo, writing in the 13th century,
says : ' On the confines towards Georgine, there
is a fountain from which oil springs in great
abundance, inasmuch as a hundred shiploads
might be taken from it at one time. This oil
is not good to use with food, but 'tis good to
burn, and is also used to anoint camels that
have the mange. People come from vast dis¬
tances to fetch it, for in ail the countries round
here is no other oil.'2 With reference to this,
Colonel Xule remarks : ' Though Mr. Ivhanikolï
(the celebrated Russian traveller) points out that

1 When the writer visited Baku in 1884, lie found this
temple deserted, and the fires extinguished, but lie had no
difficulty in igniting the gas.

- The Book of Ser Marco Polo, tlieVenetian. Edited by
Colonel Henry Yule, C.B., London, 1871.

springs of naphtha are abundant in the vicinity of
Tiflis, the mention of ship-loads (in Ramusis, in-
deed, altered—probably by the editor—to camel-
loads) and the vast quantities spoken of, point
to the naphtha wells of the Baku peninsula on
the Caspian. Ricold speaks of their supplying
tlie whole country as far as Bagdad, and Barbara
speaks of their practice of anointing camels
with oil.' Peter the Great, upon annexing Baku
in 1723, made arrangements for the collection
of the oil and its transportation up the Volga.
A few years later, Baku having meanwhile been
restored to Persia, attempts were made by Eng-
land to establish a trade with India viâ the
Caspian Sea, and, some complications having
arisen, Mr. Jonas Hanway was deputed to pro-
ceed to Persia to investigate aiïairs. TJpon
his return, Mr. Hanway publislied, in 1754, An
Account of British Trade over the Caspian Sea,
wkerein the following referenees to petroleum
occur : ' What the Guebers, or Fire-worshippers,
call the Everlasting Fire, is a phenomenon of a
very extraordinary nature. This object of dé¬
votion lies about ten English miles north-east
by east from the city of Baku, on a dry rocky
land. There are several ancient temples built
with stone, supposed to have been ail dedicatei
to fire. Amongst others is a little temple at
which the Indians now worship. Here are gene-
rally forty or fifty of these poor devotees, who
come on a pilgrimage from their own country.
A little way from the temple is a low cleft of a.
rock, in which there is a horizontal gap, tw»
feet from the ground, nearly six long, and about
three broad, out of which issues a consta
fiame, in colour and gentleness not unlike
lamp that burns with spirits, only more pui
When the wind blows, it rises sometimes eighfc
feet kigh, but much lower in still weather-
They do not perceive that the fiame makes any
impression on the rock. This also the ~
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worship, and say it cannot be resisted, but if
extinguished will rise in another place. The
■earth round the place, for above two miles, lias
"this surprising property, that by taking up two
or three inches of the surface and applying a
live coal, the part which is so uncovered im-
mediately takes fire, almost before the coal
touches the earth; the flame makes the soil
hot, but does not consume it, nor affect what is
near it with any degree of heat. Any quantity
of this earth carried to another place does not
produce this effect. Not long since, eight horses
were consumed by this fire, being under a roof
where the surface of the ground was turned up,
and by some accident took flame. If a cane or
tube even of paper be set about two inches in
the ground, conflned and closed with earth
below, and the top of it touched with a live
coal, and blown upon, immediately a flame issues
without hurting either the cane or paper, pro-
vided the edges be covered with clay ; and this
method they use for light in their houses, which
bave only the earth for the floor ; three or four
of these lighted canes will boil water in a pot,
and thus they dress their victuals. The flame
may be extinguished in the same manner as
that of spirits of wine. The ground is dry and
stony, and the more stony any particular part
is, the stronger and clearer is the flame ; it
smells sulphurous, like naphtha, but not very
offensive. Lime is burnt to great perfection by
means of this phenomenon, the flame commu-
nicating itself to any distance where the earth is
uncovered to receive it. The stones must be laid
on one another, and in three days the lime is
eompleted. Near this place brimstone is dug,
and naphtha springs are found. Balcu supplies
Ghilan and Mazanderan and other countries
contiguous with naphtha.' Hanway adds that
'the chief place for the black or dark-grey
naphtha ' was ' the small island Wetoy, now
uninliabited, except at such times as they take
naphtha from tbence.' The island thus referred
to is Sviatoi or Holy Island, which lies at the
extremity of the peninsula of Apsheron. Of
the Wetoy naphtha, Hanway says :1 The Persians
load it in bulk in their wretched vessels, so that
sometimes the sea is covered with it for leagues
together. When the weather is thick and hazy,
the springs boil up the higher, and the naphtha
often takes fire on the surface of the earth, and
runs in a flame into the sea in great quantities,
to a distance almost incredible. In clear weather
the springs do not boil up above two or three
feet ; in boiling over, the oily substance makes
so strong a consistency as by degrees to almost
close the mouth of the spring ; sometimes it is
quite closed, and forms hillocks that look as
black as pitch, but the spring which is resisted
in one place breaks out in another. Some of
the springs which have not been long open form
a mouth of eight or ten feet diameter. The
people carry the naphtha by troughs into pits or
réservoirs, drawing it off from one to another,
leaving in the first réservoir the water or the
heavier part with which it is mixed when it
issues from the spring. It is unpleasant to the
smell, and used mostly among the poorer sort of
the Persians, and other neighbouring people, as
we use oil in lamps, or to boil their victuals ;
but it communicates a disagreeable taste. They

find it burns best with a small admixture of
ashes. As they obtain it in great abundance,
every family is well supplied. They keep it at
a small distance from their houses, in earthen
vessels underground, to prevent any accident
from fire, of which it is extremely susceptible.'
Hanway also describes a ' white ' variety of naph¬
tha, collected on the peninsula of Apsheron, as
' of a much thinner consistency than black
naphtha. The Eussians drink it both as a
cordial and medicine ; but it does not intoxicate.
If taken internally it is said to be good for the
stone, as also for disorders of the breast, and in
venereal cases, and sore heads ; to both the last
the Persians are very subject. Externally ap-
plied, it is of great use in scorbutic pains, goûts,
cramps, &c., but it must be put to the part
affected only ; it penetrates instantaneously into
the blood, and is apt, for a short time, to pro¬
duce great pain. It has also the property of
spirits of wine to take out greasy spots in silks
or woollens, but the remedy is worse than the
disease, for it leaves an abominable odour. They
say it is carried into India as a great rarity, and,
being prepared as a japan, is the most beautiful
and lasting of any that has been yet found.' A
third source of petroleum mentioned by Hanway
is the island of Tcheleken on the eastern side of
the Caspian. Of this island, Captain Wood-
roffe says : ' We weighed, and came in close
under the east side of Naphtonia, as the Eus¬
sians call it. The Persians call it Cherriken.
The coast is difficult of access, being high. It
contains about thii'ty-six families, who have
twenty-eight large boats, with several wells of
naphtha. The people exist entirely by piracy.
To remedy this evil, Nadir Shah, some years
ago, offered to forgive ail that was past, and to
receive them into his favour, if they would corne
and settle about Astrabad Eay, where they might
have lands and sell their naphtha to the inhabi¬
tants of that quarter. This they accepted, and
carried on a brisk trade for about two years,
selling their naphtha to the Persians, Turko-
mans, &o. ; but, getting tired of this way of living,
returned to their trade of piracy.'

Eussia again annexed Baku in 1801, and the
monopoly of producing petroleum was conferred
on a trader of the name of Meerzoelï. In 1813
the aggregate yield of the wells was computed
to be from 1,000 to 1,500 lbs. per day. Prom
1821 to 1825 the Government received from
Meerzoeff a revenue of 131,000 roubles ; and
subsequently, up to 1839, from 76,000 to 97,000
roubles per annum, équivalent, at the time, to
an average of about 11,0001!. sterling. During
this period the production steadily increased
until it amounted to more than a million gal¬
lons. Prom 1832 to 1849 the output from 140
pit wells was as follows :

POOda. Poods.
lï. = 36-1127 lbs. av. 1P. = 36-1127 lbs. av

1832. . 261,000 1841. 326,695
1833. . 300,000 1842. 329,578
1834. . 346,109 1843 . 327,802
1835. . 352,720 1814 . 328,280
1836. . 352,862 1845 . 327,167
1837. . 344,147 '1846 . 332,854
1838. . 340,554 1847 . 316,850
1839 . . 358,357 1848 . 288,112
1840. . 337,010 1849 . 255,476
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The total revenue from petroleum from 1850
to 1863 amounted to 1,195,000 roubles. From
the latter year until 1867 it averaged 162,000
roubles per annum ; and thenceforward until
1872, when an excise duty was substituted for
the monopoly, 136,000 roubles, the production
being as under :

1863 .

1864.
1865 .

1866.
1867 .

Poods.

340,000
538,966
554,291
691,820
998,905

1868.
1869.
1870.
1871.
1872.

Poods.
. 735,764

. 1,685,229
. 1,704,465

. 1,375,523
. 1,537,600

In 1S72 there were 415 pit wells and two
drilled wells.

The abolition of the monopoly had the
effect of greatly increasing the production, and
Meerzoeff did not long retain a position of
supremacy, for in 1873 the Khalify Company
struck a flowing well which yielded a large
supply; and in the following year the Trans-
caspian Trading Company, aftenvards called
the Baku Petroleum Company, took the lead in
the business. In 1875 Messrs. Nobel Brothers
eommenced the systematic production, refining,
and transportation of petroleum upon a large
scale, and by the introduction of approved ap-
pliances for drilling and refining, as well as by
the installation of a complété System of pipe¬
lines, tank steamers, tank barges, tank railroad
waggons, and storage tanks, inaugurated a new
era in the Bussian petroleum industry.

During the excise duty period the output of
crude petroleum was as follows :

Poods.

1876 . 12,028,000
1877 . 12,000,000

Poods.
1873. . 3,968,000
1874. . 4,836,000
1875. . 5,828,000

At the end of this period there were 130 drilled
wells.

The excise duty was removed in 1877, and
thereafter, according to the officiai statistics,
the production was as under :

Poods. Poods.
1878 . 15,000,000 1885 . 116,000,000
1879 ■

. 21,000,000 1886 . 150,000,000
1880 . 25,000,000 1887 . 165,000,000

. 192,600,0001881 . 40,000,000 1888
1882 . 50,000,000 1889 . 205,500,000
1883 . 60,000,000 1890 . 239,000,000'
1884 . 90,000,000

When the writer visited Baku in 1884, the
number of drilled wells in the neighbourhood
was about 400, but of these only about 100 were
producing. At the end of the year 1889 there
were 261 producing wells. The average yield
per well in the Balakhany-Saboontchi field in
1887 was 762,421 poods, and in 1888 776,794
poods.

Most of the wells are situated in the Bala-
khany and Saboontchi territories, which are
classed as one field. These lands have an area

of about four square miles, and oceupy a level
plateau at an élévation of about 175 feet above
the sea. They are distant about eight miles
from the town of Baku, which lies on the south-

1 Of this amount more than 18i million poods was pro-
duced in the Bibi-Eibat field, and more than million
poods in the Bomany field, the remainder being the"produce
of the Balakhany-Saboontchi field.

ern shore of the bay formed by the Apsheron
peninsula. About one half of the Balakhany.
Saboontchi field has been drilled over, and wells
are being sunk in the neighbouring oil terri-
tories of Bomany and Benegadi, where already
successful results have been obtained. It is,
however, to the Bibi-Eibat field, which lies two
or three miles south of Baku, that attention has
lately been largely directed, for the wells which
have been drilled here have proved far more
productive even than those of the Balakhany.
Saboontchi field. At Surakhany, the site of the
' Eternal Fires,' about eleven miles from Baku,
petroleum also oceurs.

Petroleum is, however, widely distvibuted
throughout Southern Bussia, and it will there-
fore be necessary now to consider the other
principal producing localities. From the Crimea
eastward through the Taman Peninsula, thence
through the Caueasus and into the territory ou
the farther side of the Caspiau Sea, the petro¬
leum deposits are known to exteud, and the
Apsheron peninsula alone comprises perhaps as
much as 12,000 square miles of more or less
productive territory.

Colonel Stewart points out that a line of
petroleum-bearing strata can be traced in the
valleys skirting the northern face of the Cauea¬
sus fange from the Blaok Sea coast near Tamau
to Petrofsk, on the Caspian Sea. Next to the
deposits situated in the Kouban district the
most important are situated in the valley ot
the Terek Biver, near Groznaya. This may be
described as the northern zone of petroleum-
bearing strata. South of this is what may be
called the southern zone, commencing at the
seaboard a little north of Batoum, between the
second and third stations of the Trans-Caucasian
raihvay.

In the Crimea a considérable number of
wells have been drilled, but the yield has been
inconsiderable. Mr. Chambers gives the follow¬
ing particulars of the wells in this locality

Seven at Chingalek, sixteen miles south ot
Kertch. Deepest 910 feet. This gave for a
short time thirty barrels per day.

Four at Kop-Kootehigan.1 Deepest 840 feet.
Little oil.

One at Temesh, abandoned at a depth of 879
feet.

One at Zamoskaya, twenty-five miles westot
Kertch, abandoned at a depth of from 500 to
600 feet.

One at Karamish Kelechi. Depth 690 feet.
Two at Teschevli. Depth 630 and 700 feet.
Colonel Stewart, who visited the Kertch field

in 1886, gives the depth of the deepest well at
Chingalek as 930 feet, and states that, the lower
part being cased with only two-inch pipe, the
well choked soon after it began to flow. Two
other wells have been drilled at Chingalek to a
depth of 604 feet and 844 feet respectively, with
a diameter at the bottom of seven inch'es la
each instance. The first of these yielded very
little oil and the second none, but it was in-
tended to increase the depth of the latter in the
hope of rendering the well productive. At the
time of Colonel Stewart's visit a well in course

of drilling at Kop Kootchigan had reached a
1 Colonel Stewart reports that there are in this neigh¬

bourhood 112 abandoned wells.
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depth of 818 feet. This well had been cased
with 8-incli pipe to 328 feet, with 7-incli pipe to
718 feet, and with 6-inck pipe below that. The
strata in the Kertch field appear to eonsist of
beds of sand with deposits of clay in which
boulders occur, and the drilling is found to pré¬
sent considérable difficultés.

On the Taman peninsula the efforts of the
producer have been attended with greater suc-
cess. The petroleum deposits at Illski, forty-
seven miles in a direct line from the port of
Novorossisk, on the Black Sea, have long been
known to the Cossacks, who coilected the mate-
rial for use as cart grease. In 1864 Colonel
Novosiltsoff, who had acquired the monopoly of
producing petroleum on the Cossack lands in
this locality, commenced drilling for oil on the
coast ; and subsequently, during the years 1873
to 1875, completed nine wells at Illski.1 The
yield of petroleum was, however, comparatively
small, and Colonel Novosiltsoff became involved
in financial difficulties. In 1879 a lease of the
greater part of the property, which had an area
of 1,500,000 acres, was granted for twelve years
to Dr. Tweddle, with the exclusive right to drill
for petroleum. This right was afterwards trans-
ferred by Dr. Tweddle to the Standard Busse
Petroleum Company of Marseilles, and the
company also acquired a similar right of drilling
on an additional 90,000 acres of private lands
for periods ranging from twelve to twenty-three
years.2 Of sixty-nine wells drilled at Illski,
only one was unproductive, and when Colonel
C. E. Stewart visited the district in 1886
fifteen were yielding oil. At Koudako, north
of Illski, ten wells have been drilled, and
of these four are yielding oil in small quan-
tity. Colonel Novosiltsoff commenced drill¬
ing a well in this locality in 1866, and at a
depth of only 40 feet obtained from 400 to
500 gallons of oil per day. At a depth of 123
feet the well commenced flowing, and threw up
a column of oil 14 feet in height. 3?or a short
time the well yielded 5,000 gallons per day, but
the bore soon became ehoked. On the depth
then being increased to 182 feet, the well spouted
to a height of 40 feet, and discharged 10,000
gallons per day, until it again became ehoked.
The depth was finally increased to 242 feet,
when the outflow reconimenced with great vio¬
lence, and enormous quantities of oil are stated
to have run to waste. Three other wells were

drilled at about the same time, and one of these,
with a depth of 343 feet, is said to have yielded
by pumping about 60,000 gallons per annum for
several years. The Koudako petroleum field is
on the estate of General Dourassoff. This estate
bas an area of about 27,000 acres, of which
Colonel Stewart considers at least 5,000 acres to
give promise of being rich petroleum territory.
The distance from Novorossisk is thirty-five
miles by post road, or twenty-two miles in a
direct line. Trial borings made on other lands

1 Colonel Stewart states that tlie deepest of tire wells
was sunk to 527 feet ; at 200 feet it was a flowing well for
a short time, and when deepened it yielded by pumping
about 2,100 gallons per day. Another well with a depth of
420 feet yielded about 19,000 gallons per day ; and a tliird,
which was 460 feet in depth, flowed for a tiiiie.

a The Standard Russe Company paid rent to the local
Cossack Government of 25,000 roubles for tlie 1,500,000 acres
of Cossack lands, and a royalty of two copecks per pood on
the crade oil raised.

in the vicinity have also been attended in some
instances with hopeful results.

Mr. Peacock, in a British eonsular report, has
described in the following terms the petroleum
deposits in this neighbourhood : ' Commencing
about twenty-two miles nojrtli-north-west from
the mountain Oshten, and continuing in a north-
westerly direction, the first group of the petro¬
leum zone will be the Pshekha-Psish, about
twenty miles long. It is the most elevated, and
stretehes from the valley Pshekha to the left
bank of the rivet Psish. It also comprises the
valley of the Tchekokh-Tanko, where is situated
the Cossack military station Khodajinskaya,
with rich deposits of ozokerit in its close vicinity,
and the Cossack station Nephtanaya (meaning
in Bussian, petroleum village), so calied because
of numerous natural petroleum pits in the
vicinity. About twenty-three miles to the north-
west is situated the Pshaf group, nine miles
long, and occupying the northern slopes and
valleys deviating from an isolated mountain
range called Pshaf, and feeding several small
streams, of which the Loups, Slitch, and Tchibi
are the most remarkable, as rich natural petro¬
leum wells are situated near their courses. In
the first of these groups, some trial borings were
made several years ago by Colonel Kraftsofî, the
deepest of which was bored to 140 feet. A con¬
sidérable quantity of oil of good quality was
obtained from this well, but the work was stopped
for want of means. Some of the shallow wells
in the Chekokh Valley still yield about 200
gallons a day. In the second group no trial
borings have been made. There are only the
natural indications.'

In the Tidis district petroleum occurs near
Signakh and at Naftlough. In 1889 the pro¬
duction in the former locality was 55,296 poods
(17,000 more than in the previous year). In
1889 the production in the Government of
Elisabetpol was 3,000 poods (1,000 more than
in the previous year) ; in Daghestan, 3,955 poods
(605 moïe than in the previous year) ; and in
the province of Terek, 275,721 poods (114,279
more than in the previous year). At Gruzino,
near Viadikavkaz, the indications are regarded
as particularly promising. The production in
the Northern Caucasus for the years 1877 to
1839 is given in an officiai report as under :—

Poods Pooils

1877 . 150,000 1884 840,000
1878 . 112,000 1885 . 1,140,000
1879 . 200,000 1886 . 1,170,000
1880 . 260,000 1887 . 1,010,000
1881 . 180,000 1888 . 1,412,000
1882 . 470,000 1889 . 1,656,000
1883 . 370,000

Between the extremity of the Apsheron
peninsula and Krasnovodslc on the opposite side
of the Caspian Sea extends a submerged moun¬
tain ridge, which at one period may have divided
the présent sea in two. From this ridge at
several points petroleum oil and gas rise to the
surface of the water and may be ignited. On
the Island of Teheleken, which lies near the
Transcaspian coast, there are apparently im¬
mense deposits of ozokerit. The soil also ap-
pears to be saturated with petroleum, but the
trial wells drilled have not been very productive.
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Of four wells dijlled by Messrs. Nobel Brothers
one flowed for a short time and afterwards
yielded by pumping 500 poods per diem of
very heavy oil. The depth of the deepest of
these wells was 280 feet. On the mainland
beyond the Caspian the existence of petroleum
lias long been known to the Turkomans, and
since 1881 the material has been used as fuel
on the railroad. The oil is yielded by three wells
of inconsiderable depth which have been drilled
at Naphthnia Gora, thirty versts from the Bala
Ishen station of the Transcaspian Railway. A
narrow-gauge Deeauville railway has been laid
from the wells to the main line. The quantity
of petroleum produced is said not to exceed
600 poods per day. In the same locality
there is stated to be a considérable deposit of
ozolcerit.

The Southern Bussian oil deposits extend in
a général north-easterly and south-westerly
direction, and in the neighbourhood of Baku the
dip is said to range from 20° to 40°. According
to Vasilieiï, praetiee has justifiedthe recommen-
dation of Professor Romanofsky that wells
should not be drilled near the outcrop of the
oil-bearing strata, nor at anticlinal bends,
but should strike the beds at not less than
400 feet below the outcrop. Vasilieff1 states
that the oil-bearing strata of the Apsheron penin-
sula belong to the lower Miocene sériés of the
Tertiary epoch. The upper beds, consisting of
.fossiliferous limestone, have disappeared in the
oil-region, the rocks of which are eovered by
deposits of alluvial origin. The oil-bearing beds
are composed of sand, calcareous clays, maris,
and in places compact sandstone, often of great
thickness, frequently penetrated by beds of
pyrites. The calcareous clays are easily bored
through. The oil-sands are in a semi-fluid con¬
dition when brought to the surface. A charac-
teristic of these oil-bearing rocks is the total
absence of organic remains down tothe maximum
depoth yet reached, while the upper beds of the
sériés abound in shells of the Aral-Caspian order.
The number of oil-bearing strata is unknown ;
three have long since been found, but recently a
lower oil horizon is stated to have been pene¬
trated at a depth of 1,450 feet. In the Illski
district two oil-sands are met with ; one at a
depth of 200 feet, and the other, which is the
more prolific, at from 600 to 1,200 feet below
the surface.

In conséquence of the strata having been
greatly disturbed by volcanic action, drilling in
the Apsheron peninsula is diffîcult and expen¬
sive. The progress of the drill is impeded by
the occurrence of hard boulders in compara-
tively soft soil, and 1 caving ' of the sides of the
well is very liable to occur unless the casing
closely follows the drill. It is, moreover, im¬
possible to drive the casing of the well to any
considerable depth ; consequently the size of the
hole has as a rule to be several times diminisheà
as the work proceeds, and, unless the well is
commenced of large diameter, the size of the bore
at the bottom is inadéquate. This nécessitâtes the
use of very heavy tools and thewhole of the drilling

1 Gorny Jurnal (Hussian Mining Journal) 1895. Trans¬
late! an! abstractei by "William Anderson, M.I.O.E., and
publislied in the Minutes of Proceedings of the Institution
of Civil Engineers, London, 1885.

appliances need to be of proportionate strength
The derrick employed is a substantial timber
structure about seventy feet in height, twentyfeet
square at the base and about four feet square at
the summit. On one side of the derrick stands
a massive wooden pillar which carries an oscilla-
ting beam. To one end of this beam the drilling
tools are suspended, while from the other end
a Connecting rod passes to a erank actuated by
a steam engine through the médium of an end-
less band. The two principal methods of drill¬
ing employed in the Baku fields are known
respectively as the rope System and the rod
System. In the former the tools are suspended
by a cable, while in the latter they are attache!
to rods of iron or wood. The use of the cable
admits of more expeditious drilling, but wheie
the soil is tenacious the employaient of rods is
held to be préférable if not imperative. The
cable System has been gradually growing in
favour among drillers in Russia, the increasing
depth of the wells accentuating the disadvantage
of the rod System. The drilling-tools eonsistof
a chisel-shaped steel-faced bit of the required
width, a long stem or rod into which the bit is
screwed, a pair of ' jars,' and above the jars
another rod. When a cable is used tbe upper
rod is attached to a rope soclcet holding the end
of the drilling cable, and the tools are suspended
from the oscillating beam by means of a long
serew provided at the lower end with jaivs which
grasp the cable. Upon the machinery being pnt
in motion the beam to which the tools are sus¬

pended commences to oscillate and the drill
rising and falling is caused to deliver a succes¬
sion of blows on the bottom of the well at the
rate of forty or fifty a minute. The jars may
be likened to two flattened liuks of a cliain, and
their function is to deliver an upward stroke to
loosen the bit if it should become jammed in the
rock. To this end the length of the cable is so
adjusted that the jars close a few inehes when
the bit strikes the bottom of the well. As the
drilling proceeds, the screw referred to is rotated
and thus the tools are gradually lowered. The
driller also at each stroke slightly alters the
position of the cutting edge of the bit by twist-
ing the cable. When a depth équivalent to the
length of the suspending screw has been drilled
or when the bit requires sharpening, the cable,
which passes from the jaws of the screw over a
pulley at the top of the derrick to a windlass
driven by the engine supplying motive power to
the beam, is tightened, and, the jaws having been
released from the cable, the oscillating beam is
disconneeted and the tools are drawn from tbe
well. When drilling through dry strata, suffi-
cient water is poured into the well to reduce the
détritus to a liquid condition, and upon tbe
withdrawal of the tools the pulverised rock sus¬
pended in the water is readily removed by means
of the ' sand-pump,' which is a long iron cylin-
der fumished at the bottom with a valve open-
ing inwards. The bit having meanwhile been
dressed, the opération of drilling is recom-
menced. The weight of the drilling tools
commonly exceeds a ton, and the cable is there-
fore necessarily of great strength, a two-incb
plain-laid cable being usually employed. Latterly
a wire rope has been successfully substituted for
the manilla cable. When rods are. employed in
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lieu of a cable they are generally screwed to the
jars without the intervention of the upper iron
stem of the cable tools, and are connected to the
oscillating beam by means of a chain passing
round the barrel of a small winch fixed to the
beam, by means of whichthe tools are gradually
lowered as the drilling proceeds. The rods are
about 37 feet long, and are made either of ash
or of iron. A cable is used to draw the tools
fromthe well (as in the case of cable drilling),
and it will readily be understood that as the
lengths of rod have to be successively unscrewed
and removed during this opération, and recon-
nected when the tools are again lowered into the
well, the opération of drilling occupies more
time with pôle tools than with cable, tools,
especially when the well is of considérable
depth. The pôle syscem, however, présents the
advantage of enabling the driller to rotate the
bit in tenacious soil. In what is known as the
Pauvelle System, which has been experimentally
employed, the rods are hollow, and, a stream of
water being forced through them under con¬
sidérable pressure, the détritus is continuously
washed out of the well. In order to prevent
caving, the wells are lined with iron casing,
which is lowered in successive lengths as the
drilling proceeds. The casing is connected by
riveting when of considérable diameter, but the
lengths of the smaller sizes of casing are screwed
together by means of a socket. When the casing
with which the well was commenced can no

longer be driven any lower, the diameter of the
well is decreased by the use of a smaller bit, and
a smaller ' string' of casing is inserted, it being
frequently found neeessary thus to reduce the
diameter of the well several times.

The diameters of the 261 wells in the Baku
district in 1889 were as under :

Inches tîumber of wells Inches Humber of

6 . 13 11 . 5

Gf . 1 12 . 39
7 . 2 121 . 6

7| . 2 14 . 45
8 . 31 15 2

8? 2 16 . 15
. 1 18 . 13

91 . 1 201 . 1

9| . 1 21 . 2
10 . 61 24 . 1

10} . 15 ? . 1

10} . 1

The time occupied in drilling averages from
six to eight months. Occasionally the breakage
of the tools in the well or of the cable during
the drilling causes great delay, the opération
of 1 fishing ' for the lost tools being frequently
one of considérable difficulty.

Mr. Peacock gives the average eost of a
well, including labour, derrick, boring tools,
pipes for casing, boiler, engine, &c., as 20,000
roubles, or about 2,0001. Mr. Chambers states
that the cost of a well from 700 to 1,000 feet in
depth is not less than 2,0001., and that a fair
average cost is 2.400Z. According to Vasilieff
the cost of 16 inch, 14 inch, and 12 inch casing
pipes for a well in the Baku oil-field, 600 feet
deep, amounts to 5101., the additional expense
for labour being 1,148Z. 12s., or with office

charges 1,3001. The rates of wages are as fol-
lows :—Engine-drivers, with a house, 81. to 101.
per month ; fitters, 5s. per day ; turners and
smiths, 6s. per day ; carpenters, 4s. per day ;
labourers, from 11. 10s. to 21. per month, except
in the case of Persians, who work for 11. to 11.4s.
per month. In the Bibi-Eibat field the owner of
the land supplies tlie neeessary plant and ma-
chinery, the drilling being contracted for at the
rate of 10 roubles for the first fathom of seven

feet, up to 90 roubles per fathom at the depth of
90 fathoms. The average rate of drilling is
asserted by this writer to be 140 feet per month.
The various estimâtes given of the average cost
of a well do not include the priee of the land.
In the Baku district the land generally belongs
to the operator, though some leases at a royalty
of one third of the production are held. Much
of the land originally belonged to the Govern¬
ment, and Mr. Chambera states that leases were
granted at merely nominal rental on royalty.
Mr. Peacock reports that the following sums
were paid for the petroleum lands surrounding
Baku :—For 170 desetines of Crown lands,
2,980,000 roubles ; for 175 desetines of private
lands, 2,028,000 roubles ; and for sundry other
tracts, about 100 desetines, about 1,000,000
roubles. Tested territory might, however, he
adds, be purchased in 1886 at half the priee
originally paid, and Crown lands on new terri-
tories could be leased at the rate of 10 roubles
per desetine, or about 21 acres. Colonel Stewart
asserts that plots of the petroleum-bearing lands
near Balakhani were granted by the Government
without payment to officiais and military offîeers
as rewards for services. Some petroleum lands
in this district have, however, he adds, a dis-
puted title, being claimed both by the Govern¬
ment and by the peasants. These appear to
have been Government lands in Persian times,
but, their value not being known, the peasants
were allowed to cultivate them and have
thus acquired a prescriptive right of owner-
ship.

Tools and machinery were in former years
obtained chiefly from foreign eountries, but there
are now many first-rate workshops in Baku
fully capable of supplying the local demand for
tools.

The immense pressure which the oil exerts
(estimated at as much in some cases as 300 lbs.
per square inch) nécessitâtes the provision of
spécial arrangements to prevent the oil from
making its way to the surface outside the casing.
In some instances an octagonal well about six
feet in diameter is sunk about forty feet, or as
far as may be neeessary to reach solid ground,
and the space between the walls of this well and
the iron casing is filled in with masonry in
cernent. In other instances the space is filled.
with puddled clay after the junction of the casing,
and the solid ground at the bottom of the ex-
cavated well has been eaulkedwith rope-paeking.
The average depth of the wells in the Balakhany-
Saboontehi field has gradually inereased from
420 feet in 1885 to 665 feet in 1889, and Mr.
Peacock estimâtes that.the level of the oil in this
field is lowered to the extent of 56 feet for every
500 million gallons extracted.

The depths of the 261 wells in the Baku
district in 1889 were as follows :
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Fatlioms of 7 feet
22 to 50
50 to 75
75 to 100

100 to 110
110 to 120
120 to 130
130 to 140
140 to 150
150 to 105
165 to 168

Number of wells
. 29
. 54
. 70
. 37 (3 fountains)

28 (6
23 (6
8(1
9 (2
2
1

The depth of the wells in tlie Illski district is,
according to Colonel Stewart, from 680 to 1,253
feet, while the diameter ranges from 20 inches
at the top to 10 inches at the bottom. In the
Kertch field the depth is between 800 and 1,000
feet, and the diameter from 12 inches down to
6 inches, or less.

TJpon the oil being ' struck ' the well usually
commences to spout with great violence, and in
order to eontrol the flow an iron cap with gâte
valve is attached to the casing. Messrs. Nobel
Brothers' wellNo. 32, finished with 8-inch casing
in June 1886, required four 8-inch gâte valves
to stop the flow, and while the well was produ-
cing more oil than could be pumped away through
three pipes of the respective diameters of 3 inches,
4 inches, and 6 inches, the pressure exerted
by the oil was so immense that the valves and
strong framework of timbers were blown away,
and the well discharged mud, stones, and oil for
fifteen days, when the flow ceased. It was
estimated that the well ejected during this period
about 100,000 barrels of oil, and the cessation
of the outflow was believed to be due to the

collapse of the casing at the bottom of the well.
The celebrated Droojba well spouted with sueh
violence that for four months it was uncontrol-
lable, ail attempts to affix a cap being fruitless.
The oil eolumn was from 100 to 300 feet in
height, and the surrounding country was deluged
with the oil. Moreover, the neighbouring
engine-houses and workshop were partially
buried in the' sand ejected with the oil, and
many claims were made for the damage thus
done. The estimâtes of the quantity of oil
lost ranged from 68,000,000 to 136,000,000
gallons. Mr. Marvin states that the Droojba
well spouted for 115 days before it was capped,
yielding 3,400 tons a day for 43 days, 1,600
tons a day for 31 days, 900 tons a day for 30
days, and 600 tons a day for 11 days. The
Markofi well, not far from the Droojba, spouted
in 1887 oil and sand to a height of 400 feet, and
on a windy day the oil spray was carried to a
distance of eight miles. In the previous year a
well drilled by Tagieff ejected for a time 11,000
tons per day.

According to Mr. Cliambers, the Mining
Company's well, struck in August 1887, at a
depth of 790 feet, flowed the full size of the pipe
(12 inches) to a height of 200 feet above the
derrick for sixty-nine days. Thelowest estimate
of the production for the sixty-nine days was
3,000,000 barrels, and of this about one-third
was lost, the capacity of the available tanks
being insufficient. So much sand was thrown
up with the oil that some one-story stone build¬
ings, about 15 feet high, within a hundred yards
of the well, were buried out of sight, and an area
of probably ten acres round the well was eovered

to a depth of from one to fifteen feet with samt
The production of the well, after sixty-nine days,
declined to 200 or 300 barrels per day, and the
efforts to resuscitate it were unsuceessful.

When visiting Baku in 1884, the writer sa»
one of Nobel's capped wells flowing. Upon the
opening of the valve the fountain rose to a
height of 100 feet with a mighty roar, and con-
tinued to play with undiminislied violence until
the valve was closed, forming a lake of oil to lee-
ward of the derrick.

The following particulars relate to the foun¬
tains, or flowing wells, in the Baku district, pro-
ducing in 1889 :

Depth in
(7 ft.) fathoms

Diameter in
inches

Number
of months

flowing
Sp.gr. of the

petrolenm

1111 10 4 •878
125 6 5 •884
1211 10 2 ■887
102 10 3 •865
1441 10 4 •878
1221 10 4 .•865
125» 10 4 •865
125 10 3 •868
114 10 3 •870
112 14 4 •872
108 10 2 •863
116 14 2 •873
1181 8 6 •886
140 6 9 •854
100 8 4 •899
124' 8 5 •876
142 10| 1 ■882
1301 6 7 •879

Wells in the Baku field which do not flow
cannot be pumped in the ordinary manner in
conséquence of the large amount of sand présent
in the oil—sometimes as much as 30 to 40 p.c.
The oil is aecordingly raised to the surface in
cylinders resembling the sand-pump used in
drilling. The cylinder commonly holds forty-
five gallons, and it is stated that from 18,000 to
20,000 gallons can be thus raised from eaehwell
in a working day of 10 hours. At Illski, how-
ever, the oil is comparatively free from sand and
can be raised with ordinary pumps. In this
district a number of wells are pumped by one
engine through the médium of rods connecte!
with an oscillating horizontal wheel. According
to Vasilieff the average yield of the wells in
active work in the Bakn district in 1885 was

thirty-two tons per well per day. The presence
of sand in the oil is attended with considérable
practical ineonvenience in the case of flowing
wells, the iron caps and valves being quickly eut
through by the attrition of the saud-laden oil.
The ordinary duration of production of the wells
may be said to be from two to nine years. The
Kormilitza or Wet-Nurse well gave for twelve
years 32,000 gallons per day, while Meerzoeff's
No. 5 well yielded 40,000 gallons per day for six
years.

The crude oil is usually eonducted from the
wells through wooden t.roughs into excavated
réservoirs where the sand is allowed to deposit.

1 Continuons fountains, the others flowing iutermit-
tently.
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From these réservoirs the oil is piped to the
refineries. Up to 1875 the crude oil was trans-
ported in barrels by means of Persian carts
termed ' arbas.' The arba is a primitive cart
irith two wheels of great diameter (8| to 9 feet).
The body of the cart held one barrel, and another
vas slung beneath the axle. Thousands of these
carts were in use, and as mueh as 100,0002. per
annum was paicl for the transport of the oil.
The first pipe-line from the wells to the re¬
fineries in the Tchorni Gorod or Black Town of
Baku, a distance of eight or nine miles, was laid
by Messrs. Nobel, and it was found necessaiy to
erect a number of watch-houses in whieh were

stationed armed men to preserve the pipe from
destruction by the proprietors of the arbas, who
recognised that their industry was threatened
with extinction. At the time of the writer's
visit to Baku in 1884 there were seven pipe¬
lines, but the number has been increased to
twenty-two. The internai diameter of some of
the lines is as much as eight inches.

From the wells at Illski to the refinery at
Novorossisk a three-inch pipe-line forty-seven
miles in length has been laid. There are five
pumping-stations on the line, fitted with Blake
pumps, but only three pumps are commonly
used, the remaining two being employed only in
winter when the oil flows sluggishly.

The spécifie gravity of Cauoasian crude pe-
troleum usually ranges from -850 to -875, that
of the mixed crude oil from the Balakhany-
Saboontchi field being, according to Mr.
Ckambers, -8(15. The colour is commonly dark-
brown by transmitted light, while the odour is
comparatively slight and not unpleasant. A
sample of the remarkable crude petroleum found
at Surakhani, submitted to the writer by Colonel
Stewart, was of amber colour and of the low
sp.gr. of '780. On the other hand, the writer
has received for examination a sample from
Tiflis of the density of -942. This sample was
hearly black in colour, almost free from odour,
and had a flashing-point of 320°F. (Abel test).
Among other samples examined by the writer
were the following : A sample marked 1 Naphthe
léger d'Usky,' of sp.gr. -853, and another of
sp.gr. -942, of brownish black colour, viseid con-
sistency, and having very little odour. One of
the Nobel Company's wells, which at first yielded
oil of sp.gr. -860, furnished, on being deepened,
oil of sp.gr. -854, but the spécifie gravities re-
corded in the table relating to the fountains in
the Baku district in 1889 show that the density
of the oil does not in ail cases diminish with
the increase in depth.

Among the researches which have been in¬
strumental in throwing light upon the chemical
composition of Caucasian petroleum may be
mentioned those of Beilstein and Kurbatow

(Ber. 13, 1813 ; O. J. 40, 159) ; Sehutzen-
berger and Jonine (C. R. 91, 823 ; O. J. 40,
705); Markownikow and Oglobini (C. J. 42,
390; 46,1276); and Le Bel (C. B. 103, 1017).
It has been demonstrated by these chemists that
the material consists mainly of hydrocarbons of
the sériés, isomeric both with the olefines,
or true homologues of ethylene, and with the
hexhydrides of the benzene hydrocarbons, or
paraffenes C„H,„ _ 0H6, obtained synthetically
byWreden. These hydrocarbons, termed naph-

thenes, closely resemble the paraffms, but are of
higher density than their isologues, and boil at
slightly lower températures than the isomeric
olefines and the normal paraffins containing the
same number of carbon-atoms, and at approxi-
mately the same températures as the syntheti¬
cally prepared paraffenes, as the following
examples indicate :—

Boiling-point
CsH16 (Normal octane) sp.gr. at0°C.'7188 124°C.
CkHlc(Octonaphthene) sp.gr. at 0°C/7714 119°C.
C,,H„6 sp.gr. at 17°C. -7655 202°C.
C12H21 sp.gr. at 0°C. -8027 19G°C.

The naphthenes are attacked by chlorine,
forming chlorinated derivatives ; but on oxida-
tion are completely destroyed without the forma¬
tion of characteristic products. The following
is a list of the hydrocarbons of this group which
have been isolated from Caucasian petroleum :—

Boiling-point
119°C.
136°C.

CSH10
c„h,8
0,„h2(
C„H.„

161°C.
180°C.

0,2^24
^14^28
C13H30

Boiling-point
19C°C.
240°C.
247°C.

Caucasian petroleum also contains benzenes
(pseudocumene, several isomers of cymene, and
of its next homologue) and other benzenoïd
hydrocarbons. Neutral and acid oxygenated
bodies are also présent, Markownikow having
found in a fraction boiling between 220° and
230°C. as much as 5'25 p.c. of oxygen.

Solid hydrocarbons only exist as a rule in
Caucasian petroleum in very small quantities.

The principal object of therefiner of Bussian
petroleum has hitherto been to effect the sépara¬
tion and purification of the kerosene or burning
oil, this being the most important product. The
percentage of kerosene obtainable from the
average crude petroleum of the Balakhany-
Saboontchi field formerly ranged from. 27 to
30 p.c., but improvements in distillation have
rendered it possible now to obtain as much as
35 p.c. of a product of satisfactory quality hav¬
ing a sp.gr. of -825, a flashing-point of 86°F.
(Abel test), and a pale-straw colour (nearly equal
to the grade of superfine white '). The sp.gr.
mentioned is much higher than that of United
States kerosene, but the Bussian oil possesses
higher capillary power, and can thus be satis-
factorily burned in ordinary lamps when of
greater density.

The Caspian Company made, at the time of
the writer's visit to Baku in 1884, three grades
of kerosene of the following characters :—

Sp.gr.
1. -815
2. -820
3. -821-822

Flashing-
point
30°C.
25°C.
22°C.

Yield from
crude oit

20 per cent.
33 ,, ,,

38 „ „

It is now required that the flashing-point for
shipment from Baku shall be not less than
28°C. (Abel test).

The yield of burning oil is therefore com¬
paratively small, and the product is consequently
relatively homogeneous. To this faet, the satis¬
factory burning quality of a product of so high a
sp.gr. is no doubt also partly due.

1 The colour is described in Baku as not inferior to 21,
superfine white being 2, and prime white 3.
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The most volatile products separated at the
Nobel refinery at the time of the writer's visit
were of the respective sp.grs. o£ -754 and -787.
The two products have been termed respectively
benzine and gasolene, but the more approximate
names of light benzine and heavy benzine are
now applied to them. Of these the crude oil
yields only a small p.c., but the demand is still
smaller. No product of a lower density than
•700 is manufacture! in Baku, the crude oil
yielding of benzine of sp.gr. -690, according to
Mr. Chambers, less than 1 p.c.

Besides kerosene or ordinary burning oil the
crude petroleum yields from 12 to 15 p.c. of a
heavy burning oil termed solar oil, or pyro-
naplitha, having a sp.gr. of about -865, and a
flashing-point of 205°F. (closed test). The yet
denser hydrocarbons are to some estent elassi-
fied by distillation into lubricating oils of various
grades, but the residue from the distillation of
the kerosene is very largely employed as fuel,
the demand for lubricating oils being small in
relation to the quantity of material available for
their manufacture.

Mr. Chambers has published in a Consular
report the following statement of the average
results of distillation :—

Illuminating oil . 30 per cent.
Lubricating oil . 20 ,, „

Solar oil and astatki 35 ,, „

Waste . . . 15 „ „

100

The refining of petroleum on the Caspian
seaboard is conducted principally in the Black
Town of Baku, where in 1889 there were 147
refîneries in opération. In 1870 there were
only 45 refineries, in 1879 there were 195. In
1885 the number had fallen to 130, the growth
of the large refineries in the interval having
caused the stoppage of 65 of the smaller
ones.

There were also in 1889 the following other
refineries in opération :—35 in St. Petersburg
and Moscow, eight in the central régions, six in
the southern, two in the western, one in the
Baltic provinces, one in the northern, one in
the south-western, and one in Poland.

The size of the establishments varies greatly.
The refineries of the principal firms have a large
distilling capacity, but the business of refining
is yet to some extent conducted in the huts
of the Tartars, where sometimes only a single
10-barrel still may be found. In these primi¬
tive Tartar refineries the arrangements for
distillation and treatment are imperfect, and
the product is consequently of inferior quality,
but the establishments of the principal re-
finers are provided with the most modem
appliances. The fuel used is the petroleum
residuum, and as this is employedby the smaller
refiners by allowing it to burn on the hearth of
the furnace, dense volumes of smoke areevolved.
To this black cloud, which in certain states
of the weather hangs over the neighbourhood of
the refineries like apall.the Black Town (Tchorni
Gorod) owes its name. In the larger refineries
the liquid fuel is burned by the aid of a steam
spray-producer and smokeless combustion is
tlius obtained.

Por the distillation of the kerosene, Note)
Brothers employ a System patente! by the late
Mr. Ludwig Nobel, whose lamented death wasa
loss not only to his own Company but to the en-
tire petroleum industry of Bussia. The plant
adopte! in this System consists of a sériés ol
connecte! horizontal cylindrical stills, usuallj
arranged in groups of fourteen, through which
the crude petroleum, previously heated, is cause!
to flow. The stills are heated to carefully-regn-
lated températures, corresponding with the vola-
tilising points of the products to be obtained from
them. In this manner from the first still of the
sériés, which is the least heated, the most vola¬
tile fraction is obtained, the boiling-point and
density of the products flowing from the separate
condensera connecte! with the stills increasing
with the température, until from the last still of
the sériés, which is the most highly heated, the
densest fraction which cari advantageously be
included in the kerosene is collected. Trom this
last still the residuum, which bears the name o[
astatki, or that of masut, flows into a storage
tank. There is a constant flow of heated crude
petroleum into the first still, and the process is
tlius continuous.1 Mr. Nobel informed the writer
that this process is peculiarly suite! to the dis¬
tillation of Caucasian kerosene, for the propor¬
tion of this product obtainable is, as already
stated, comparatively small, and the material
flowing through the stills is therefore not very
greatly altered in density by the opération. The
stills are usually 22 feet in length by 8 feet iu
diameter. The kerosene is treated at the Nobel
refinery in lead-lined agitators, holding about
57,000 gallons, with about 1^ p.c. of oil of vitriol,
the oil being afterwards washeà with water, and
finally with a solution of caustic soda. The
agitation of the oil with the acid, water, and
alkali is etïected by introdueing at the base ot
the agitator a blast of air. Upon the comple-
tion of the treatment the oil is transferred to
tanks, in which the complété séparation of water
is etïected, and is then in a fit state for distribu¬
tion.

■ The kerosene stills employed by the larger
refiners who have not adopted the System ot
continuous distillation are of the horizontal
cylindrical form, and hold over 4,000 impérial
gallons. As many as three or four charges are
' l'un ' in 24 hours.

The astatki, or residuum, which commonly
has a spécifie gravity of not less than -903, is dis-
tilled for the production of heavy burning oil and.
lubricating oils in smaller stills. At one of the
largest lubricating oil refineries the distillation is
conducted in horizontal cylindrical stills, holding
about 8,000 kilos., the charge being worked oî
in 24 hours, and the distille! products being
partially fractionated in air-condensers. The
distillation is assiste! by the use of superheated
steam. The process is usually continue! until
the distille! product has a sp.gr. of -915 to
■920, but in some cases the opération is sus¬
pende! when the distillate has a sp.gr. ot -912,
and a further quantity of astatki is added to-
the residue in the still, it being found that
a denser product can thus be obtained. The
distillate is fractionated by another distillation,

1 A continuous System of distillation bas 'also been.
adopted in tbe Schibaiefï refinery.
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the fii'st and second fractions, which are of the
respective sp.grs. of -865 and -875, being sold as
'
gas oil ' and ' clotli oil ' respectively, as they

are of too little viscosity to admit of their use as
lubricants. The next fraction (sp.gr. -885 to
•895) is sold as ' spindle oil,' the following (sp.gr.
■895 to '910) as 'machine oil,' and the last
(sp.gr. above '910) as ' cylinder oil.' From the
residue in the still a semi-solid product re-
sembling American vaseline is obtained by
adding the fraction of -865 sp.gr. in the pro¬
portion of one part to three parts of the re¬
sidue, and carefully continuing the distillation
with the aid of superheated steam. The purifi¬
cation of the lubricating oil distillâtes is some-
times effected by treating them with from 5 to
10 p.c. of oil of vitriol and afterwards with
slaked lime, the process being completed by a
final distillation. In other cases, the oil is
fimply treated with acid and alkali.

At the Nobel works the process of continuons
distillation is also adopted in the manufacture
of lubricating oils, the stills, which are 22 feet
in length by 10 feet in diameter, being arrangée!
in groups of nine. The manufacture of paraffin
is not carried on in Baku, the crude petroleum
containing but a very small percentage (about
J p.c.) of solid hydrocarbons, aud the lubricating
oils requiring no exposure to a low température
to çffect the séparation of such hydrocarbons
and thus fit them to resist cold without solidifi¬
cation. Accordingto Mr. Nobel, Caucasian crude
petroleum is stated to yield about 5 p.c. of
cylinder oil, besides upwards of 30 p.c. of other
lubricating oils of less density, and 1 p.c. of
vaseline, the remaining 14 p.c. consisting of
material suitable for use as liquid fuel. These
ligures, it will be observed, difier somewhat from
those already given on the authority of Mr.
Chambers.

The Eagosine Company manufacture the fol¬
lowing grades of lubricating oils ■

Sp.gr.
Extra heavy cylinder oil. . -920
Dark cylinder oil . . . -918 to -920
Cylinder and valve oil . . *912 „ -915
Engine machinery oil . . *905 „ "907

The lubricating oils manufactured by S. M.
Schibaieff & Co., Limited, are described as
follows

1. Benzine : two sorts, viz.—
(а) Light benzine : colourless ; used for

manufacturing india-rubber goods, and dis-
tilled at a température not below 130°C. or
266°F.

(б) Heavy benzine : of a pale-yellowish
colour, yielding 10 p.c. refuse when distilled at
a température as high as 150°C. or 302°F.

2. Iierosene : sp.gr. 0-830 ; two sorts—
(a) Safe ; flashing-point not less than 25°C.

or 77°F.
(b) Unsafe ; flashing-point below 25°C. or

77°F.
3. Astralin ; sp.gr. 0-850 ; of a pale-yellow¬

ish colour ; flashing-point less than 50°C. or
122°F.

4. Solar oil ; sp.gr. above 0-850, but not ex-
ceeding 0-880 ; flashing-point not below 80°C.
or 176°F.; may be of very pale yellowish
colour.

5. Lubricating oils ; sp.gr. from 0-880 and
upwards.

6. Crude oil ; sp.gr. from 0-850 to 0-880 ;
flashing-point below 70°C. or 158°F.

7. Mazut, or crude oil deprived of volatile
light substances by exposure to air ; sp.gr. above
0-880; flashing-point above 70°C. or 158°F. ;
and residue, locally called ' astatki,' flashing-
point not below 140°C. or 284°F.

8. The différent petroleum products in a solid
state—asphalte, ozokerit, &c.

9. Cerezine, paraffin, vaseline.
j 10. The différent greases, varnishes, and

mastics derived from petroleum.
The following ealculation of the cost of pro-

ducing kerosene from the crude oil was given by
Mr. Peacoek in 1886

Copecks
The production of 1 pood of kerosene

requires on the average 3 poods of
crude oil, at 2 copecks per pood, de-
livered at the refinery . . . Gï

Sulphuric acid lj
Caustic soda !
Labour 4

Cylinder oil
Engine oil
Spindle oil
Axle oil .

Pine oil .

Sp.gr.
•911 to -914
•905 „ -908
•896 „ -898
•909 „ -914
■865 „ -866

Bussian lubricating oils have at common tem¬
pératures much greater viscosity than American
lubricating oils of corresponding density, but
suffer a greater diminution in viscosity when
subjected to equal incréments of température.
Bussian lubricating oils also bear exposure to a
lower température without solidification, in con¬
séquence of the comparative absence of solid
hydrocarbons.

The following classification of Bussian petro¬
leum products was adopted at the Petroleum
Conférence held at Baku in 1886 :—

Total • 12|

The residue, amounting to 1J poods, may be
sold as liquid fuel at 2 copecks per pood, yield¬
ing 3 copecks to be deducted from the above
12J copecks. The cost of heating the stills is
not included, as allowance is made for that in
the quantity of crude oil specified. Interest on
capital invested in plant, expenses of wear and
tear, &a., are not charged in- the statement
given.

Colonel Stewart takes 3g poods of crude oil
as required for the production of 1 pood of kero¬
sene. He estimâtes the cost of this at the well
at 7 copecks, and adds 3 copecks for the chargo
for delivery through the pipe-line to the refinery
and other expenses ; thus bringing the cost of
the raw material to 10 copecks. The expenses
of refining he estimâtes as 5 copecks, and, de-
ducting 3 copecks as the value of the astatki, he
gives 12 copecks as the cost of production of a
pood of kerosene at Baku.

The writer has recently had occasion to in-
vestigate the matter, and he believes that the
following is a fair statement of cost :—■
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Copecks
Crude oil, 3J poods at 2 oopeeks . . 7
Cost of refining, including fuel, chemi-

cals, establishment expenses, &c. . 5%

Value of astatki, 1J poods at 4 copecks 6

Net cost of 1 pood of kerosene delivered
in tank-waggons at the reflnery . 6J

or about id. per gallon.
The value assigned to the crude oil is its

appn-oximate présent cost to those who have
their own wells.

The astatki or residuum is now very largely
used as fuel in Russia, both for steam-generating
and in metallurgical opérations. The steamers
on the Caspian Sea and the locomotives on
several lines of railway are driven by the em-
ployment of astatki, and, wherever the material
can be conveyed sufficiently cheaply, it com-
mands a ready sale. It is usually burned by
injecting it into the furnace in a condition of
spray'by means of a jet of steam, a large number
of différent forms of ' pulverisers ' having been
devised for the purpose. Its efficiency is about
twice that of an equal weight of coal, and its
use is obviously accompanied by a very considér¬
able saving in labour. The subject of the em-
ployment of astatki as fuel has been treated by
the writer in a paper read before the Society of
Chemical Industry,' and in the Cantor Lectures
on Petroleum at the Society of Arts.2 The suc-
cessful employmentof astatki as fuel for locomo¬
tives is largely due to the labours of Mr. Thomas
Urquhart, Locomotive Superintendent of the
Grazi-Tsaritzin Railway, South-East Russia,
whose valuable papers in Engineering, vol. xxxv.
(1883), and in the Proceedings of the Institute
of Mechanical Engineers for 1884 and 1888, may
advantageously be consulted by those who are
interested in the subject.

The manufacture of benzene, naphthalene,
and anthracene by the destructive distillation
of astatki in a cupola regenerative furnace has
been satisfactorily carried out experimentally on
a somewhat large scale by Messrs. Nobel. By
the first opération from 30-40 p.c. of tar, con-
taining from 15-17 p.c. of 50 p.c. benzol, is
obtained. By a second destructive distillation
of the tar, after the benzol has been separated,
70 p.c. of tar is obtained, containing from
7-10 p.c. of 50 p.c. benzol, 16 p.c. of naphthalene,
2-3 p.c., of dry ' green grease ' (or 30 p.c. anthra¬
cene) and 24 per cent, of pitcli. There is also
obtained in the process from each cubic foot of
astatki 75-100 cubic feet of gas, having an illu-
minating power about five times greater than
that of coal gas.

As Russia furnishes but little timber suitable
for the manufacture of barrels in which
American petroleum has until within the
past few years been so largely transported,
it became neeessary, at an early period of
the development of the Russian petroleum in¬
dustry, to make arrangements for the carriage
of petroleum in bulk. Accordingly, Messrs.

1 Journal of the Society of Chemical Industry, vol. iv.
(1885), p. 70.

3 Journal of the Society of Arts, vol. xxxiv. (1886).

Nobel Brothers, undeterred by the rvant ol
success which had attended previous efforts
to ship petroleum in tanks, had several tank
steamers eonstructed at Motala in Sweden, and
in these vessels, which have a capaeity of about
225,000 gallons each, the kerosene refined bj
this firm at Baku has for several years been
safely conveyed to themouth of the Volga, where
it is pumped into tank barges for conveyance up
the river. At Tsaritzin, 284 miles above Astra¬
khan, a large storage station has been established,
and here the oil is transferred to tank waggons
ou the raihvay, for conveyance to other storage
stations in the interior of Russia. Messrs.
Nobel's principal tank station is situated at
Domnino, near Orel, where this firm has 38
tanks, each holding nearly 600,000 gallons.
As the late Mr. Marvin has pointed out, an oil
train usually consists of 25 tank waggons, each
holding about 2,700 gallons of kerosene, or col-
lectively 67,500 gallons. Each storage tank,
therefore, holds about nine train-loads of oil,
and it thus requires 288 train-loads to fillthe
Domnino dépôt. From this centre, distribution
of the oil takes place in winter when the Volga
navigation is closed. Other firms have followed
the example of Messrs. Nobel.

The tank storage capaeity in Russia, exclu¬
sive of the tanks in Baku, at the end of 1886
was shown by the following list, compiled for
the Minister of Finance, to exceed 100,000,000
gallons : —

Gallons
Astrakhan . . 1,350,000
Tsaritzin . 31,500,000
Saratoff . 9,900,000
Batraki . 2,475,000
Nijni Novgorod . . 7,425,000
Perm .... . 1,350,000
Domnino (near Orel) . . 18,355,500
Grazi .... . 4,500,000
Moseow . 4,500,000
St. Petersbnrg . 3,600,000
Warsaw . 2,475,000
Libau.... . 1,224,000
Kieff .... 621,000
Rostoff on the Don 555,750
Kharkoff 527,400
Odessa . 2,700,000
Batoum . 20,250,000

Total . 113,268,650
The principal outlet for kerosene for export

is over the Trans-Caucasian railway to Batoum,
where the oil is shipped in bulk and in ' cases.'
The latter consist of two tin cans, holding four
impérial gallons each, in a wooden case, and
have long been employed in the shipmeut of
American oil to eountries where the barrel would
be an unsuitable package. There are in ser¬
vice on the Trans-Caucasian Railway 4,282 tank-
waggons, of which 1,400 belong to the railway
company and the remainder to the principal
refiners. The Trans-Caucasian Railway having
been originally carried over the Suram Pass,
with a gradient in some places as much as 1 in
22, the transport was both tedious and costly,
and in order to increase the earrying capaeity of
the railway, a pipe-line 38 miles in length has
been eonstructed between Mikhailovo at the
eastern end of the Pass, and Kviril at the western
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end, the oil being discharged from tlie tank-
waggons into tanks at the eastern end, and
pumped over the Pass. A railway tunnel under
the Pass lias also reeently been completed, and
this has added greatly to the carrying capaeity
of the line. Another project for the development
of the industry which has reoeived considérable
attention is the laying of a pipe-line for crude
petroleum from Baku to Batoum, a distance of
560 miles, which would, of course, involve the
érection of refineries on the Black Sea, and
wonld have the effeet of rendering the astatki
available for use as fuel on that sea.

The exports of crude petroleum and petro¬
leum products from Baku during the years 1889
and 1890 were as under :—

Viâ Caspian Sea :
1889. 1890.

Pools Poods
Kerosene . . 23,839,444 23,212,460
Lubricating oil . 347,723 558,130
Benzine . . 233,026 445,085
Astatki . . 82,237,035 88,893,700
Crude petroleum 3,531,845 5,534,300

110,189,073 118,643,675
Viâ Trans-Caucasian Railway :

Kerosene . . 37,272,238 44,094,040
lubricating oil . 3,018,327 4,042,770
Benzine . . 89,256 77,115
Astatki . . 6,433,407 8,228,000
Crude petroleum 559,900 814,400

47,373,128 57,256,325
Total Exrorts :

Kerosene . . 61,111,682 67,306,500
Lubricating oil . 3,366,050 4,600,900
Benzine . . 322,282 522,200
Astatki . . 88,670,442 97,121,700
Crude petroleum 4,091,745 6,348,700

157,562,201 175,900,000
Since January 27,1888, petroleum products

manufactured in Russia have been subject to
the following tax :—

1. Illuminating oils of sp.gr. -730--830 and
flashing-point below 113°F. (Abel-Pensky test)—
40 kopecks per pood.

2. Illuminating oils of sp.gr. greater than
■840--835, and flashing-point not below 113°F.
—30 kopecks per pood.

3. Illuminating oils of sp.gr. below '830, and
flashing-point not below 113°!?.—30 kopecks per
pood.

The tax is collected at the refineries, and is
refunded on ail oil exported. At the same date
the duty on foreign illuminating oils (petroleum)
imported into Russia was increased from 60
kopecks to 1 rouble gold per pood.

The Testes of Crude Petroleum and op

Petroleum Products.

1. Crude petroleum.—The examination of
crude petroleum which the chemist is called
upon to conduct in the laboratory for commercial
purposes usually includes the estimation of
water and sediment, the ascertaining of the
spécifie gravity, flashing-point, setting-point, and
viscosity, and the détermination of the per-
centage and character of the products yielded
on fractional distillation.

VOL. III.—T

The natural lubricatingoils (erudepetroleums)
of Pennsylvania, Ohio, West Virginia, and Ken-
tucky are classified by the West Virginia Trans¬
portation Company according to density, and
are subjected to the following test : —

' In receiving and making delivery of oils
shipped by the company, the water and sediment
contained therein shall be determined by mixing
an average sample with an equal quantity of
benzine,1 and subjecting the mixture to 120°F.
in a graduated glass vessel for not less than six
hours, after which the mixture cools and settles
not less than two hours for light grades, three
hours for A grade, four hours for B grade, six
hours for C grade, eight hours for D grade, and
eighteen hours for heavier grades.' The grades
are as follows :—

A. 37T° Baumé (about '838 sp.gr.) and
lighter.

B. 33° to 37°B. (-859 to -838 sp.gr.).
C. 31-6° to 32-9°B. (-870 to -859 sp.gr.).
D. 30-6° to 31-5°B. (-873 to -872 sp.gr.).
E. 29-6° to 30-5°B. (-877 to -873 sp.gr.).
E. 28-6° to 29'5°B. (-883 to -877 sp.gr.).
G. 28-5°B. (-883 sp.gr.) and heavier.
Ordinary crude petroleum, from which kero¬

sene and the other usual commercial products,
are manufactured, is in the United States re-

quired to conform to the following rule of the
New York Produce Exchange, except in regard
to density, as to which the restriction has been
relaxed, in conséquence of the fact that much of
the crude petroleum now obtained has a density
Baumé below 43° :—

' Crude petroleum shall be understood to be
pure natural oil, neither steamed nor treated,
free from water, sediment, or any other adultéra¬
tion, of the gravity of 43° to 48°B. (-809 to '786
sp.gr.).'

In order to détermine whether the petroleum
is a ' pure natural oil,' a sample is subjected to
fractional distillation, eaeh fraction being one-
tenth of the crude oil by volume, and the density
of the several distillâtes is determined. The
following results obtained in the examination of
two typical samples indicate the form of the
certificate handed to the buyer :

Oil from Parker District. Gravity 46° Baumé.
lst Product
2nd
3rd
4th
5th

72°B.
62°B.
57°B.
53°B.
49°B.

6th Product
7th
8th
9th

46°B.
42°B.
41°B.
42°B.

Oil from Bradford District. Gravity 43° Baumé.
lst Product . 71°B.
2nd
3rd
4th
5th

60°B.
54°B.
49°B.
45°B.

6th Product . 41°B.
7th „ . 40°B.
8th „ . 41°B.
9th „ . 42°B.

The régulai- gradation in the densities of the
fractions exhibited in the foregoing certificates
is taken to be a satisfactory indication that the
oil is a natural product.

The examination of a sample of crude
petroleum with the object of ascertaining the
percentage of commercial products obtainable is

1 In the case of the more viscous descriptions of petro¬
leum, the writer finds that further dilution is désirable.
The benzine used should be fully hydrated.
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not always an easy opération, especially when
rhe quantity available is small. The writer is
accustomed to conduet the fractional distillation
in a glass retort embedded in sand, and to com¬
pare the results obtained with those yielded by
samples of crude petroleum, the yield of products
from which on the commercial scale is known,
but even under these circumstances some expéri¬
ence is needed in certain cases. The difficultés
encountered arise from the circumstances that
in practice in the United States some of the
intermediate hydrocarbons are ' cracked,' and
thus conyerted into kerosene to a larger extent
than usually occurs when the distillation is con-
ducted in a small retort in the laboratory, and
that, on the other hand, the heavy hydrocarbons
composing the lubrieating oil are less ' cracked '
when properly distilled with the aid of steam on
the large scale than when distilled on the small
scale. The détermination of the percentage of
solid hydrocarbons is also attended with con¬
sidérable difficulties when the quantity of material
operated upon is small. In every case the aim
should be to reproduce as far as possible the
conditions of practical working.

2. Petroleum spirit. In the testing of petro¬
leum spirit, including gasoline, benzine, &c., it
is usual to détermine the spécifie gravity and
boiling-point, and it is sometimes désirable to
make a fractional distillation of the material.
Deodorised American petroleum spirit should
have no disagreeable odour either in bulk or
when evaporated on the hand. A small quantity
evaporated in a basin over the water-bath should
leave no oily residue. When petroleum spirit is
used as a turpentine-substitute in paints it is
important that it should contain no sulphur
compounds. For the détection of these Allen 1
recommends that the sample be boiled for a few
minutes with alcohol and a few drops of am-
monia, and that nitrate of silver solution be then
added, when there should be no brown coloura-
tion.

The presence of sulphuric acid may be de-
tected by agitating the spirit with warm water,
separating the water (which should exhibit no
acid reaction), and adding to it a few drops of
barium chloride solution.

3. Kerosene. For ordinary commercial pur-
poses the only characteristies which are noted
in the examination of kerosene are the colour,
the odour, the spécifie gravity, and the flashing
point or fire-test. In certain cases, however,
spécial tests are appliedwith theobject of ascer-
taining whether the oil is of satisfactory burning
quality, is of natural composition, bas been pro¬
perly treated with acid, has been sufficiently
washed, and is free from sulphuric acid, sul-
phonates, and sulphur in other forms.

(a) Colour.—Formerly it was the practice to
estimate the colour of a sample by comparing it
with that of a standard sample, the two oils
being placed in bottles of the same size. Such
a method did not, however, admit of an accurate
comparison being made, and in the year 1870
the writer adopted the plan of plaeing the
samples in long glass cylinders which were held
in a frame in such manner that the images of
the glass bottoms of the cylinders could be viewed

1 Commercial Organic Aualysis, vol. ii.

side by side in a mirror. This arrangement was
found to présent marlced advantages in the case
of a fluorescent liquid like petroleum, but the
System was open to the objection that the
standard samples were very liable to become
altered in colour, and required to be frequently
verified and corrected by experts. Moreover,
the adoption by the Petroleum Association of
London of précisé conditions of contract neces-
sitated the provision of a more accurate and
unerring test of colour. Accordingly, the Com.
mittee of the Petroleum Association decided,
under the advice of the writer, to employ an
instrument devised by Mr. E. P. Wilson foi
use with stained glass standards. This appa-
ratus (fig. 2), which has for the past twenty

Fig. 2.

years admirably fulfilled the object in view, con-
sists of two similar tubes, closed at each end ty
a screw cap carrying a dise of stout glass. These
tubes are placed on a stand at a convenient
angle above a small mirror, by means of which
light is reflected upwards through them. At the
upper ends of tbe tubes is a box containing two
pairs of prisms so arranged that the light pass-
ing from tbe mirror is twice reflected, and is
thus brought into an eye-pieee surmounting the
box. One of tbe tubes is completely filled with
the sample of oil to be tested, the length of the
column of liquid being sixteen inches, and be-
neath the other tube, which remains empty, a
dise of stained glass is placed. On applying the
eye to the eye-piece the circular field is seen to
be divided through the centre by a sharp line
formed by the junction of the prisms, the two
halves being tinted to an extent correspondinj
with the colour of the oil and that of the standard
glass respectively. The glass standards repre-
senting the various grades of colour recognised
in the trade are prepared by Mr. Eobert Eed-
wood. They are five in number, and are thus
designated :

1. Water white.
2. Superfine white.
3. Prime white.
4. Standard white.
5. Good merehantable.
The Wilson chromometer admits of an accu¬

rate comparison being made, but where the colour
of the sample lies between those of two stan¬
dards, there is an absence of précision in the
statement of the resuit of the test. This has
not hitherto been found to be attended with any
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practical inconvenience where the instrument
is simply used for ordinary routine work, but
the writer has, during recent years, frequently
found it necessary to record the précisé colour of

or to state by how much that colour

Fig. 3.

a. Case. a. Opening for passage of light to reflector.
b, c. Cylinder, with glass bottom, for oil uiider examina-
tion. "k. Hand-wlieel for raising or lowering cylinder b, c.
m. Graduated scaleshowing length of colurnn ofoilthrougli
which light is passing. o. Optical arrangement (prisms
and eyepiece). p. Reflector to project liglit upwards
through the parallel tubes and the prisms into the eyepiece.
I. Tube closed at the bottom by a glass plate, u. Coloured
glass dise. x. Screw on which the optical arrangement
may be turned to insert or remove the dise u. z. Tube
open at both ends.

falls short of a stipulated grade. To meet this
want a modification of the chrornometer already
described was designed by Stammer. In this
apparatus there is a provision for shortening
the length of the column of oil, so that, starting

with a standard of somewhat paler tint than the
oil, the colour of the oil may be registered in
tenus of the standard. Messrs. Schmidt and
Haensch, the well-known philosophical instru¬
ment makers of Berlin, have devoted a good
deal of attention to the improvement of Stam-
mer's original instrument, and have devised a
colorimeter which the writer has used, and of
which he has formed a very favourable opinion.
In the construction of this apparatus (fig. 3)
Messrs. Schmidt and Haensch have desired to

provide for the use of only one glass standard,
so that ail recorded déterminations of colour may
be strictly comparable. This would be a distinct
advantage, since the relation between the various
standards enumerated is a purely arbitrary one ;
but unfortunately the range of colour is neces-
sarily so wide that if a standard suitable for
water-white oil is employed, the column needs
to be so much deereased in length for oils of
comparatively dark colour that the sensitiveness
of the instrument is seriously impaired. To
overeome this defect, Mr. Kobert Eedwood has
made several important altérations in the in¬
strument, which, while largely increasing its
sensitiveness, admit of the colour of any sample
of kerosene being preeisely recorded on a scale
ranging from water white (1) to good merchant-
able (5), the space between any two of the
colours being divided into ten equal parts, so
that the colour of a sample midway between
water white and superfine white would be ex-
pressed as 1*5. This ' chromograph ' has been
in use in the writer's laboratory during the past
two years, and has given very satisfactory re-
sults.

(b) Odour.—The détermination of odour re-
quires considérable experience, as it is neees-
sarilv a matter of judgment, and due considéra¬
tion has to be given to the origin and grade of
the oil. The points to be noticed are whether
the odour is indicative of defective refining, and
in the case of oil in barrels whether there is
evidence in the odour that the glue with which
the barrels are coated internally has become de-
composed. It is usual to certify that the odour
is good merchantable, or not good merchantable,
as the case may be.

(c) Spécifie gravity.—This is ordinarily de-
termined by the use of a hydrometer, but in the
case of oil imported in bulk, where the weight
of the oil is calculated from the volume at a

given température, the writer is accustomed to
rnake use also of the spécifie gravity bottle.

(cl) Flasliing-point and fire-test.— This is,
at any rate from one point of view, by far the
most important test to which kerosene is sub-
jected, since the petroleum trade is in most parts
of the world conducted under légal restrictions
in regard to the température at which the oil
either commences to evolve inflammable vapour
or takes fire and continues to burn. The manu¬

facturer of kerosene has on the one hand to
avoid introdueing into or leaving in the oil such
of the more volatile hydrocarbons as would
either actually or in the opinion of the Législature
render the fluid unsafe for use in lamps of the
ordinary construction, and on the other hand
to arrest the collection of the kerosene distillate
before the process of distillation has resulted in
the addition to the product of the denser hydro-
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carbons iu such quantity as to impair the burn-
ing quality. The limitation ot the spécifie
gravity was found to be an effectuai means of
preventing the introduction into the oil of an
undue proportion of the denser hydrocarbons,
but afforded no check upon the inflammability
of the oil ; accordingly, in the early days of the
petroleum industry, it Was customary in the
United States to test the oil by pouring it upon
warm water and applying a lighted taper to the
surface, or by warming the oil in a cup placed
in hot rvater, and applying a flanie, the tempéra¬
ture at which the oil gave off ignitable vapour
being termed the ' flâshing-point,' and that at
which it took fire the 'fire-test.' When, how-
ever, it became recognised that légal restrictions
in regard to the inflammability of kerosene were
necessary in the interests of publie safety, spécial
forms of apparatus for the testing of flashing-

point and igniting-point were
devised. Tlreearliestof these
testing instruments, known
as Tagliabue's open eup-
tester (fig. 4), was con-
structed by an instrument-
fnaker of that name in New
York. It consists simply of
a glass cup to hold the oil,
placed in a small copper
water-bath, heated by a spirit
lamp. A thermometer is
suspended in the oil, and
the température is noted at
which, on passing a lighted
splinter of wood across the
surface of the oil, there is
either a flash of ignited
vapour, or on a further in-
crease of température the
oil ignites and continues to
burn. Tne English Petro¬
leum Act, passed on July 29,
1862, provided that ' Petro¬
leum for the purposes of
this Act shall include any
product thereof that gives
off an inflammable vapour
at less than 100° of Fahren-
heit's thermometer.' The

Fie. 4. method of testing was, how-
ever, not defined, and the

Act was praetically inoperative. Accordingly,
on July 18, 1868, an amending Act was passed,
which preseribed the form of apparatus and
method of testing to be adopted, and defined
' petroleum ' for the purposes of the two Acts as
including ' ail such rock oil, Rangoon oil, Bur-
rnah oil, any product of them, and any oil made
from petroleum, coal, schist, shale, peat, or other
bituminous substance, and any product of them,
as gives off an inflammable vapour at a tem¬
pérature of less than 100° of Fahrenheit's ther¬
mometer.' The preseribed apparatus for testing
consists of a slightly eonical oil cup of thin
sheet-iron, provided with a flat rim, and a raised
edge y in. high. Across the cup and fixed to or
resting on the edge is a wire, which is thus \ in.
above the flat rim. The oil-cup is supported by
the rim'in a tin water-bath. The outer vessel
having been filled with ' cold or nearly eold
water,' as much of the oil to be tested is poured

into the cup as will fill it without flowing over
the flat rim, and a thermometer with a round
bulb, and so graduated that every 10°F. occupies
not less than £ in. on the scale, is then suspended
in the oil so that the bulb is immersed about
lj in. beneath the surface. A screen of paste-
board or wood of specified dimensions having
been placed round the apparatus, a ' small ' flame
is applied to the bottom of the water-bath, and
when the température of the oil bas reached
90°F., a ' very small ' flame is passed across the
surface of the oil on a level with the wire, this
application of the test-fiame being repeated for
every rise of ' two or three ' degrees in tempéra¬
ture, until a ' pale-blue flicker or flash ' is pro-
duced. The température at which this occurs
having been noted, the experiment is repeated
with a fresh sample of the oil, withdrawing the
source of heat when the température approaches
that noted in the first experiment, and applying
the test-fiame at every rise of two degrees.1

The greater part of the earlier petroleum
législation in the United States was based upon
fire-test and not upon flashing-point, but in
several of the States the petroleum laws no*
prescribe a test of flashing-point. In 1879
the New York Produce Exchange adopted the
Saybolt Electric Tester (fig. 5), which is an open

Fret. 5.

cup instrument wherein the ignition is effected
by means of an electric spark from a small in¬
duction coil, the spark being caused to pass
when required between platinum points at a
fixed distance above the surface of the oil. The
officiai directions for the use of the apparatus
are as follows -

' Fill the métal bath with water, leaving
room for displacement by the glass cup. Heat
the water until the bath thermometer indicates
100°F., at which point remove the lamp. Fill
the glass cup with oil to top line, indicated by
the rim surrounding cup, which is one-eighth of
an inch below top edge of the cup. See that
there is no oil on the outside of the cup, nor
upon the upper level edge, using paper to clean
cup in preference to cotton or woollen material.
See that the surface of the oil is free from air

1 The use of the English open-cup instrument, with a
test standard of 110°F., was preseribed by law in NewSouth
"VVales and Queensland, and with a standard of 100°F. in
Victoria.IRIS - LILLIAD - Université Lille 1
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bubbles before first flash is produeed. Lift
the cup steadily with left hand and place in the
bath. Suspend the thermometer with the bulb
of same immersed just from view under the
surface of oil. Adjust the flashing bar and im-
merse the battery zincs in fluid. Try for first
flash every degree until the same is obtained.
Attain flash by producing spark with one stroke
of the key. The stroke on the key should be
such as in telegraphy is used to produce what is
called a dot, that is a short quick stroke. The
first flash produeed from 110° test oil is gener-
ally obtained when the température of the oil has
arrived at 90°. The température of the bath
at 100° (as per note above) avili carry the oil to
about 90°, or, in other words, to about the first
flashing-point, without the aid of a lamp. When
the thermometer in the oil indicates 90°, intro-
duce lamp under the bath, and do not remove
until the opération is finished. The tempéra¬
ture of oil when placed in bath should not be
lower than 55° nor higher than 70°F. The
flashing bar must be free from oil before adjust-
ing for test. Drafts of air must be excluded
from the apartment wherein tests are made.
Oil of 110° and upwards shall (after first
flash) be flashed at 95, 100, 104, 108, 110, 112,
115. Oil of 120° and upwards, after first flash,
100,105, 110, 115, 118, 120, 122, 125. Oil of
130° and upwards, every five degrees after first
flash, until burning-point.'

Prior to the introduction of the Saybolt
Tester, Arnaboldi constructed an open cup tester
similar to Tagliabue's, but of greater capacity,
and provided with a meehanical arrangement
for passing the test-flame over the oil.

The directions for applying the test given in
the English Petroleum Act of 1868 were found
to be insufficiently précisé, and much différence
of opinion existed as to the interprétation of
the words ' small flame ' and ' very small flame,'
with the resuit that dealers were proceeded
against, and in some cases convicted of selling
kerosene declared by the local authorities to
have a flashing-point below the légal limit of
100°F., but which had been tested by indepen-
dent experts with satisfactory results. Moreover,
the open-cup system of testing was found by
experience to be incapable of furnishing trust-
worthy results in thehands of the comparatively
inexperienced and unskilled persons frequently
employed by the local authorities.

Accordingly, Mr. Keates, in his capacity of
Consulting chemist of the Metropolitan Board
of Works, suggested the substitution of a elosed
cup (fig. 6) for the open one, and in 1871 a Bill to
légalisé this altération, as well as to amend the
law in several other respects, was introduced
into Parliament. In conséquence, however, of
the test standard or limit having been fixed by Mr.
Keates at a point (85°) which it was contended
was considerably higher than the équivalent of
the existing standard, the Bill was opposed by the
petroleum trade, and the proposai to change the
form of apparatuswas withdrawn ; the Bill, which
passed through the final stage on August 11 in that
year, repealing the two previous Acts, but again
prescribing the use of the open test specified in
the Act of 1868. In the following year the
subject of petroleum testing was inquired into
by a Select Committee of the House of Lords,

Fig. 6.

and a great deal of conflicting evidence was
taken, but no satisfactory conclusion was arrived
at. Therefore, in July 1875, with the concur¬
rence and approval of the Metropolitan Board
of Works and of the
Petroleum Association,
Sir Frederick Abel was

requestedbythe Govern¬
ment to undertake an

investigation with the
object of placing the
subject of petroleum
testing upon a satisfac¬
tory basis. The formu-
lated questions sub-
mitted to Sir Frederick
Abel were the following :

'1. Whether the me-

thod of testing petroleum
as prescribed in Sehe-
dule 1 of the Petroleum
Act, 1871 (34 & 35 Vict.
c. 105), is such as uni-
formly to ensure reliable
and satisfactory results.

' 2. If not, what al¬
térations in the method
of testing petroleum
should be adopted to se-
cure such results, due
regard being had to the
fact that the testing
must, in many instances,
be carried out by persons wlio have had com¬
paratively little experience in conducting déli¬
cate experiments.

'3. Assuming it to be, in your opinion, désir¬
able to obtain a " flashing-test " for petroleum,
whether the présent " flashing-point " of 100°F.
(or its équivalent under any modified method of
testing which you may propose) is, in your
judgment, calculated to afford adéquate protec¬
tion to the public, without unduly interfering
with or restrieting the trade ; if not, what altéra¬
tion in this respect should be made.'

After a prolonged and exhaustive expéri¬
mental inquiry, in which Dr. Kellner rendered
valuable assistance, Sir Frederick Abel pre-
sented to the Secretary of State an elaborate
report, dated August 12,1876, wherein the ques¬
tions enumerated were thus answered :

(1.) The method of testing petroleum as
prescribed in schedule 1 of the Petroleum Act,
1871 (34 & 35 Vict. e. 105), is not • of a nature
unifo'rmly to ensure reliable and satisfactory
results.'

(2.) A method of testing petroleum has been
elaborated for adoption in place of that pre¬
scribed by the Petroleum Act 1871, due regard
having been had to the fact ' that the testing
must in many instances be carried out by per¬
sons who have had comparatively little ex¬
perience in conducting delieate experiments.'
This method, while resembling in its général
nature the one hitherto used, is free from the
defects inherent in the latter, and is so arranged
that it can be carried out, with the certainty of
furnishing uniform and précisé results, by per¬
sons possessing no sp'ecial knowledge. or skill in
manipulation. With ordinary attention in the
first instance to simple instructions, différent
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It will be obvieras that the détermination ci
the équivalent test standard was not an easv
part of Sir Frederick Abel's task, since the Abel
tester furnishes no exception to the rule that
the flashing-point of a given example of petvo-
leum is far lower in a closed than in an open
vessel, and it was therefore necessary to deal
with the conflicting views already referred to as
to the proper mode of conducting the test with
the open-cup instrument in order to détermine
the équivalent standard. The writer was en-
abled to assist Sir Frederick Abel in the conduct
of this portion of the inquiry, but before the
test standard was even provisionally fixed, Mr.
T. W. Keates, as representing the Metropolitaa
Board of Works, and Mr. John Caldenvood, ot

Fis. 0.

operators cannot fail to obtain concordant re-
sults with it, and it is so nearly automatic in
its nature that it is not, like the présent method
of -testing, susceptible of manipulation so as to
furnish différent results at the will of the
operator.

(3.) There are not, in my judgment, any
well-established grounds for considering that
the présent flashing-point of 100°F. is not
' calculated to afford adéquate protection to the
public.'

(•t.) With the employment of the new test,
a "minimum flashing-point should therefore be
adopted, whieh is équivalent, or as nearly as
possible so, to the flashing-point of 100°F.,
as furnished by the présent test.

FIG. 8.Fig. 7.

behalf of the Scottish Minerai Oil Association,
were also consulted. Eventually, as the resuit
of the joint experiments, it was ascertained
that the différence between the flashing-points
obtained with the open-cup instrument and the
Abel tester ranged from 25° to 29°F. Adopting
the mean différence of 27°, the new standard
was accordingly fixed at 73°F.

. After the présentation of the report, the
writer proceeded to apply the two tests to 1,000
représentative samples of kerosene, with the
resuit that the figures provisionally adopted were
confirmed.

The ultimate outeome of Sir Frederick Abel's
painstaking investigation was the légalisation by
Parliament, on August 11, 1879, of what is now

so well known as the Abel Test. The instru¬
ment and its use are thus described in the
Petroleum Act :—

Fiest Schedcle.—Mode of testing petroleum
so as to ascertain the température at whick it
will give off inflammable vapour.

Spécification of the test apparatus
(figs. 7, 8 and 9).

The following is a description of the détails
ûf the apparatus :—

The oil cup (fig. 7) consists of a cylindrical
vessel 2" diameter, 2-^" height (internai), with
outward prôjecting rim jg" wide, from the top,
and 1§" from the bottom of the cup. It is made
of gun-metal or brass (17 B.W.G-.) tinned inside.
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A braclct, consisting of a short stout pieoe of
wire bent upwards and terminating in a point,
is fixed to the inside of the cup to serve as a
gauge. The distance of the point froin the bottom
of the cup is If". The cup is provided with
a close-fitting overlapping cover made of brass
(22 B.W.G.), which carries the thermometer and
test lamp. The latter is suspended from two
supports from the side by means of trunnions,
upon which it may be made to oseillate ; it is
provided with a spout, the mouth of which is
one-sixteenth of an inch in diameter. The sooket
which is to hold the thermometer is fixed at such
an angle and its length is so adjusted that the
bulb of the thermometer, when inserted to its
full depth, shall be 11" below the centre of the
lid.

The cover is provided with three square
holes—one in the centre, by and two
smaller ones, A" by A", close to the sides and
opposite each other. These three holes may be
■closed and uncovered by means of a slide moving
in grooves, and having perforations corresponding
to those on the lid.

In moving the slide so as to uncover the
holes, the oscillating lamp is caught by a pin
fixed in the slide, and tilted in sucli a way as to
bring the end of the spout just below the surface
■of the lid (fig. 8). Upon the_ slide being pushed
back so as to cover the holes, the lamp returns
to its original position.

Upon the cover, in front of and in line with
the mouth of the lamp, is fixed a white bead,
the dimensions of which represent the size of
the test-flame to be used.

The bath or heating vessel (fig. 9) consists of
two flat-bottomed copper cylinders (24 B.W.G.)—
an inner one of 3" diameter and 21" height, and
an outer one of 51" diameter and 5J" height ;
they are soldered to a circular copper plate
■(20 B.W.G.) perforated in the centre, which forms
the top of the bath, in such a manner as to in¬
close the space between the two cylinders, but
leaving access to the inner cylinder. The top
of the bath projects both outwards and inwards
about ; that is, its diameter is about §" greaier
than the body of the bath, while the diameter of
the circular opening in the centre is about the
same amount less than that of the inner copper
cylinder. To the inner projection of the top is
fastened, by six small screws, a fiât ring of
ebonite, the screws being sunk below the surface
of the ebonite to avoid metallie contact between
the bath and the oil cup. The exact distance
between the sides and bottom of the bath and
of the oil lamp is one-half of an inch. A split
socket similar to that on the cover of the oil cup,
but set at a right angle, allows a thermometer
to be inserted into the space between the two
cylinders. The bath is further provided with
a funnel, an overflow pipe, and two loop
handles.

The bath rests upon a cast-iron tripod stand,
to the ring of which is attached a copper cylinder
or jacket (24 B.W.G.) flanged at the top, and of
such dimensions that- the bath, while firmly
resting on the iron ring, just touches with its
projecting top the inward-t.urned flange. The
diameter of this outer jacket is 61". One of the
three legs of the stand serves as a support for
the spirit lamp attached to it by means of

a small swing bracket. The distance of the
wick holder from the bottom of the bath is 1".

Two thermometers are provided with the
apparatus—the one for ascertaining the tem¬
pérature of the bath, the other for determining
the flashing-point. The thermometer for ascer¬
taining the température of the water has a long
bulb and a space at the top. Its range is from
about 90° to 190° Fahrenheit. The scale (in
degrees of Fahrenheit) is marked on an ivory
back fastened to the tube in the usual way. It
is fitted with a métal collar, fitting the socket,
and the part of the tube below the scale should
have a length of about, 31", measured from the
lower end of the scale to the end of the bulb.
The thermometer for ascertaining the tempéra¬
ture of the oil is fitted with collar and ivory scale
in a similar manner to the one described. Ithas
a round bulb, a space at the top, and ranges from
about 55°F. to 150°F. ; it measures from end of
ivory back to bulb 1\".

Note.—A model apparatus is deposited at
the Weights and Measures Department of the
Board of Trade.

Directions for applying the flashing-test.
1. The test apparatus is to be placed for use

in a position where it is not exposed to currents
of air or draughts.

2. The heating vessel or water-bath is filled
by pouring water into the funnel until it begins
to flow out at the spout of the vessel. The tem¬
pérature of the water at the commencement of
the test is to be 130° Fahrenheit, and this is at-
tained in the first instance either by mixing hot
and cold water in the bath, or in a vessel from
which the bath is filled, until the thermometer
which is provided for testing the température of
the water gives the proper indication; or by
heating the water with the spirit lamp (which
is attached to the stand of the apparatus) until
the required température is indicated.

If the water has been heated too highly, it is
easily reduced to 130° by pouring in cold water
little by little (to replace a portion of the warm
water) until the thermometer gives the proper
reading.

When a test has been completed, this water-
bath is again raised to 130°-by plaeing the lamp
underneath, and the resuit is readily obtained
while the petroleum cup is being emptied, cooled,
and refîlled with a fresh sample to be tested.
The lamp is then turned on its swivel from under
the apparatus, and the next test is proceeded
with. .

3. The test lamp is prepared for use by
fitting it with a piece of flat plaited candle-wick,
and fïlling it with colza or rape oil up to the
lower edge of the opening of the spout or wick
tube. The lamp is trimmed so that when lighted
it gives a flame of about 0T5 of an inch diameter,
and this size of flame, which is represented by
the projecting white bead on the cover of the
oil cup, is readily maintained by simple manipu¬
lation from time to time with a small wire
trimmer.

When gas is available it may be conveniently
used in place of the little oil-lamp, and for this
purpose a test-flame arrangement for use with
gas may be substituted for the lamp.
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4. The bath having been raised to the proper
température, the oil to be tested is introduced
into the petroleum eup, being poured in slowly
until the level ot the liquid just reaehes the
point of the gauge which is fixed in the cup.
In warm weather the température of the room
in which the samples to be tested have been kept
should be observed in the first instance, and if
it exceeds 65° the samples to be tested should
be cooled down (to about 60°) by immersing the
bottles containing them in cold water, or by any

lum,' which has been fixed in a eonvenient posi¬
tion in front of the operator, is set in motion,
and the rise of the thermometer in the petroleum
cup is watched. When the température has
reached about 66° the opération of testing is to
be commenced, the test flame being applied once
for every rise of one degree in the following
manner :—

The slide is slowly drawn open while the
1 The pendulum is 24 inches in length from the point of

suspension to the centre of gravity of the weight. The
writer has found it eonvenient to employ a synehronised
métronome.

other eonvenient method. The lid of the cup,
with the slide closed, is then put on, andthecup
is placed into the bath or heating vessel. The
thermometer in the lid of the cup has been
adjusted so as to have its bulb just immersed in
the liquid, and its position is not under any cir-
cumstances to be altered. When the cup has
been placed in the proper position, the scale of
the thermometer faces the operator.

5. The test-lamp is then placed in position
upon the lid of the cup, the lead line or pendu-

jpuq;
©

pendulum performs three oscillations and is
closed during the fourth oscillation.

Note.—If it is desired to employ the test ap-
paratus to détermine the flashing-point of oils of
very low volatility, the mode of proceeding is to
be modifîed as follows : —

The air-chamber which surrounds the cup is
filled with cold water to a depth of 1J inches,
and the heating-vessel or water-bath is filled as
usual, but also with cold water. The lamp is
then placed under the apparatus, and keptthere
during the entire opération. If a very heavy oil
is being dealt with, the opération may be com-

Pig. 10.
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menced with water previously heated to 120°
instead of with cold water.

In 1880 the subject of petroleum-testing was
investigated in Germany by the direction of the
Government, and a considérable number of ex-

periments were made with différent forms of
apparatus. Eventually the Abel instrument was
selected as the best, but exception was taken to
the personal error liable to be introduced by the
method of applying the test-flame, and accord-,
ingly a clockwork arrangement for moving the
test-slideand bringingthe igniting flameto there-
quired position was added (fig. 10). The clockwork
inovement, which is fixed to the cover of the oil
cup, is wound up prior to each application of the
test-flame, and is released by pressing a trigger
as the mercury in the thermometer reaches each
1°C. The mechanism is so adjusted that the
rate of opening and closing the test-orifice is
properly timed, and the operator is therefore re-
lieved from the necessity of timing the move-
ment by the aid of a pendulum. The English
Abel-apparatus is provided with both oil-lamp
and gas arrangement for igniting the vapour,
but the German instrument has the oil lamp
only, as it was found that the two appliances did
not give in ail cases concordant results, and
petroleum has advantageously been substituted
for colza oil for use in the test-lamp.

Before the Abel tester had been very long in
use it was found that the results afforded were

materially affected by the amount of atmospheric
pressure. This source of variation in flashing-
point had not previously reeeived attention, and
was first accidentally observed in Germany. As
the resuit of a sériés of experiments conducted
in an air-tight chamber in the Jewish Hospital
in Berlin at différent atmospheric pressures it
was found that the différence in flashing-point
amounted to about 0'30°C. for 10 mm. in the
height of the barometric column, and aecordingly
a table of corrections was framed on this basis
for use with the Abel tester in Germany. With
the object of procuring some tangible evidence
of the effect of barometric changes upon the
flashing-point, the writer conducted, in associa¬
tion with Sir Frederick Abel, a sériés of tests at
différent altitudes in Switzerland, and obtained
corroborative results, the observed variations in
flashing-point being at the rate of 2°F. for 1 inch
of barometric pressure. These experiments
were, however, not made with a view of deter-
mining with précision the extent of variation, the
number of tests made in the limited time being
too few to justify the basing of a table of cor¬
rections on the results.

At a later date an additional source of dis-
crepancies in the results afforded by the Abel
instrument was diseovered in the effect of a

tropical température upon the libération of
vapour from the oil. The Indian Government,
having adopted the Abel apparatus, had copied
Verbatim from the English Act the directions
for applying the test, and attention was forcibly
directed to the source of variations alluded to by
the condemnation of several cargoes of kerosene,
which had arrived in the port of Calcutta. The
writer proceeded to India to investigate the
matter, and as the resuit of experiments made
in that country and of a sériés of tests conducted
by Sir Frederick Abel and the writer, with the.

assistance of Dr. Kellner, in an apartment at
Woolwich Arsenal heated to a tropical tempéra¬
ture, it was found that a much lower flashing-
point than that furnished in a temperate climate
was liable to be obtained when the Abel test was

applied in a tropical country in the manner
prescribed by the English Act. Further experi¬
ments made by Dr. Warden, analyst to the
Government of Bengal, Professor Pedler of Cal¬
cutta, Dr. Lyon, Sir Frederick Abel, Dr. Kellner,
and the writer, showed that the dépression of
the flashing-point was largely due to the vapour
which became disengagéd in the act of filling the
oil cup. Prolonged cooling of the oil appeared
to reduce the liability to this disengagement of
vapour, but the only practically available method
of eliminating this source of discrepancies was
found to be the adoption of some expédient for
getting rid of the vapour before commencing
the opération of testing or before the flashing-
point of the oil was reached. Various methods
of effecting this object were tried. The vapour
was easily removed by gently blowing over the
surface of the oil before placing the cover on the
cup, or by the use of an aspirator attached to the
cover, or by leaving the test-slide withdrawn for
some time ; but it was ultimately decided to re-
commend the commencement of the test many
degrees below the flashing-point, so that the
disengaged vapour might be removed by the
current of air created by the test-flame in suc¬
cessive quantities too small to cause a flash
before the volatilisation of the oil began. With
this modification in the method of applying the
test, the apparatus is caused to give results in a
tropical country which agree very closely with
those which it furnishes in a temperate climate.
Obviously, a portion of the volatile constituents
of the oil becomes dissipated in this mode of con-
ducting the test, but, since kerosene cannot be
exposed to the air in the tropics without this
loss occurring, the defeet is not of practical im¬
portance. Further détails in regard to this
question will be found in a joint communication
by Sir Frederick Abel and the writer published
in the C. N. on May 2, 1884. In October 1887,
Sir Frederick Abel drew up the following in¬
structions for the use of the Abel tester in tem¬

perate and tropical climates :—
Directions for preparing and using appara¬

tus for testing petroleum oil (these direc¬
tions apply to the use of the Abel tester in
temperate climates) :—

1. Preparing the water-batli.—The water-
bath is filled by pouring water into the funnel
until it begins to flow out at the overflow pipe.
The température of the water at the commence¬
ment of each test, as indicated by the long bulb
thermometer, is to be 130°F., and this is attained
in the first instance by mixing hot and cold
■water, either in the bath or in the vessel from
which the bath is filled, until the thermometer
which is provided for testing the température of
the water gives the proper indication, or the
water is heated by a spirit lamp (which is
attached to the stand of the apparatus) until the
required température is reached.

2. Preparing the test-lamp.—The test-lamp
is fitted with a piece of cylindrical wick of such
thickness that it fills the wick-holder, but may
readily be moved to and fro for the purpose of
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adjusting the size of the flame. In tlie body of
the lamp, upon the wick, which is ooiled within
it, is placed a small tuft of eotton-wool moistened
with petroleum, any oil not absorbed by the
wool being removed. When the lamp has been
lighted the flame is adjusted until it is the size
of the bead fixed on the cover of the oil-eup.

3. Filling the oil-cup.—The oil-cup is
placed on a level surface in a good light, and
the oil to be tested is poured in without splash-
ing, until its surface is level with the point of
the gauge which is fixed_ in the cup. The oil
should be poured from a' suitable small vessel,
never direct from a large can. The round bulb
thermometer is inserted into the lid of the cnp,
eare being taken that the projecting rim of the
collar touches the edge of the socket ; the test-
lamp, prepared as already described, is placed in
position, and the cover put on to the cup and
pressed down so that its edge rests on the rim of
the cup.

4. The application of the test.—The water-
bath, with its thermometer in position, is placed
in some locality where it is not exposed to
currents of air, and where the light is sulficiently
subdued to admit of the size of the test-flame

being compared with that of the bead on the cover.
The cup is earefully lifted without being shaken,
placed in the bath, and the test-lamp lighted.
The thermometer in the oil-cup is now watched,
and when the température has reached 66°F.
(the sample, if necessary, having previously been
eooled to below that température by immersing
the vessel containing it in cold water), the opéra¬
tion of testing is to be commenced, the test-flame
being applied once for every rise of one degree.

If the oil-eup is provided with the automatic
(Pensky's) arrangement for opening and shutting
the slide, the clockwork is wound up by turning
the knob from left to right, and set in motion by
pressing the trigger.

If the slide is intended to be moved by hand,
it should be drawn open slowly and shut quickly.
The exact time to be observed in this opération
is regulated by the swing of the pendulum sup-
plied with this form of instrument. The open¬
ing of the slide should take the time of three
oscillations, the shutting of the slide the time of
the fourth oscillation of the pendulum. (By one
oscillation is meant the passage of the bail of
the pendulum from the greatest distance from
the vertical on the one side, to the greatest dis¬
tance on the other.)

If a flash occurs at the first application of
the test-flame (at 66°F.), or at any point below
73°F., the opération is to be repeated with a
fresh portion of the oil, which is cooled down to
55°F. before being placed in the cup. The first
application of the test-flame is made when the
température of the oil has reached 60°F.

In repeating a test, a fresh sample of oil
must always be used, the tested sample being
thrown away.

5. Correction for atmospheric pressure.—
As the flashing-point of an oil is influeneed by
changes in atmospheric pressure to an average
extent of l'6°F. for every inch of the barometer,
a correction of the observed flashing-point may
become necessary. The height of the barometer
must, therefore, be determined at the time of
making the test for the flashing-point. An

aneroid barometer is supplied for this purpose.
To facilitate the correction of a flashing-point
for pressure a table is appended (see table
following the directions for applying the test in
hot climates), giving the flashing-points of oils
ranging from 65-80°F., under pressures ranging
from 27-31 inches of mereury.

The table is used in the following manner
Example.—An oil has. given a flashing-point

of 71°, the barometer being 28'6 ; take the
nearest number to 71° in the vertical column
headed 2S-6. This number is 70'8. Substitute
for this the number in the same horizontal line
in the column headed 30 (the normal height of
barometer). The substituted number, i.e. the
true flashing-point of the oil, is 73°.

The following directions apply to the use of
the Abel Petroleum Tester in hot climates.

Directions for drawing the sample and pre-
paring it for testing.

1. Drawing the sample.—In ail cases the
testing officer, or some person duly authorised by
him, shall personally superintend the drawing
of the sample from an original unopened tin or
other vessel.

An opening sufficiently large to admit of the
oil being rapidly poured or siphoned from the
tin or other vessel shall be made.

Two bottles, each of the eapacity of about
forty fluid ounces, are to be filled with the oil.
One of these, the contents of which is intended
to be preserved for reference in case of need, is
to be earefully corked, the cork being well driven
home, eut off level with the neck, and melted
sealing-wax worked into it. The other bottle
may be either stoppered or corked.

2. Preparing the sample for testing.—About
ten fluid ounces of the oil, sufficient for three
tests, are transferred from the bottle into which
the sample has been drawn to a pint flask or
bottle, which is to be immersed in water arti-
ficially cooled until a thermometer, introduced
into the oil, indicates a température not exceed-
ing 50°F.
Directions for preparing and using the test

apparatus.
3. Preparing the water-bath.—The water-

bath is filled by pouring water into the funnel
until it begins to flow out at the overflow-pipe.
The température of the water at the commence¬
ment of each test, as indicated by the long bulb
thermometer, is to be 130°F.,and this is attained
in the first instance by mixing hot and cold
water, either in the bath or in a vessel from
which the bath is filled, until the thermometer
which is provided for testing the température of
the water gives the proper indication; or the
water is heated by means of a spirit-lamp (which
is attached to the stand of the apparatus) until
the required température is indicated.

4. Preparing the test-lamp.—The test-lamp
is fitted with a piece of cylindrieal wick of sueh
thickness that it fills the wick-holder, but may
readily be moved to and fro for the purpose of
adjusting the size of the flame. In the body of
the lamp, upon the wick, which is coilcd within
it, is placed a small tuft of cotton wool, moistened
with petroleum, any oil not absorbed by the wool
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being removed. When the lamp lias been
lighted, the wick is adjusted by means o£ a pair
of forceps, or a pin, until the flame is the size
of the bead fixed on the eover of the oil-cup ;
should a particular test oeeupy so long a time
that the fiame begins to get smaller, through
the supply of oil in the lamp becoming exhausted,
three or four drops of petroleum are allowed to
fall upon the tuft of wool in the lamp from the
dropping bottle or pipette provided for the pur-
pose. This can be safely done without inter-
rupting the test.

5. Filling the oil-cup.—Before the oil-cup
is filled, the lid is to be made ready for being
placed upon the oup, i.e. the round bulb ther-
mometer is to be inserted into the soeket (so
that the projeeting rim of the collar with which
it is fitted touches the edge of the socket), and
the test-lamp is to be placed in position. The
oil-cup, having been previously cooled byplacing
it bottom downwards in water at a température
not exceeding 50°F., is now to be rapidly wiped
dry, placed on a level surface in a good light,
and the oil to be tested is poured in without
splashing until its surface is level with the point
of the gauge whioh is fitted in the cup. The lid
is then put on the cup at once, and pressed
down so that its edge rests on the rim of the cup.

6. Application of the test.—The water-bath,
with its thermometer in position, is placed in
some locality where it is not exposed to currents
of air, and where the light is sufficiently sub-
dued to admit of the size of the entiretest-flame

being compared with that of the bead on the
cover. The cup is earefully lifted, without
shaking it, and placed in the bath, the test-lamp
is lighted, and the clockwork wound up by turn-
ing the key. The thermometer in the oil-cup is
now watched, and when the température lias
reached 56° Fahrenheit the clockwork is set in
motion by pressing tlie trigger.

If no flash takes place, the clockwork is at
once re-wound, and the trigger pressed at 57°
Fahrenheit, and so on, at every degree rise of
température, until the flash oceurs, or until a
température of 95°Fahrenheit has been reached.

If the flash takes place at any température
below 77°Fahrenheit the température at which
it occurs is to be recorded. The fresh portions
of the sample are then to be successively tested
in a similar manner and the results recorded.
If no greater différence than 2°Falirenheit
exists between any two of the three recorded
results, each resuit is to be corrected for atmo-
spheric pressure, as hereafter described, and the
average of the three corrected results is the
ilashing-point of the sample. In the event of
there being a greater différence than 2°Fahren-
heit between any two of the results, the sériés of
tests is to be rejeeted, and a fresh sériés of
three similarly obtained, and so orr until a suffi¬
ciently concordant sériés is furnished, when the
results are to be corrected and the average taken
in the manner already described.

No flash which takes place within eight de-
grees of the température at which the testing
is commenced shall be accepted as the true
ilashing-point of the sample tested. In the
event of a flash occurring at or below 64° when
the test is applied in the manner above described,
the next testing shall be commenced ten degrees

lower than the température at which the flash
had been previously obtained—that is to say, at
54° or thereunder, and this procédure shall be
continued until the results of three consécutive
tests do not show a greater différence than 2°.

If a température of 76°Fahrenheit has been
reached without a flash occurring, the appli¬
cation of the test-fiame is to be continued until
a température of 95°Fahrenheit has been
reached. If no flash has occurred up to this
point, and if the petroleum is declared to be im-
ported subject to the provisions of the Aet,1 the
tests shall not be continued, and the testing
officer shall certify that the petroleum has a
flashing-point of over 95° and is not dangerous.
But if the petroleum is oil ordinarily used for
lubricating purposes, and is declared to have its
flashing-point at or above 200°, or is oil to which
a notification of the Governor in Executive
Council exempting it from the opération of the
Act will be applicable in the event of the flash¬
ing-point being found to be at or above 120°,
the test shall be continued as follows :—The
oil-cup is to be removed from the water-bath,
and the température of the water in the water-
bath is to be reduced to 95°Fahrenheit by pour-
ing cold water into the funnel (the hot water
escaping by the overflow pipe). The air-
chamber is then to be filled to a depth of li
inches with water at a température of about
95°Fahrenheit, the oil-cup is to be replaced in
the water-bath, and the spirit-lamp, attaehed to
the water-bath, is to be lighted and placed under-
neath. The test-flame is then to be again ap¬
plied from 96°Fahrenheit, at every degree rise
of température as indicated by the thermometer
in the oil-cup until a flash takes place, or until
a température of 200°Fahrenheit or 120°Fah-
renheit, as the case may be, has been reached.
If during this opération the test-flame appears
to diminish in size, the lampis to be replenished
in the manner prescribed (at 4) without inter-
rupting the test.

If a flash occurs at any température be¬
tween 76° and 200°Fahrenheit, the température
at which it occurs, subject to correction for
atmospheric pressure, is the flashing-point of
the sample.

In repeating a test a fresh sample of oil
must always be used, the tested sample being
thrown away, and the cup must be wiped dry
from any adhering oil, and cooled, as already
described, before receiving the fresh sample.

7. Correction for atmospheric pressure.—As
the flashing-point of an oil is influeneed by
changes in atmospheric pressure to an average
extent of l'6°Fahrenheit for every inch of the
barometer, a correction of the observed flashing-
point may become necessary. The height of
the barometer must, therefore, be determined at
the time of making the test for the flashing-
point. An aneroid barometer is supplied for
this purpose. To facilitate the correction of a
flashing-point for pressure a table is appended,
giving flashing-points of oils ranging from 65°
to 80°Fahrenheit, under pressures ranging from
27 to 31 inches of mereury.

The table is used in the following manner :—
Example.—An oil has given a flashing-point

of 71°, the barometer being at 28*6 ; take the
1 The Indian Petroleum Act is here referred to.
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TableforcorrectionofFlashing-pointsindicatedbytlieTestforVariationsinBarometricPressureoneithersideofThirtyInches. Barometerininches.

27

27-2

27'4

276

27-8

28

28-2

28-4

28-6

28-8

29

29-2

29-4

29-6

29-8

30

30-2

30-4

30-6

30-8

31

FlasliingPointinDegreesFahrenheit.
GO-2

60-5

60-8

61-2

61-5

61-8

62-1

62-4

62-8

63-1

63-4

63-7

64

64-4

64-7

65

65-3

65-6

66

66-3

66-6

61-2

61-5

61-8

62-2

62-5

62-8

631

63-4

63-8

64-1

64-4

64'7

65

65-4

65-7

66

66-3

66-6

67

67-3

67-6

62-2

62-5

62-8

63-2

63-5

63-8

64-1

64-4

64-8

651

65-4

65-7

66

66-4

-66-7

67

673

676

68

68-3

68-6

63-2

63-5

63-8

64-2

64-5

64-8

65-1

65-4

65-8

66-1

66-4

66-7

67

67-4

67-7

68

68-3

68-6

69

69-3

69-6

64-2

64-5

64-8

65-2

65-5

65-8

66-1

66-4

66-8

671

67-4

67-7

68

68-4

68-7

69

69-3

69-6

70

70-3

70-6

65-2

65-5

65-8

66-2

66-5

66-8

67-1

67-4

67-8

68-1

68-4

68-7

69

69-4

69-7

70

70-3

70-6

71

71-3

71-6

66-2

66-5

66-8

67-2

67-5

67-8

681

68-4

68-8

69-1

69-4

69-7

70

70-4

70-7

71

71-3

71-6

72

72-3

72-6

67-2

67-5

67-8

68-2

68*5

68-8

G9-1

69-4

69'8

70-1

70-4

70-7

71

71-4

71-7

72

72-3

72-6

73

73-3

73-6

68-2

68-5

68-8

69-2

69-5

69-8

70-1

70-4

70-8

71-1

71-4

71-7

72

72-4

72-7

73

73-3

73-6

74

74-3

74-6

69-2

69-5

69-8

70-2

70-5

7C-3

71-1

714

71-8

721

72-4

72-7

73

73-4

73-7

74

74-3

74-6

75

75-3

75-6

70-2

70-5

70-8

71-2

71-5

71-8

72-1

72-4

728

731

73-4

73-7

74

74-4

74-7

75

75-3

75-6

76

76-3

76-6

71-2

71-5

71-8

72-2

72-5

72-8

73-1

73-4

73-8

741

74-4

74-7

75

75-4

75-7

76

70-3

76-6

77

77-3

77-0

72-2

72-5

72-8

73-2

73-5

73-8

74-1

74-4

74-8

751

75'4

75-7

76

76-4

76-7

77

77-3

77-6

78

78-3

78-6

73-2

73-5

73-8

74-2

74-5

74-8

75-1

75-4

75-8

76-1

76-4

76-7

77

77-4

77-7

78

78-3

78-6

79

79-3

79-6

74-2

74-5

74-8

75-2

75-5

75-8

761

76-4

76-8

77-1

77-4

77-7

78

78-4

78-7

79

79-3

79-6

80

80-3

80-6

75-2

75-5

75-8

76-2

76-5

76-8

771

77-4

77-8

78-1

78-4

78-7

79

79-4

79-7

80

80-3

80-6

81

81-3

81-6

W

i-3
ta

o

t-1 ra
Cl

>-■
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nearest number to 71° in the vertical column
headed 28*6. This number is 70'8. Substitute
for this the number in the same horizontal line
in the column headed 30 (the normal height of
the barometer). The substituted number, i.e.
the true flashing-point of the oil, is 73°.

' Dangerous petroleum ' is defined by the
Indian Petroleum Act as ' petroleum having its
flashing-point below 76° of Fahrenheit's ther-
mometer. Provided that, when ail or any of the
petroleum on board a ship, or in possession of a
dealer, is declared by the master of the ship or
the consignée of the cargo, or by the dealer, as
the case may be, to be of one unifonn quality,
thepetroleumsliall not bedeemedto be dangerous
if the samples selected from the petroleum have
their flashing-points, on an average, at or about
73° of Fahrenheit's thermometer, and if no one
of those samples has its flashing-point below
70° of that thermometer.'

The Abel apparatus, with a standard of
22°C., was in 1885 adopted as the légal test in
Sweden, and in the year 1888 a Bill was intro-

duced in the Danish législature
to substitute the Abel tester with
a standard of 23°C., for the
open tester, with a standard of
40°C., then in use in Denmark.
In Russia the standard with the
Abel-Pensky instrument is 28°C.

The Abel tester is by no
means the only form of closed
testing apparatus at présent in
use, and, in addition to those
actually employed, a large num¬
ber of instruments on the closed-
eup principle have been devised.
Many years ago Tagliabue, of
New York, introduced an appa¬
ratus (figs. 11 and 12) with a
covered brass oil cup eommuni-
cating by means of a spring valve
with a dwarf chimney. The

Fia. 11. opening of the valve and the
simultaneous introduction of a

flame into the chimney détermines a current
of air through the upper part of the oil-cup
which sweeps out the inflammable vapour
and brings it into contact with the flame.
Tagliabue has also constructed a larger instru¬
ment of the same form with a glass oil-cup.
The Michigan and Wisconsin States tester has
a copper oil cup with a copper eover provided
with a srnall orifice to which the test flame is
applied. The présent New York State tester,
devised by Professor Elliott, has a glass oil-cup
of comparatively large size with a convex glass
cover. Parrish's naphthometer (fig. 13) is pro¬
vided with a stationary test flame fed by the
oil in the testing cup, and Foster's automatic
tester (fig. 14), used in Ohio, is similar in prin¬
ciple. In Millspaugh's closed tester (fig. 15)
the oil-cup is of glass and is immersed only
to the estent of one-tenth of its depth in
the water-bath, with the object, apparently,
of preventing the overheating of the surface of
the oil. Mann's tester (fig. 16) represents an
attempt to reproduce in the testing apparatus
the conditions prevailing in an ordinary petro¬
leum lamp, the burner of the lamp being re-
placed by a tube, the stopper of which is blown

out when, upon the introduction of a light
through a latéral opening, ignition of the vapour

The smaller illustration represents in section the cover
of the instrument shown in fig. 11. a, a. Cover. b, b. Mov-
able bar, with openings/,/, closed by the bar e, beneath
which is a spring. c. llod to depress the bar e, and thus
uncover the openings /,/. </. Handle to move the bar 6, b.
c. Hood with opening for insertion of flame.

The larger illustration represents in section a simpler
form of the instrument. A. Water-bath. E. Oil-cup.
c. Hood, with opening a. D. Thermometer. E. Lamp fur-
nace. F. Lamp. b. Pivoted cover, closing orifice be¬
neath it.

occurs. InPease'sclosedtester (fig. 17) the vapour
is ignited by an eleetric-spark. The writer re-
members seeing, about the year 1870, a closed

A. Oil-cup. c. Water-bath. i>. Lamp-furnace. e.
Screen, with glass plate/. E. Chamber communicating
with the ail*, with openings a (for circulation of air) and
6, b (to ailow passage of oil from B into a), d. Cylinder
supporting a sraall wick for test-flame.

tester, with electric-spark igniting arrangement,
in use by the late Dr. Letheby in his laboratory
at the London Hospital. The oil-cup was of
glass, with a hinged métal cover, which was
blown open when the vapour ignited. In 1882,
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Braun, of Berlin, patented a niagnetic pendulum
arrangement for applying the test flame in the
Abel apparatus. In 1881 Engler and Haas
made a number of experiments with the Abel
apparatus and other testing instruments, and
expressed the opinion that the addition of an
arrangement for agitating the oil was désirable ;

iLEUM.

the Engler tester (fig. 18) consists of a copper
water-bath surmounted by a second water-bath ot
glass supportinga glass oil-cup with brass cover
in which are two semi-cireular openings with
hinged lids. Two insulated wires in connection
with a small induction coil terminate inplatinum

Eig. 14.

A. Oil-cup. E. "Water-bath. c. Jacket. B. Flash-jet.

Victor Meyer, however, previously proposed the
addition of a stirrer. Owing to the faets that
in the use of the Abel tester a layer of vapour
of gradually increasing thiekness is formed upon
the surface of the oil and that the température
of the oil is not uniform throughout, it is, no
doubt, necessary that the dimensions of the air
space above the oil, the depth towbich the test-

flame is inserted, the size of the test-flame, the
size of the orifices in the cover, the position of
the thermometer bulb, and other particulars,
should be defined with greater accuracy than
would probably be necessary if a stirrer were
added, but experience has shown that the Abel
apparatus can be readily standardised, and any
number of instruments ean thus be construeted
to give concordant results if used with a reason-
able amount of care. The apparatus known as

Fig. 16.

points 1 mm. apart at a distance of Jtofcm.
from the surface of the oil, and in the centre of
the oil-cup is a paddle stirrer attached to a
spindle passing through the cover. Beneatk the
lower water-bath a spirit lamp is placed, and, as
the température approaches the flashing-point
of the oil, the spark is passed at each degreerise
in the thermometer, care
being taken that the pas¬
sage of the spark is con-
tinued from half to one

second. After each applica¬
tion of the spark the oil is
gently agitated by rotating
the stirrer. When the igni-
tion of vapour occurs the
hinged flaps are thrown
open. It is claimed that by
the use of the double water-
bath and the stirrer the
lreating is rendered slow and
regular, and as far as pos¬
sible independent of the size
of the lieating flame ; also
that by the employment of
the electric spark, the size,
intensity, and distance of the
igniting agent from the oil
are rendered uniform. More-
over, that the extraneous
formation of vapour through
the lieating of the surface of the oil whicb may
take place when an ordinary test-flame is em-
ployed cannot oceur in the use of the electric
spark as described. Finally it is contended that
the conditions prevailing in a petroleum lamp
are reproduced to a large estent in the Engler
Tester.

Eig. 17.
A. Water-batli. lï. Oil-
cup. c. Spark wires.
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chamber is caused to flow out upen the surface
of the water in the lower vessel by moving the
sliding plate. The expansion of the liberated
vapour of the petroleum causes the water to rise
in the graduated tube, and, when the level is
stationary, its height is read off. In a table
published in 1866, Salleron and Urbain give the
following figures of sp.gr. and vapour tension of
petroleum at 15°C. :

Density Tension in Density Tension in
at 15°C. mm. of water at 15°C. mm. of water

•812 0 •756 125
•797 5 •735 410
■788 15 •695 330
•772 40 ■680 1185
•762 85 •650 2110

In regard to the Salleron-Urbain System of
testing, Engler and Haas remark that the method
dépends upon the assumption that the numbers
which express the expansion of the petroleum
vapour run parallel with the température of the
inflammability of ail. kinds of petroleum ; but
that the supposition is found not to be correct
in ail cases, inasmueh as the presence of a small
quantity of very volatile hydrocarbons 1 occasions
an increased pressure in the apparatus. The
général conclusion is, liowever, expressed that
oils which exhibit a tension of not more than
64 mm. of water at 35°C. may be considered
safe.

In a report to the New York State Board of
Health in 1882, Professor Arthur H. Elliott

1 Presuinably a quantity too small to sensîbly affect tlie
inflammability.

PETROLEUM. 159

Fia. 18.
i. Copper water-bath. b. Spirit lamp. c, c. Glass

water-bath, with filling mark etclied upon it. m, m. Cover.
b. Thermometer, supported in the water by eollar n.
o. Glass oil-eup, with filling mark, s, s. Openings with
hinged covers. t, t. Conducting wires, insulated by ebony
rings it, u, andterminating in platiuum points, p. Stirrer,
with liandle g. r. Thermometer in the oil. Fis. 20.

Among other Systems of testing are those of
Liebermann, Beilstein, and Stoddard, which are
based upon the prineiple of blowing air at in¬
tervais through a jet plunged beneath the sur¬
face of the oil, eontained in a vessel in which it

vessel, the eylindrieal chamber is nearly filled
with the petroleum to be tested, the screw-
plug replaced, and the apparatus placed in
warm water until the température lias become
constant. The water-level in the graduated
tube having been adjusted to zéro by means of
the regulating serew, the oil in the eylindrieal

can be gradually heated, until inflammable
vapour is evolved. In Bernstein's tester (fig. 19)
the level of tbe oil is raised from time to time, as
the température of the oil increases, until vapour
issues from the oil chamber and ignites at a
stationary flame, and in the Ehrenberg tester a

syringe is employed to
expel the vapour from
the closed oil chamber
and bring it into contact
with a flame.

There yet remains to
be noticed a form of
petroleum testing appa¬
ratus, employed to some
extent in France, in
which the flashing-point
is deduced from the va¬

pour tension. This ap¬
paratus, known as ' the
Salleron-Urbain tester

(fig. 20), consists of a
closed metallic vessel aa,
in the eover of which
are inserted a eylindrieal
chamber b, a regulating

B "jf*1-j' | I serew r, a graduated
a BaW H tube m, 35 cm. in length,H ff|l \|i and a thermometer. The

if»^ W . m eylindrieal chamber is
closed at the top by a

Fia. 19. screw-plug^, and at the
bottom by a sliding

plate, which cuts off communication between
the chamber and the vessel below. 50 e.c.

of water having been placed in the lowerIRIS - LILLIAD - Université Lille 1
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records the particulars of a large number of I
experiments with various fornis of testing appa- |

ratus, and gives the following table of compara¬
tive results :—

Oil used
L IL ni. IV. V. VI. VII. VIII. IX. X. XL

Flashing-points, F.

No. 1
No. 2
No. 3
No. 4

110°
111°
119°
97°

118°
121°
122°
96°

120°
124°
122°
97°

111°
115°
112°
90°

117°
118°
118°
93°

107°
109°
108°
86°

103°
102°
102°
76°

130°
128°
130°
90°

111°
107°
108°
81°

95°
96°
95°
75°

119°

118°
96°

1;

I. Tagliabue (open cup). TI. Arnaboldi (open cup). III. Saybolt. IV. Tagliabue (closed cup—small). V. Tagliabue
(closed cup—large). VI. Wisconsin State. VII. Abel. VIII. Bernstein. IX. MÛlspaugh. X. Mann. XL Poster.

From the statements which have been made,
it will be évident that there is a regrettable
absence of uniformity in the methods of testing
adopted, not only in différent countries, but also
in the various States of the American Union,
The existence of considérable diversity in regard
to the test standard to be adopted with any one
system of testing is also exhibited in the laws
which have been framed in the United States.1
The latter condition no doubt arises from the
fact that, until lately, no systematic attempts
were made to détermine the relation between the
flashing-point of an oil and its safe or dangerous
character in ordinary use. Moreover, when
petroleum was first introduced, it was often
carelessly or improperly handled, and the acci¬
dents which occurred led to an exaggerated esti-
mate being formed of the risk involved in the
use of the oil as an illuminant, with the resuit

1 In 1886, Colonel Majendie, C.B., Her Majesty's Chief
Inspector of Explosives, visited America in Company with
the writer with the object of obtaining information relative
to petroleum législation in that country. The following
particulars (pubhshed with Colonel Majendie's permission),
relative to the prescribed methods of testing and test
standards, are based upon information furnished by H.M.
Consul-General and Consuls in the United States, supple-
mented by information personally collected during the visit
referred to.

1. The use of the Tagliabue or other approved instru¬
ment is prescribed in the undermentioned States and Cities
with the standard fire test specified :

110°F.—States of New York, Pennsylvania, Marylând,
and Kansas ; Cities of Brooklyn, Syracuse, Newhaven,
Richmond, New Orléans, and Philadelphia.

120°F.—States of New Hampshire and Maine ; City of
Baltimore.

130°F.—State of Arkansas.
150°F.—States of Missouri and Illinois.
2. The use of the Tagliabue (T.), Elliott (E.), or other

approved instrument is prescribed in the undermentioned
States and Cities, with the standard flashing-point speci¬
fied :

110°F.—States of Massachusetts (T. open cup), Vermont
(T. closed cup), and New Jersey (E. closed cup) ; City of
New York (E. closed cup).

105°F.—State of Iowa (E. closed cup).
110°F.—Cities of Boston (T. open cup), San Francisco

(? T. closed cup), Sacramento (? T. closed cup), Los Angeles
(? T. closed cup), Milwaukee (? T. closed cup), and Denver
(? T. closed cup).

120°F.—States of Ohio, Michigan, Indiana, Wisconsin,
and Minnesota.

125°F.—State of Louisiana (? T. open cup).
Note.—In each of the following States a spécial instru¬

ment described in the Act is in use :—Ohio (Foster instru¬
ment), Michigan, Indiana, Wisconsin, and Minnesota. In
Ohio, the employment of the Foster instrument or an open
tester is optionàl.

3. In the undermentioned States and cities the instru¬
ment to be used is not indicated :

110° Fire test—State of Rhode Island ; City of Newark.
110° Flashing-point (open cup).—States of Gteorgia and

Nebraska.
120° Flashing-point (open cup).—State of Tennessee.
125° Fire test.—City of Meriden.
130° Fire test.—State of Kentucky.

that législative restrictions of a
stringent description have been placed upon the
trade.1 The experience of many years lias con-
clusively demonstrated that the transportant!
storage of kerosene of comparatively low flashing-
point (say 70°F.—Abel test or its équivalent)
and its use in properly constructed lamps is free
from risk. This practical conclusion lias been
confirmed by recent experiments made in this
country by Sir Frederick Abel and the writer,
and in Germany by the officiais of the Standards
Office, and it has been found that some oils of
high flashing-point may be actually less safe
than others of low flashing-
point. The tendency of mo¬
dem petroleum législation in
the United States indicates a

récognition of this fact.
(e) Burning quality.—The

testing of the burning quality
of kerosene is regularly ef-
fected in well-conducted re-

fineries in the United States

by burning the oil in lamps
of the usual construction and
noting the diminution in the
size of the flame which occurs

in a stated period. The re¬
sults are, however, dépendent
upon so many variable con¬
ditions that attempts have
been made to substituts a

test of greater précision ; but
beyond the improvement of
the existing test, the efforts
made have not been attended
with success. The Saybolt
lamp (fig. 21), specially con¬
structed for testing purposes,
consists of a tall glass cylin-
drical graduated réservoir of
small diameter, with a burner
which furnishes a well-shaped
flat flame of considérable
height in proportion to the width, a wick care-
fully selected for the purpose, and a graduated
glass chimney. The lamps are burned in water
at 60°F., the diminution in the height of the
flame and the dépression of the oil level being
noted.

In Canada the * burning percentage ' is deter-
mined by the use of a lamp thus described:

1 In Canada, the use of the Abel tester is prescribed by
law, with a minimum standard of 95°F. ; but the raising of
the test from 73° (the British standard) to 95°F. having
been found to involve a loss of 10 p.c., the Ontario refiners
in 1886 petitioned for a réduction of the standard.

Fig. 21.
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'The bowl of the lamp is eylindrical, 4 in. in
diameter and 2| in. cieep, with a neok plaoed
thereon of such a height that the top of the
wick tube is 3 in. above the bowl. A sun hinge
burner is used, taking a wick | in. wide and £ in.
thick, and a chimney about 8 in. long.' The
test is condueted as follows : ' The lamp bowl is
filled with the oil and weighed, then lighted and
turned up full flame, just below the smoking
point, and burned without interférence till 12 oz.
of the oil is consumed. The quantity consumed
during the first hour and the last hour is noted.'
The ratio of the two quantities is the measure
of the burning quality, and the percentage that
the latter quantity is of the former is the ' burn¬
ing percentage ' referred to.

The rvriter has devoted much time to the
perfecting of a System of testing burning quality
with lamps of the usual construction, and has
succeeded in eliminating some of the sources
of discrepancies in the results afforded. Ob-
viously the wick used should be carefully chosen,
and, as a fresh wick should be employed for each
test, it is important that the wick should be
examine! before use, and any defective portion

In standardising the wick and veri-
; its uniformity, the writer has found it

advantageous to détermine the quantity of a
minerai oil of known quality drawn out of a
vessel under definite conditions as to température
4c. by the capillary attraction of a piece of the
wick arrange! as a syphon (fig. 22). In ail cases
the wick must be dried immediately before use
and immersed in the oil while still warm. The
oilchambers of the lamps employed must be of
uniform dimensions, and the burners must first
be teste! to ascertain that they furnish similar
fiâmes with the same oil. The wick must be
trimmed with scrupulous care before the lamp
is lighted, and the oil in the lamp must be main-
tained at a constant température—that of G0°F.
being a désirable one. The wick should be
raised so as to obtain a flame of the largest size
possible without the production of smoke. For
recording the size and sliape of the flame at the
commencement of the experiment and the dimi-

Vol. III.—fZ1

nution in size and altération in shape of the
flame at intervais during the progress of the
test, the writer has found it convenient to
employ a caméra by means of which the out-
line of the flame may be traced on thin paper
at intervais (fig. 23). No général agreement has,

Fig. 23.

however, yet been arrived at as to the extent of
diminution which shall, under the specified con¬
ditions, be permissible with oils to be classed as
of satisfactory burning quality. In doubtful
cases several tests of the sample should be made,
as the results appear to be sometimes affeeted
by causes not well understood. In conséquence
of the difficulty of devising a thoroughly satis¬
factory method of testing oils by burning, it has
been proposed to establish a distillation test, the
inferiority in burning quality being supposed to
arise from the oil not being of natural compo¬
sition or from its containing too large a percen¬
tage of the denser hydrocarbons. Attempts in
this direction have not, however, been attended
with success, oils of différent burning quality
furnishing in some cases similar results, and oils
of equally good burning quality sometimes giving
dissimilar results on fractional distillation. The
testing of the oil under conditions as nearly as
possible approaching to those under which it is
practically used appears to be the most rational
method of determining the burning quality,
and is no doubt the best in the absence of any
arbitrary test capable of being easily and expe-
ditiously applied and of furnishing reliable
results.

Kerosene oil should bear agitation with oil
of vitriol without material darkening of colour,
and warm water shaken with it should exhibit
neither markedly alkaline nor even faintly acid
reaction, and should give no precipitate with
barium chloride solution. Upon being distilled,
kerosene should not evolve sulphurous acid. If
the presence of any considérable amount of
sulpbur compounds is suspected, the oil should
be burned in a Eeferee's gas-testing apparatus
and the sulphur products converted into barium
sulphate.

4. lighthouse oil. The Trinity House con-
tract conditions for minerai oil intended for use

in lighthouse lamps specify that—
(1) The minerai oil required to be supplied

under this contract is to be of the best possible
quality, the greatest care is to be taken in its
préparation, and it must be perfectly free from
sulphuric acid.

(2) In ail cases, whether the oil be petroleum
or parafiin, its flashing-point is to be determined
by using the apparatus described in Schedule 1
of the Petroleum Act of 1879.

M
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(3) If the oil be petroleum, its flashing-point
is to be not lower than 125° Fahrenheit (close
test), and it is to distil between 302° and 572°
Fahrenheit, the température of the vapour, not
that of the liquid, being taken.

(4) If the oil be paraffin, its spécifie gravity
is to be not less than 0-810, nor greater than
0-820, at 60°F. ; its flashing-point is to be not
lower than 140°F. (close test), and it is to distil
between 302° and 572°F., the température of the
vapour, not that of the liquid, being taken.

(5) The illuminating power of the oilsupplied,
whether petroleum or paraffin, is to be equal to
that of the best colza oil when consumed in a

Trinity House Argand lamp.
For the distillation test about 250 grammes

of the oil may be taken, the opération being
conducted in an ordinary distillation flask with
the bulb of the thermometer midway between
the shoulder of the flask and the latéral tube
leading to the condenser. The upper part of the
flask should be wrapped in asbestos cloth.

The United States Lighthouse establishment
stipulâtes that minerai oil supplied for use in
lighthouse lamps shall have a spécifie gravity
'not less than -802,' a flashing-point of not less
than 140°F., and a fire-test of not less than
154°F., both these tests being made with Taglia-
bue's instrument. The oil is to remain limpid
at zéro ; and. ' litmus paper immersed in it for
five hours must remain unchanged.' The oil is
to be photometrically tested in a fifth-order
Hains lamp, and the light is to be equal to that
of eighteen sperm candies, and to continue un-
diminished during five hours' burning.

5. Lubricating oils. a. Golour. In the
case of what are known as pale oils, the trade
are accustomed to take exception to anymarked
increase in the ordinary depth of colour, but as

FIG. 24. *

yet there are no accepted standards of colour
for these oils, such as have been fixed for kero-
sene. The writer bas, however, for some years
past, used the instrument (fig. 24) known as
Lovibond's Tintometer1 in ascertaining and

1 TMs instrument, devised by Mr. Joseph W. Lovibond,
of Salisbury, consists of a covered trough or box divided
longitudinally by a partition terminating in a vertical
knife-edge opposite an eye-piece fixed at one end, and form-
ing two channels slightly dryerging firom the end at v/hich
the eye-piece is plaeed. In one channel the liquid to be
examined, which is contained in a rectangular glass cell, is
plaeed; and in the other channel numbered slips of coloured
glass, of known depth of tint, are inserted.

recording the colour of a two-inch column of
lubricating oils, and comparative results have
thus been furnished for the guidance of the
trade.

b. Odour. Lubricating oils should be free-
from empyreumatic odour, as the presence of
such odour would indicate that the process of
refining had not been satisfactorily carried out.

c. Spécifie gravity. Until recently, minerai
lubricating oils of similar description have been
graded solely with reference to spécifie gravity,
but, experience having shown that the density
is not necessarily an index of the lubricating
value, it is becoming generally accepted that the
détermination of spécifie gravity is of less im¬
portance than that of viscosity.

d. Flashing-point and fire-test. In the dé¬
termination of the flashing-point by the closed
and open tests, and for the détermination of the
lire test, the writer is accustomed to use an in-

A. Apparatus with test-flame in position for ignitin?
the vapour. b. Cover of oil-cup. c. Side view of coyer.
p. Handle for removing oil-cup from bath when hot.

strument made by Pensky of Berlin. In its
closed form this apparatus resembles in prin-
ciple the Abel tester employed in the examina-
tion of kerosene. The water-bath is, however,
replaeed by an air-batk, consisting of a thick
cast-iron vessel which is heated by a Bunsen
burner, and the application of the gas test-flame
is effected through the médium of a revolving
vertical spindle with a non-conducting cap,
which can be grasped by the finger and thnmb
without inconvenance when the apparatus is
used at high températures. In the use of this
instrument the flame of the burner should be
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adjusted so that the température of the oil rises
at the rate of about 10°F. per minute. The
latest form of the apparatus, known as the
Pensky-Martens tester (fig. 25), is provided with
a revolving stirrer which agitâtes the atmosphère
above the oil as well as the oil itself.

If the cover of the oil-eup be removed, the
apparatus referred to may be employed for the
détermination of the open-vessel flashing-point
and the tire-test, a gas fiame, not more than l
inch in diameter, being used to produce the
ignition.

Inspectons of lubricating oils in the United
States commonly use in ascertaining the fibre-
test an open metallic cup, supported on a tripod
stand and heated directly by the flame of a
spirit larup, the température being raised at the
rate of eight degrees Fahrenheit per minute.

In some cases it is customary to test the
volatility of the oil by noting the loss of weight
snstained by a given quantity of the oil when
exposed for a specified length of time in a shallow
vessel to an elevated température. The oil is
sometimes absorbed by filter-paper before ex-
posure to heat.1

c. Cold-tcst. The method in which the
' cold-test ' of lubricating oils is made varies
with the description of oil, and to some extent
with the interprétation which the operator places
on the term. The cold-test of pale oils is
usually accepted as being the point at which on
a graduai réduction in the température sépara¬
tion of solid hydrocarbons commences. The test
may be conveniently made by slowly cooling the
oil in a small beaker until it commences to be-
come cloudy, but the resuit will dépend to some
extent upon the length of time occupied in the
opération, and upon whether the oil is stirred
or not. Some of the more viscous pale oils
contain hydrocarbons which are not very crys-
talline, resembling vaseline rather than paraffin
irai, and the point at which these hydrocarbons
begin to separate under the influence of cold is
not easily determined. In some of such cases
it is préférable to take the point at whieh the
oil becomes reduced to a semi-solid consistency
or ceases to flow on inclining the vessel in which
it is contained. In ail cases it is important
that the température of the bath employed for
cooling should not be much lower than that at
which the séparation, or solidification, occurs,
and it is therefore désirable to détermine ap-
proximately the cold-test by a preliminary
opération. Where the séparation of solid hy¬
drocarbons is well defined, the test may be made
in a tube about 1 inch in diameter, containing
about 4 iach in depth of oil in the following
manner : Plunge the tube into a vessel of iced
water, or, if necessary, into iee and sait, until a
thin layer of paraffin congeals on the sides,
stirring the oil with a thermometer while
the réduction of température is being effeeted.
Take out the tube, wipe it, and holding it be-
tween the operator and the window, stir the
contents with a thermometer until the last
traces of paraffin have disappeared, when the
température is to be noted. Eepeat the experi-

1 The irriter ia accustomed to expose 25 grammes for
12hours in a shallow dish to a température of 150°F. in the
caseof spindle and engine oils, and 250°F. in the case of
cjlinder oils.

ment, again noting the température. Make a
third test, and if the results of the last two
experiments agree, record this température as
the cold-test of the sample.

Black oils are tested by cooling them nntil
tliey cease to flow, as the commencement of
the séparation of solid hydrocarbons cannot be
observed in these oils.

The rules of the New York Produce Exchange
provide that the cold-test is to be determined by
cooling the sample in a glass vessel, 4 inches in
depth and 3 inches in diameter, placed in a re-
frigerator. A thermometer is to be placed with its
bulb in the centre of the oil, and another ther¬
mometer is to be placed in the ice-chest outside
the oil vessel. If, when the two thermometers
both record a specified température, the oil is
still limpid, the cold-test of the oil is deemed to be
satisfactory. Tagiiabue has devised a convenient
form of apparatus (fig. 20) for the application of

Fig. 26.

A, A. A. Non-conducting jacket. c, c. Ice-chamber.
p. Oil-cooling chamber, inclosing the oil-cup, which is sup¬
ported on a rocking-shaffc. H. Tap for draining ice-cliam-
ber. J, J. Stop-cocks, through which warm air may be
forced when it is desired to raise the température in F.
d, d, d. Thermometers ; the central one having its bulb in
the oil.

this test, the oil-cup being supported on a rock-
ing bar in a jacketed cooling-chamber with a
glass window. In practice, however, the cold-
test is usually determined by cooling the oil in a
glass cylinder 1§ inch in diameter.

/. Viscosity. It has been already stated that
this test is becoming recognised as the proper
basis for the grading of lubricating oils, and
accordingly its importance is increasing. The
test is neeessarily an arbitrary one, and there is
at présent no universally accepted method of
testing and expressing the results, though in
this country the Bedwood viscometer has been
adopted by the War Department, the principal
railway companies, the Scottish Minerai Oil
Association, and the petroleum trade generally.
The simplest form of instrument available for tlîe
détermination of viscosity eonsists of a glass
pipette filled to a mark on the neck and allowed
to discharge its contents, the relation between
the period occupied in the outflow of a given
sample and that required for the discharge of a
similar quantity of a standard oil expressing
the viscosity of the former sample in terms of
the latter. ' The standardising of glass pipettes
is, however, diffieult, since the results are afïected

m 2IRIS - LILLIAD - Université Lille 1



164 PETROLEUM.

water-bath and through the glass tube forming
the lower part of the oil yessel, stops the watch
when the oil-level makes its appearance.

The Arvine yiseometer for testing cyMei
oils consists of a copper tube of small diameter
coiled in a bath in whieh water is kept in a state
of ebullition. At its lower end the tube is
furnished with a small stop-cock, forming a jet,
and at its upper end with a funnel to hold the
oil.

The Redwood yiseometer (fig. 28) is a modi¬
fication of the instrument formerly usei at the
Battersea Works of Priee's Patent Candie Com¬
pany. It eonsists of a silvered copper oil
eylinder, about 1-J inch in diameter and 31 incises
in depth, furnished with an agate jet fitted into
a slightly conical métal seating. The eylinder is
fixed in a brazed copper water-bath provided with
a copper heating-tube projecting at an angle of
45° from the side near the bottom, as well as with
a revolving agitator carrying a curyed shield to
preyent splashing, and a thermometer to indicate
the température of the liquid in the bath. The
oil eylinder has a stopper consisting of a small
brass sphere whieh rests in a hemispherical

Pis. 28.

cayity in the agate jet. The sphere is attache!
to a wire by means of whieh it is raised and
suspended from a standard whieh supports a
thermometer in the oil. Inside the oil-cylindei.
and at a short distance from the top, is fixed a
small bracket terminating in an upturned point,
whieh serves as a gauge of the heigbt to whieh
the eylinder is filled. The instrument is sup-
ported on a tripod stand. Great careistaken
in the construction of the agate jets to seenre
uniformity, and any slight différences in the rate
of flow are corrected by slightly altering the
position of the pointed bracket in the oil-cyhnder,
The instruments (whieh are made by Messn.
James How & Go., 73 Farringdon Street, E.C.,
and by Messrs. Townson & Mercer, 89 Bishops-
gâte Street Within, B.C.) are thus ail standa
ised. The yiseometer is used in the followin»
manner:—The bath is filled with a suitabli
liquid to a height corresponding with the
point of the bracket in the oil-cylinder. Water
may be used for températures up to 200:ï.,
and a heavy minerai oil for higher tempéra¬
tures. The liquid being at the required tem¬
pérature, the oil to be tested, whieh may pre-

by the form of the constricted portion of the tube,
apart from the size of the orifice, and two
pipettes standardised with an oil of a certain
yiseosity may not afford concordant results with
an oil of very différent viscosity. Moreover, the
maintenance of the required température of a
sample contained in a glass pipette cannot
always be satisfactorily efi'ected. For these
reasons the jaclreted glass viscometers of Veitch
Wilson, Maclvor, and Sacker have not been
found to afford sufficiently accurate results.

The Saybolt yiseometer (fig. 27) is provided
■with an oil vessel of comparatively large diameter
placed in a water-bath of considérable capacity.
The yiseometer jetis of métal, and is inclosed in
a tube extending below the orifice. Immediately
above the jet the oil vessel is much contracted
in diameter, and a portion is eut away on each
side so as to expose an inner glass tube. At a
corresponding level, glass Windows are inserted
in the water-bath. Round the upper part of

the oil-vessel is fitted an oil-tight gallery with
raised edge, and above the platform of the
gallery the oil-cylinder is pierced with a number
of small holes. In the use of the apparatus,
the bath is filled with water at the required tem¬
pérature, and, a eork having been inserted in the
mouth of the tube inclosing the jet, the oil-
vessel is filled with the oil to be tested, until
overflow through the orifices referred to occurs.
The oil is then stirred with a thermometer, the
gallery taking the overflow, and its température
adjusted if necessary. On withdrawing the
thermometer, oil passes from the gallery into
the oil yessel to replace that whieh had over-
flowed on the insertion of the instrument. The
gallery is then emptied by means of a pipette,
the length of the oil column being thus deter-
mined by the position of the circle of holes;
the flow of oil from the jet is started by the
withdrawal of the cork from the outer tube ; a
stop-wateh is conenrrently set in motion, and
the operator, looking through the window in the

Fia. 27.
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vionsly be bronght to the same température,
is poured into the inner cylinder until its level
just reaches the point of the gauge. A narrow-
necked flask, holding 50 c.o. to a point marked on
the neek, is placed beneath the jet in a vessel
containing a liquid of the same température as
the oil. The bail valve is then raised, a stop-
watch at the same time started, and the number
of seconds occupied in the outfiow of 50 c.o.
noted. IVhen oils are being tested at a tempéra¬
ture mueh above that of the laboratory, a gas
(lame is applied to the heating tube, and the
agitator kept in gentle motion throughout the
experiment. The maintenance of the exact
required température of the oil is thus, after a
little practice, rendered easy. It is important
that the apparatus should stand perfectly level,
and that the oil should be free from dirt, water,
or other suspended matter. The writer is
accustomed to express the results in terms of
the viscosity of rape oil at 60°F., correcting for
diflerences in spécifie gravity. Accordingly the
number of seconds occupied in the outfiow of
50 c.c. of the oil under examination is multiplied
by 100 and divided by 535 (the average time
occupied in the outfiow of 50 c.c. of rape oil at
SOT. according to the writer's experiments).
The resuit is then multiplied by the sp.gr. of
the oil under examination, at the température
of the experiment, and divided by 915 (the
sp.gr. of refined rape oil at 60°F.).

The Engler viscometer, which is largely used
in Germany, is constructed on the same prin¬
cipes as the foregoing, the viscosity of the oil
being compared with that of water. Reeently
this instrument has been improved by the ad¬
dition of a jacketed air-bath, to maintain a
uniiorm température in the outflowing oil.

It will be obvious that, as the length of the
column is continuously diminishing during the
experiment, the same volume of oil must be
allowed to flow out in ail cases in order that
comparative results may be obtained. To
expedite the performance of the test in the case
of a very viscous oil, Mr. Alfred H. Allen has
fitted to the oil cylinder of the Redwood vis¬
cometer an air-tight cap, carrying a tube extend-
ing nearly to the bottom of the cylinder, and is
in this way enabled to maintain a given head of
oil throughout the experiment. The writer has
not experienced the need of this modification,
but it may he of value in certain cases, since
with its adoption the time occupied in the out¬
fiow of any given quantity of the liquid, howèver
email, may be compared with the time required
for the outfiow of a larger or smaller quantity of
another oil.

It has been already stated that in expressing
Ibe results obtained with the Bedwood viscometer
a correction is made for différences in sp.gr.
As far as the writer is aware, the first published
suggestion of an arrangement for eliminating
difierences due to sp.gr. was made by Trof.
W. P. Mason, of Troy, N.Y., who described in
the C. N. for Oct. 31, 1884, an apparatus for
determining viscosity, aud proposed that the
length of the column of the oil to be tested
should be so adjusted as to be inverselv
proportional to the sp.gr., and maintained at
this calculated length during the outfiow of the
standard quantity. Mr. Napier, of Glasgow,

appears, however, to liave previously suggested
the réduction of the observed viscosity of an oil
to a standard density. In the instrument pro¬
posed by Mr. Napier the oil cylinder was in two
parts, conneeted by a flexible tube, the upper part
being supported in such a manner that it could be
placed at a given point on a fixed scale, the
height being determined by the sp.gr. of the oil.
The movable part of the oil vessel was provided
with an overflow pipe, and by the use of a
réservoir with a stopeock it was intended to
produce a continuons slight overflow, so that the
oil-level should be maintained at a fixed point.

The Mason viscometer was thus described :—
' A glass cylinder 22 inches (55-9 cm.) long,

1J- inches (3-18 cm.) diameter, has a brass lower
head ^ inch (0-318 cm.) thick. An orifice is
bored in the centre i inch (0-794 cm.) in
diameter, with bevelled edges, chamfered back
| inch (1-27 cm.), thus producing a sharp-edged
orifice. A line marking the 18-inch (45-72 cm.)
level is eut with several finer lines above and
below, ^ ineh (0-318 cm.) apart, ranging from
16 to 21 inches (40-64-53-34 cm.) above the
orifice. The standard température is usually
60°F. (15-5°C.). A total flow of 6-103 cubic
inches (100 c.c.) is recorded by adjusting the
supply so that the head shall be as nearly as
possible equal to 18 inches (45-72 cm.) of water,
determining this head by calculation from the
sp.gr. of the oil. The rule for obtaining the
viscosity is to note the time required to dis¬
charge the 100 c.c. (6*103 cubic inches) and
divide this time by that required where water
under a head of 18 inches (45-72 cm.) is used.
This ratio is the measure of the viscosity.'

Fia. 29.

In the Barbet viscometer the oil under
examination is caused to flow through an annular
space formed by fixing an iron rod' 4 mm. in
diameter precisely in the centre of a brass tube
5 mm. in internai diameter. Increased résista
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ance to tlie flow of the liquid is thus created,
and the apparatus is stated to be more sensitive
than an ordinary jet viscometer.

Lepenau's ' leptometer ' (fig. 29) consists of
two similar metallie eylinders placed vertically
side by side in a water-bath, and provided with
three pairs of interchangeable jets to be inserted
in the stopcoeks at the bases of the eylinders.
A standard oil having been placed in one
cylinder, and the oil to be tested in the other, a
pair of jets delivering the oil in drops is
selected, and the number of drops falling from
the two eylinders between two coincidences of
dropping is noted. With dissimilar oils, how-
ever, the number of drops is not necessarily a
measure of the quantity flowing through the jet,
since the size of the drop varies with the nature
of the oil.

McNaught's instrument for testing oils con¬
sists of two dises, the lower one provided with a
raised edge and attache! to a vertical spindle
revolving in bearings ; the upper one resting on
a pivot. The space between the two dises
having been filled with the oil to be tested, the
lower dise is caused to revolve at a given speed.
The upper dise is prevented from partaking of
the motion of the lower dise, communicated
through the oil, by a projecting pin which cornes
into contact with a pendulum ; the extent to
which the pendulum is removed from the per-
pendicular being the measure of the viscosity of
the oil.

The paddle viscometers of Napierof Glasgow
and Cockerell of Manchester aTe based upon the
principle of taking the speed of a paddle-wheel

E g 1 JfrIB E

Fig. 30.—Section.
a, a, a. Concentric rings, -ay in. thick, ? in. rlecp. b, b, b

Ditto. c, c. Spaces of TV in. between fixed and moving
rings. d. Support for driving gear. e, e. Jacket.

revolving in the oil as a measure of the viscosity.
A sériés of concentric rings, on a vertical axis,
revolving in concentric annular spaces (figs. 30
and 31), and a hcllow vertical drum révolving in
a cylinder of slightly greater diameter contain-
ing the oil have also been omployed by Mr.
Napier. The use of a pendulum oscillating in
the oil has besides been proposed. Another
method of estimating viscosity which has been
proposed is to note the length of time occupied
in the ascent of a bubble of air through a given
eolumn of liquid, and Professor Mills has
carried out this idea by using hollow glass bulbs,
but without obtaining promising results.

g. Lubricating property by direct mechanictH
tests. Machines have been devised by Thurston,
Woodbury, Ingram and Stapfer, and others, for
the mechanical testing of lubricating valut
These machines are provided with accnratelj
fitting frictional surfaces, between whicb the oil
to be tested is placed, the heat and résistance at
given speeds being determined. It cannot bi
said, however, that results of much practica;
utility in determiuing the value of lubricating
oils have thus been obtained. Expérience has.
in fact, demonstrated that in any machine foi
the mechanical testing of such oils, the condi¬
tions under which the lubricants are to te
actually employed must be reproduced. The
writer has, therefore, been led to the conclusion
that the viscosity of a minerai lubricating oil
afiords the best guide to its lubricating value,
the consumer being thus enabled to select from
time to time oils similar to those which he las
found by practical experience to afford the best
results under the particular circumstances o!
his case. This branch of the subject has been
treated in some détail in a paper by the vvriter,
published in the 'Journal of the Society ol
Chemical Industry,' vol. v. (1886), p. 121.

Fra. 31.—Perspective section.
h. Purity. In the examination of minerai

lubricating oils it is sometimes necessary lo
apply chemical tests. Oils intended for the
lubrication of steam-engine eylinders should le
pure hydrocarbons, saponifiable oils being liable
to décomposition by the high-pressure steam.aud
the liberated fatty acids forming metallie soaps.
The percentage of saponifiable oils présent may
be readily determined by treatmentwith alcoholic
potash and extraction from the aqueous solution
of the soap with ether. When a minerai lubrica¬
ting oil is boiled withwater and the liquids allowed
to separate, the water should retain its traiis-
parency, and should exhibit no acid or alkaline
reaction. Occasionally minerai lubricating oils
are adulterated with resin oil, and their viscosity
is increased by the addition of aluminium
palmitate or oleate, or of india-rubber. If the
presence of any of these adultérants is suspecte!
the methods of examination described iu Allen's
'Commercial Organic Analysis,' vol. ii., maybe
employed.

a
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C. Paraffin. a. Melting-point. Tlie so-
called melting-point of paraffin is understood in
the trade to be the température at which the
melted material begins to solidify. The two
methods chiefly adopted in determining this
point are known respeetively as the English test
and the American test. The English test is
conducted by melting the paraffin in a test-tube
abont j in. in diameter, and stirring the fluid
material with a thermometer while the tube is
beld in the air until in the process of cooling a
point is reached at which the crystallisation of
the hydrocarbons libérâtes enough beat to arrest
the réduction of température, and the mercury
remains stationary for a short time. Mr.
Saybolt has devised a convenient form of appa-
ratus for applying this test simultaneously to
several samples, the melted material being con-
tained in a sériés of parallel troughs mounted on
a carriage so as to travel baekwards and forwards,
the thermometers being held rigidly above the
troughs in a frame in such a position that the
bulbs are just immersed. The American test
ismade by melting enough of the material to
three-parts fill a hemispherical dish about 3J
in. in diameter, allowing the paraffin to cool
in the air and noting the température at which
a very tbin film extends from the sides of the
vessel to a thermometer tvith a round bulb
half an inch in diameter suspended in the

centre of the dish so that the bulb is only three-
fourths immersed. The melting-point by the
American test is usually from 2J-3°E. higher
than that indicated by the English test. Some
operators prefer to note the température at
which a minute quantity of the sample, pre-
viously fused into a capillary tube (care being
talcen not to overheat the material), becomes
solidified when the tube is allowed to coolslowly
by the side of a sensitive thermometer in a
beaker of water.

b. Percentage of oïl. The détermination of
the percentage of oil in paraffin scale is a purely
arbitrary test, as there is no natural line of

Pio. 32.

demarkation between the solid and liquid hydro¬
carbons of petroleum. The test is made by
subjecting the material to pressure and noting
the loss in weight, but the results obtained

Eio. 33.

dépend upon the température at which the
opération is conducted, the quantity of material
in relation to the diameter of the press-cake
and tbe amount and duration of pressure. The
miter had some years ago a press (fig. 32) con-
stracted for the purpose with a steel crosshe ad,
tbe deflection of which was magnified by levers,
and the amount of pressure applied was thus
indicated, and he now makes use of a press
(fig. 33) wherein a heavily weighted lever is
used to regulate the pressure. Both these
presses are provided with circular press-cups and
plungers 5| in. in diameter, and the pressure
employed in testing American paraffin scale
is 9 tons on the total surface. The quantity of
material operated upon is 500 grains, and the
pressure is applied for five minutes at a tem¬
pérature of G0°F. The paraffin is placed
between circular pièces of calico eut with a

steel punch to fit the press-cup, and the oil ex-
pressed is absorbed by a sufficient number of
dises of blotting-paper placed above and below
the cloth containing the cake. , The tempéra¬
ture of the press-cup and the plunger is in¬
dicated by thermometers inserted in mercury-
cups, and the paraffin is also brought to the
standard température before being pressed.
The testing press designed by Mr. McCutchon
(figs. 34 and 35) is furnished with a helical steel
spring, the extent of compression of which in-
dicates the amount of pressure applied. Messrs.
Clarkson and Beckitt, of Glasgow, have made
an excellent hydraulic press (fig. 36) for the
purpose, which occupies less space than a lever
press.

c. Percentage of water and dirt. The per¬
centage of water in paraffin scale may be
determined by heating a weighed quantity in an

IRIS - LILLIAD - Université Lille 1



168 PETROLEUM.

cvaporating dish to a température somewhat
above the boiling-point of water, the melted

Fia. 34.

paraffin being continuously stirred until the
whole of the water has been driven off, when the

Fio. 35.

loss in weight is noted. If the quantity of water
présent is large the percentage may be determined

Fig. 36.

by distillation or by subsidence, the paraffin being
retained in a melted state until the water has
separated. Mr. Sutherland1 has introdueed a con-

1 Journ. Soc. Chem. Ind., vol. vi. (1887) p. 123.

venient form of apparatus for rnaking the latter
test, consisting of a bulbed tube (taking a charge
of 50 grms. of paraffin) the lower part of which
is graduated. In the use of this instrument
the greater portion of the melted paraffin may
be readily poured off by removing the tube from
the heating bath when the water has separated,
and plunging the lower end into cold water sa
as to seal the water by causing the solidification
of a layer of paraffin above it. The opération
may then be completed by dissolving the re-
maining paraffin in warm petroleum spirit
(hydrated). In this method of testing, the dirt
is usually estimated with the water, but if the
proportion of dirt is considérable it should be
collected on a filter paper, washed with minerai
spirit, dried and weighed.

The following methods of testing Scotch
paraffin seale and heavy minerai oils have been
recently agreed upon by the chief chemists of
the Scottish Minerai Oil Association, Price's
Patent Candie Company, and the writer.

I. Scale analysis.
1. Sampling of hard scale. The sarnple is

to be taken by means of a métal tube, which is
made slightly conical ; the small end is inserted
in the scale, and by means of a handle, which
is removable, it is forced through the scale to he
sampled. By this means a cylindrical core of
paraffin is obtained.

Care must be taken to see that the tube is of
such a length that the sample will represent the
whole length or depth of the cask, waggon, or
bing.

2. Préservation of samples of scale. Im-
mediately after the sample has been drawn it is
to be thoroughly mixed, placed in suitable wide-
mouthed bottles, which may be closed either
with glass stoppers or good corks ; if the latter
are used, they should be covered with paraffin
paper or soaked in melted paraffin wax before
being inserted. The bottles are then finally
sealed in the usual manner. The scale should
be tightly packed into the bottles, which should
be completely filled.

3. Détermination of oil in scale. (a) Press
to be used. While no one spécial form of press
is recommended for général adoption, the press
used must have some arrangement for indicating
the pressure applied. The cup in which the
scale is placed during the application of pressure
to have an area of 20 square inches.

(b) Préparation of the sample. A quantity
of the scale, after having been freed from water
and dirt by meltlng and subsidence, is to be
allowed to cool over night to a température of
60°F. The solid mass is then ground to a fine
powder, a portion of which is used in the déter¬
mination of the oil.

(c) Quantity of scale to be used. The quan¬
tity of scale to be used in the détermination of
oil is to be 250 grains, which quantity may,
however, be redueed to 150 grains in the event
of the scale containing much oil (over 7 p.c.).
AVith ' soft ' scale the smaller quantity should.
be taken.

(d) Température at which the scale is to le
pressed. The température of the scale and the
press is to be 60°F.

IRIS - LILLIAD - Université Lille 1



PHENACETIN. 169

(e) Time which the scale is to remain under
pressure. The scale is to remain under pressure
for fifteen minutes.

(f) Pressing cloths and papers. Fine linen
pressing cloths and a number of layers of filter-
paper, sufficient to absorb ail the oil, to be used.
The exterior papers must not be soiled by oil.

(g) Pressure to be applied. The maximum
pressure is to be 10 ewt. per square incli, and
the working pressure 9 cwt. per square ineh.

4. Détermination of water in scale. The
amount of water présent in scale may be deter¬
mined by either of the following processes :

(a) Distillation from a copper flask. From
1 to 2 lbs. of the scale are heated in a conical
copper flask of about the dimensions shown in
the annexed sketch ; this is connected to an

ordinary Liebig condenser. By means of a
powerful Bunsen burner or lamp, the water,
accompanied by a small quantity of light oil, is
volatilised and condensed, The distillate is re-

ceived in a narrow graduated measure, so that
the volume of water can be readily aseertained.
As a little water usually adhères to the sides of
the condenser tube, this is to be washed out with
hydrated gasoline or naphtha and added to the
principal quantity.

(b) Price's Company's method. 500 grains
of the scale to be tested are weighed in a tared
porcelain basiu and heated with constant stirring
to 230°F. until bubbles cease to be given oif ;
the loss is then determined.

500 grains of the same scale, which has been
freed of its water and dirt by melting at a gentle
heat and subsidence, are to be heated in the
same way, to a similar température, for the same
time, and the loss again determined. The loss
in the second instance is now to be deducted
from the loss found in the first experiment, and
the remainder is then to betaken as the quantity
of water présent.

5. Détermination of dirt in scale. The
amount of dirt présent in scale is to be deter¬
mined by melting a weighed quantity of the
scale and, after subsidence, pouring ofï the clear
paraffin. The residue is then mixedwith naphtha,
thrown on a weighed dry filter-paper, washed
with naphtha or gasoline, dried and weighed.
When available, the quantity of scale to be used
in the détermination ot the percentage of dirt
should not be less than 7,000 grains.

6. Calculation of the rcsults of the analysis
of scale. As the oil is determined on scale
which has been freed from water and dirt, the
resuit must be calculated back to the original
scale containing water and dirt.

7. Détermination of the melting (setting)
point of solid paraffin. This is to be determined
by what is known as the 'English' test - i.e.,
a test tube about 1 inch in diameter is filled to
the depth of about 2 inches with the melted
paraffin, a small thermometer is inserted, and
the whole steadily stirred, while the test tube
and its contents are allowed to cool slowly. The
température at which the thermometer remains
stationary for a short time is the melting
(setting) point.

II. Flashing-point of lieavy minerai oïl.
8. Détermination of the flashing-point of

lieavy minerai oil. The oil cup and cover of
the ordinary ' Abel ' flash-point apparatus are to
be employed. The cup is filled with oil in the
usual manner, and the rate of heating is to be
such that at least fifteen minutes are taken in
raising the température of the oil to 300°F. In
the event, however, of a dispute arising as to the
correct fiashing-point of a heavy minerai oil,
the question is to be decided by means of the
' Pensky-Marten's ' apparatus (S. C.1.8, 734).

III. Viscosity of minerai oil.
9. Détermination of the viscosity of minerai

oïl. The instrument known as the ' Bedwood '
viscometer is that which is to be employed in
the détermination of the viscosity of minerai
oils. The instrument is to be standardised
according to the directions given by Mr. Boverton
Bedwood (S. C. I. 5, 127). Ordinary results
are to be expressed, as the time in seconds which
50 c.c. of the oil take to flow through the orifice
at a température of 70°F.

IV. Setting-point of minerai oïl.
10. Détermination of tlw setting-point of

minerai oil. This is determined in the following
manner. Into a test tube having a diameter of
about ly inches the oil to be tested is added to
the depth of about 2 inches ; the tube is then im-
mersed in a freezing mixture, the oil being slowly
stirred with a thermometer till it is eooled down
considerably below the température at which
solid paraffin first appears. The tube is then
removed from the freezing mixture, the oil con-
stantly stirred with the thermometer, and the
point carefully watched at which the last trace
of solid paraffin disappears. This opération is
repeated with the same sample of oil until two
experiments give concordant results, the tem¬
pérature so found being the setting-point.

B. B.
PE-TDN-TSE, PETUNSE, or PETUNTZE v.

China-stone.
PETUNZITE v. China-stone.
PEWTER v. Tm.
PH7E0SIC ACID v. Laubus nobilis.

PHJSOSIN v. Lacbus nobilis.

PHENACETIN Para - acetphenetidine
GH5O.C0H4.NH.COCH3 is probably prepared by
ethylating para-nitrophenol by Kolbe's method
(J. pr. [2] 27, 424), reducing the nitropbenetole
and acetylating the resulting amidophenetole
by boiling with glacial acetic acid.

It crystallises in eolourless needles, melts at
132-5°, and is sparingly soluble in water, soluble
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in glycerol, and readily soluble in alcohol and
•aeetic acid (Hinsberg and Kast, C. G., 1887, 358 ;
Utescher Abstr., S. C. I., 1888, 87). Aocording
tto Dujardin-Beaumetz (Chern. and Drug., 33,
244), para-acetphenetidine, if toxic, is only so in
«light degree. It is a safe and trustworthy anti-
pyretio, entirely free from injurions secondary
■effects, and in doses of 0-2 to 0-5 gram produces
•a graduai lowering of température during 4 to 6
hours, when a maximum dépression of 2°C. is
treached (D.-B.; H. and K. ; U.; Ghillany, Abstr.
S. C. I., 1887, 676 ; Kobler, C. C., 1887, 1092 ;

Hoppe, ib., 1888, 609 ; Bumpf, ib., 1888, 1103).
In larger doses (1 to 2 grams) it acts as an anti-
neuralgio.

Phenaeetin, owing to its high price, may be
■adulterated with acetanilide (antifebrine), but
this may be detected by heating with aqueous
soda and ehloroform, wliereby the characteristic
■odour of phenyl isonitrile (carbamine) is libe-
rated ; phenacetin under these conditions does
not yield the isonitrile, and may be recognised,
inasmuch as chlorine water or an aqueous solu¬
tion of bleaching powder colours its aqueous
■solution reddish-violet, afterwards changing to
red, whilst an aqueous solution of potassium
permanganate produees with it a violet colour,
whieh eventually changes to ruby-red (Schwarz,
€. C., 1888, 1010 ; Bitsert, ib., 1069).

PHENACITE v. Bep.yllicm.
PHENANTHRANAPHTHAZINE v. Azirres.
PHENANTHRAQUINONE v. Phenanthbene.
PHENANTHRAQUINONE REB v. Hydeaz-

one coloueing 5iattees.

PHENAN THRENE Orthodiplienylene-etliyl-
ene {cf. Sehultz, A. 196,1).

History.—Phenanthrene seems to have been
discoverecl almost simultaneously, in 1872 by
Fittig and Ostermayer (B. 5, 933; A. 166, 361),
Graebe and Glaser (B. 5, 861, 968, 982 ; A. 167,
131), and by Limpricht and Hayduck (B. 6, 532 ;
A. 167, 177).

Formation and Occurrence.—Phenanthrene
forms the chief constituent of the solid, readily-
soluble portions of crude anthracene. It is
obtained with other hydrocarbons when vapours
of toluene (Graebe, B. 7, 48), stilbene, dibenzyl
(Graebe, A. 167, 157 ; Barbier, A. Ch. [5] 7, 532),
turpentine (Sehultz, B. 10, 113), or Baku petro-
leum residues (Letny, B. 11, 1211), or mixtures
of diphenyl and ethylene, benzene and styrene,
or benzene and ethylene (Barbier, Le.), are passed
through a red-hot tube, and is a constituent of a
product obtained during the distillation of Idrian
quicksilver ores (Goldschmiedt, B. 10, 2022).
It is also présent in the product obtained when
morphine or eodeine are distilled with zinc-dust
(Gerichten and Schrôtter, A. 210, 396 ; B. 15,
1484, 2179). Synthetically it lias been pré¬
parée! by the action of sodium on orthobromo-
benzyl bromide (Jackson and White, Am. 2,
391).

Préparation.—The raw material for the pro¬
duction of phenanthrene is that portion of crude
anthracene readily soluble in petroleum spirit or
benzene. If not free from high boiling phénols
or from acridine it is extracted, in the first
instance, with aqueous caustio soda or sulphuric
acid. The residue is then fractionated, and the
fraction boiling at 320-350° submitted to frac-

tionation between 339-342° (Schmidt, B. 12,
1159). The product, whieh still contains some
anthracene and other hydrocarbons, is crystal-
lised from a considérable bulk of alcohol, and
the phenanthrene whieh remains in the mother-
liquors purified by crystallisation. As phenan¬
threne is less readily oxidised than anthracene,
purification can also be effected by oxidising the
impure material with potassium bichromate and
dilute sulphuric acid (Anschiitz and Sehultz, A.
196, 35), and crude anthraquinone prepared
from crude anthracene serves as a convenient
source of the hydrocarbon, since the phenan¬
threne can be separated by extraction with and
crystallisation from 85 p.c. alcohol [cf. Schmidt,
J. pr. [2] 9, 256). Wense (B. 19, 761, footnote)
states that phenanthrene can be readily purified
by dissolution in toluene. Three parts of the
crude material are dissolved in five parts of
toluene, the solution cooled to 10°, and the
crystalline séparation, consisting largely of
anthracene, filtered off. The residue left after
removal of the solvent by distillation is again
treated in the same way, and the phenanthrene
contained in the mother-liquor further purified
by fractional distillation, and subséquent crystal¬
lisation from 70 p.c. alcohol.

On the laboratory scale, phenanthrene is
conveniently purified by conversion in alcoholic
solution into the picrate (m.p. = 143-145°), whieh
crystallises from the solution in golden-yellow
needles, and yields the pure hydrocarbon on
treatment with ammonia (Limpricht, B. 6, 532 ;
cf. Hayduck, Le.).

Properties.—It crystallises in white scales,
melts at 100°, boils at 340° (therm. in vaponr),
and is insoluble in water, readily soluble in hot
alcohol, ether, carbon bisulphide, acetic acid and
benzene, forming solutions whieh exhibit a pale-
blue fluorescence. 100 parts of toluene dissolve
33-02 parts at 16-5°, and 100 parts of absolute
alcohol dissolve 2-62 parts at 16° and 10-08
parts at 78° (Bechi, B. 12, 1978), whilst 100
parts of 95 p.c. alcohol dissolve about 2 parts at
13-14° (Graebe, A. 167, 136).

Réactions.—Oxidising agents convert phen¬
anthrene into phenantliraquinone, and eventu¬
ally into diphenic acid. Sulphuric acid dis¬
solves it with the formation of two isomeric

monosulphonic acids (Graebe, A. 167, 152;
Japp, C. J. 37, 83), and nitric acid convertsit
into a mixture of three isomeric mononitro-

phenanthrenes (Schmidt, B. 12, 1154). With
chlorine and bromine it forms unstable addi¬
tion compounds, whieh very readily undergo
conversion into halogen derivatives (Fittig and
Ostermayer, l.c. ; Hayduck, Z.c. ; Zetter, B. 11,
165).

Of the various phenanthrene derivatives,
phenantliraquinone and diphenic acid will alone
be described here.

Phenanthraquinone ^CcilCO^-
Préparation.—The portion of the easily-

soluble solid constituents of the coal-tar fraction
boiling at 320-340°, preferably free from high-
boiling phénols and acridine, is oxidised in
quantitieS of 100 grms., each amount being
added to a warm solution of 300 grms. of potas¬
sium bichromate in 900 grms. of sulphuric
acid diluted with 1-5 litres of water contained in
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a large porcelain dish. The réaction is at first
very vigorous, but afterwards requires to be
assisted by gentle warming, a further 300 grms.
of powdered potassium bichromate being added,
and the liquid finally boiled for some time.
After cooling, the reddisli-yellow insoluble quin-
one is filtered off through linen and washed
with water until the runnings are no longer
coloured. The product, which oonsists of plien-
anthraquinone mixed with some phenanthrene,
anthraquinone, diphenie aeid, diphenylene-
ketone, carbazole, and acridine, is dried,
powdered, stirred into concentrated sulphurie
acid, and after '24 hours mixed with water,
heated to boiling, and filtered with the object of
removing chromium salts, diphenie aeid, acrid¬
ine, i'c., the last traces of organie acids or
hydrocarbons being removed by extracting the
residue with very dilute, cold aqueous caustic
soda, washing with water, drying, and extracting
with ether. The residue, consisting of phenan-
thraquinone and anthraquinone, is freed from
the latter by digestion with warm, concentrated
aqueous sodium bisulphite in which the phenan-
thraquinone dissolves, and from which, after
filtration, it is precipitated by addition of a solu¬
tion of potassium bichromate in dilute sulphurie
acid. After washing with water and drying, the
phenanthraquinone is erystallised from alcohol
or coal-tar hydrocarbons (Anschiitz and Schultz,
A. 196, 38).

Properties.—It crystallises in tufts of long
orange-yellow needles, mclti at 198° (Fittig and
Osterinayer, l.c.), 200° (Schmidt, J. pr. [2] 9,
255), 202° (Hayduck, l.c.), 205° (Graebe, l.c.),
boils above 360° without décomposition, sub¬
limes in orange-red tables, and is very slightiy
soluble in water, soluble in alcohol and ether,
and readily soluble in benzene and acetic acid.
Concentrated sulphurie acid dissolves it in the
cold forming a green-coloured solution.

Reactions.—Phenanthraquinone, unlike an¬
thraquinone, dissolves in alkaline bisulphite
solutions, and is readily reduced to the hydro-
quinone by warming with sulphurous acid
(Graebe, Z.c.). When boiled with fuming hy-
driodic acid it is reduced to phenanthrone

(Japp and Klingemann, C. J.
Proc. 1890, 31) ; when distilled with zinc-dust
it yields phenanthrene. On nitration with boil¬
ing nitric acid it forms mononitrophenanthra-
quinone (Anschiitz and Schultz, B. 9, 1404),
and with a mixture of concentrated nitric and
sulphurie acids two isomeric dinitro- derivatives,
of which that melting at 294° is the chief pro¬
duct (Graebe, l.c.). Towards alkalis, phenanthra¬
quinone exhibits a remarkable behaviour; thus,
when boiled with aqueous caustic potash, soda, or
baryta it is converted initially into diphenyl-
glycollic acid <gsg'^>C(OH).COOH(Caro,B.10,
126, 534), which by further action of the alkalis

p TT
yields diphenyleneketone, (Anschiitz
and Japp, B. 11, 211), and fluorene alcohol

<^ç6y^>CH.0H (Anschiitz and Schultz, A. 196,
47) ; when boiled with alcoholic potash it gives
diphenie acid (Anschiitz and Schultz, A. 196,49),

and when distilled with soda-lime it yields
diphenyl (Graebe, l.c.), and with caustic lime
diphenyleneketone, fluorene alcohol, and fluorene
(Anschiitz and Schultz, A. 196, 44).

■Phenanthraquinone yields condensation com-
pounds with many substances ; those with the
sulphonic acids of aromatic hydrazines are
orange and red dyes (cf. Aeiieng. fiir Anilinfab.,
Germ. Pat. 40745 of Jan. 27, 1887 ; v. Hydeaz-
one coloubing matxebs).

Détection.—Phenanthraquinone in acetic aeid
solution, on addition of a drop of crude coal-tar
toluene (containing thiophen) and some concen¬
trated sulphurie acid, forms a bluish-green liquid,
which, when poured into water and shaken out
with ether, gives an intense reddish-violet colour
to the ethereal solution, an appréciable eoloura-
tion being obtained when only 0-0005 grm. of
the quinone is employed (Laubenheimer, B. 8,
224: Y. Meyer, B. 16, 1624, 2972).

Diphenie acid COOH.C„H,.C6H,.COOH.
Préparation.— Phenanthraquinone is heated

in a reflux apparatus with a solution of 2 parts
of potassium bichromate in 3 parts of sulphurie
acid diluted with 5 parts of water ; when dis-
solved the solution is cooled, filtered, and the
residue dissolved in ammonia, precipitated by
an acid, and the precipitated diphenie acid
purified by crystallisation from alcohol (Hummel,
A. 193, 116).

Properties.—It crystallises in scales or mono-
clinic prisms, melts at 228-229° (Schultz, A.
203, 97), sublimes in needles, is tolerably soluble
in hot water, and readily soluble in alcohol
and ether. Acetic chloride (Anschiitz, B. 10,
3*26) or dehydrating agents such as acetic anhy¬
dride (Anschiitz, B. 10, 1884) or sulphurie acid
(Graebe and Mensching, B. 13, 1302) convert it
into the anhydride, which by prolonged heating
décomposés into carbon dioxide and diphenyl¬
eneketone.

Or thodiamidodiphenic acid.
COOH.C6H3(NH2).C6H3(NH„).COOH.[NH2:COOH
= 1:2] is obtained when a mixture of equal
weights of orthonitrobenzoic acid, aqueous
caustic soda of 40°Bé., and water is heated at
100° with a like amount of zinc-dust added from
time to time in small quantities, and the réduc¬
tion continued until a test after boiling with water
gives a colourless solution. The reduced mass
is then boiled out with hydrochloric acid, and
the filtrate on cooling gives an almost complété
séparation of the hydrochloride of orthodiamido-
diphenic acid, which can be purified by dissolu¬
tion in ammonia and précipitation with acetic
acid (Bad. Anilin- und Sodafabrik, Germ. Pat.
43524 of Oct. 28,1886 ; cf. Griess, B. 7, 1612).

Properties.—The tetrazo- compound interacts
with naphtholsulphonic or naphthylaminesul-
phonic acids forming red, violet, or blue direct
cotton dyes (B. A. S. P., l.c.).

Metadiamidodiphenic acid [NK,:COOH
= 1:3] is obtained from metanitrobenzoic acid
by the method just given for the ortho- compound
(Griess, B. 7, 1609), and from dinitrodiphenic
acid (prepared from dinitrophenanthraquinone,
m.p. = 294°) by réduction with tin and hydro¬
chloric acid (Struve, B. 10, 76 ; Schultz, A. 196,
26).

Properties.—It crystallises with 1J H20 in
short needles sparingly soluble in water and
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alcohol. The tetrazo- componnd interacts with
naphthols or naphtholsulphonic acids forming
orange, scarlet, or violet disazo- dyes, which are
almost destitute of the property ol dyeing un-
mordanted cotton, and hence have no technical
value (Paul, Germ. Pat. 41819 of Oct. 5, 1886 ;
Beyer and Kegel, Germ. Pat. 44089 of Peb. 26,
1887 ; 44161 of June 24, 1887).

Paradiamidodiphenic aeid (Stras-
burger, B. 16, 2347). W. P. W.

PHENETOLE CcH5.O.C.2H5.
Préparation.—Phenetole can be obtained by

heating potassium phenate with ethyl iodide
(Cahours, A. Ch. [3] 27, 463), or by heating
a mixture of equal parts of phénol and phos-
phorus pentoxide at 200° and gradually adding
alcohol (Kastropp, B. 10, 1685). It is prepared
by heating molecular proportions of crude
calcium or sodium sulphovinate and sodium
paenate (prepared by mixing molecular pro¬
portions of phénol and aqueous caustic soda of
sp.gr. = 1-33) at 150° for some hours (Kolbe, J.
pr. [2] 27, 424).

Properties.—It is a colourless, aromatic
liquid, insoluble in water, but soluble in alcohol
and ether. It boils at 172° (Cahours), at
171'5-172,5° at 762-4 mm. (Schiff, A. 220, 105).

PHENETOLE BEL v. Azo- colodiiixg matteks.

PHENICIENNE v. Phenïl brown.

PHENOL AND ITS HOMOLOGL'ES. The
hydroxy- derivatives of benzene and its homo¬
logues are usually classed together as phénols,
and are distinguished as monohydric, dihydric,
<fcc., according to the number of hydroxyl-
radieles présent in the molecule.

Occurrence.—Several of the most important
monohydric phénols—e.g., phénol, cresols and
xylenols—are présent in eoal tar, blast-furnace
tar, coke-oven tar, shale tar and beechwood
tar. Other phénols—e.g., thymol, hydroquinone
(quinol), orcinol, and phloroglucinol—oceur in
certain plants, frequently as glucosides. Mono-
and di-methyl ethers of pyrocatechol, homo-
pyrocatechol, pyrogallol, methylpyrogallol and
propylpyrogallol occur in beechwood tar (v.
Créosote), and the pyrogallic ethers have been
isolated from shale tar.

Préparation.—From the eorresponding hy-
drocarbons phénols can be obtained by direct
oxidation with dry oxygen in the presence of
aluminium chloride (Friedel and Crafts, Bl. 31,
463). Other synthetical methods, of more or
less général application, have been devised, but
the processes in use on the large scale are two
in number :—

(1) Fusion of the sulphonic acids derived
from the hydrocarbons with excess of caustic
potas'.i or soda.

(2) Conversion of the amido- derivatives of
the hydrocarbons into diazo- compounds, and de-
composition of these by boiling with water acidi-
fied with snlphuric acid.

General Réactions.—(1) In aqueous solution
many phénols give characteristic colourations—
green, blue, violet, &c.—on treatment with neu-
tral ferrie chloride. The reaction is dépendent
upon the presence of hydroxylic hydrogen, since
no colouration is obtained when this has been
displaced by alkyl or acid radieles.

Blue, violet, or purple colourations are also
obtained in many instances by mixing phénols

with strong sulphuric acid containing nitrous
acid (Liebermann, B. 7, 248, 1098).

(2) Phénols behave as weak acids, dissolv-
ing in caustic alkalis with the formation of
phenates, which are not decomposed by water.

(3) Like the tertiary alcohols of the fatty
sériés, to which they bear considérable analogy,
the phénols on treatment with fatty acids are
found to have a small initial velocity and a low
limit of etherification (Menschutkin, B. 11,2151;
A. 197, 220). Phénol ethers containing acid
radieles are therefore prepared by treating the
phénol with an acid chloride, thus

C6H5OH + CH,.COCl = CjHJ.O.COCHJ + HC1.
A convenient means of conducting the réaction
is to warm equimolecular proportions of the
phénol and fatty acid with -J mol. prop. of phos-
phorus oxychloride (Nencki, J. pr. [2] 25, 282;
Seifert, J. pr. [2] 31, 467).

(4) Phénol ethers containing alkyl radieles
are obtained by digesting the potassium or
sodium salts of the phénol either with an alkyl
iodide (Cahours, A. 78, 226) or with a sulpho¬
vinate (Kolbe, J. pr. [2] 27, 424), thus:

C„H5OK + CH.,I = C6Hs.O.CH3+KI.
The ethers are stable in the presence of alkalis,
but on digestion with hydriodic or hydrochloric
acids are decomposed into phénol and alkyl
iodide or chloride, the method being employed
for the préparation of pyrocatechol and other
phénols from the ethers oceurring in beechwood
tar.

(5) On oxidation phénols exhibit no analogy
with the tertiary fatty alcohols. Many phénols
in alkaline solution are oxidised on exposure to
the air with the formation of complex products
of unknown composition. Those which contain
liydroxyl- radieles in the para- or 1:4-position—
e.g., hydroquinone—yield quinones on oxida¬
tion with dilute chromic acid mixture or perman¬
ganate. In these cases the hydroxylic hydrogen
is alone affected by the oxidising agent, and
oxidation of the side chains in the homologues
of phénol does not take place unless this is re-
placed by alkyl radieles, or preferably inorganic
acid radieles (Heymann and Kônigs, B. 19,705,
3304).

Fusion with caustic potash or caustic soda
results in the production of polyhydric phénols
in the case of the hydroxybenzenes, phénol, and
resorcinol (q. v.). With phénols containing side
chains, however, oxidation ensues with the pro¬
duction of hydroxy- acids, the rule being that
when two or more alkyl- radieles are présent the
one adjacent to the hydroxyl first undergoes
oxidation :1 thusmetaxylenol [Me:Me:OH = 1:3:4]
yields successively orthohydroxymetatoluic acid
[Me:COOH:OH = 1:3:4], and hydroxyisophthalic
acid [COOH:COOH:OH = 1:3:4].

(6) Phénols can exchange hydroxyl for other
radieles ; thus the eorresponding hydrocarbons
resuit on distillation with zinc-dust (Baeyer,
A. 140, 295), amidobenzenes are obtained in
small quantity by heating with ammonia and
zinc chloride at 280-300° (Merz and Weith,
B. 13, 1298), and thiophenols with other thio-
derivatives are produced by distillation with
phosphorus pentasulphide (Kekulé, Z. 1867,193;
cf. Graebe, A. 179, 179).

1 Thymol is an exception, yielding in the first instance
thymohydroxycumic acid [COOH:OH:C3H,£=1:3:4],
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(7) When heated with caustic soda or caustic
potash, phénols combine with carbon dioxide
forming hydroxy- acids (Kolbe, J. pr. [2] 10, 93 ;
11, 24 ; Ihle, J. pr. [2] 14, 454 ; Schmitt, J. pr.
[2] 31, 407, Germ. Pat. 29939 of June 24, 1884 ;
cf. Germ. Pat. 38742 of May 30, 1886 ; Kos-
taneeki, B. 18,3203). Hydroxy- acids also resuit
when phénols are heated with carbon tetra-
chloride and caustic soda,

C8Hr>.ONa + CCI, + 5NaOH
= ONa.C8H4.COONa + 3H„0 + 4NaCl

(Keimer and Tiemann, B. 9, 1285 ; Hasse, B. 10,
2186; Schall, B. 12,819), and hydroxy-aldéhydes
when chloroform is substituted for the tetra-
chloride (Beimer and Tiemann, B. 9, 824 ; Tie¬
mann and Herzfeld, B. 10, 63 ; Tiemann and
Schotten, B. 11, 772).

(8) Phénols yield substitution derivatives far
more readily than the corresponding hydrocar-
bons; thus dilute nitric acid readily eonverts
phénol into a mixture of ortho- and para- nitro-
phenol. The halogen and nitro- derivatives are
more strongly acid in character than the phénols
from which they are derived, the acid character
being the more pronounced the greater the
number of halogen atoms or nitro- groups intro-
ducecl into the molecule—picric acid (trinitro-
phenol), for example, decomposing alkaline
carbonates and forming salts of considérable
stability.

The action of iodine in potassium iodide
solution on phenates has heen studied by Mes-
singer and Vortmann (B. 22, 2312 ; cf. Farben-
fab. vorm. F. Bayer & Co.'s Germ. Pat. 49739 of
Mar. 9, 1889). Phénol yields a dark-red non-
crystallisable triiodide C8H3I2.OI, isomeric with
the ordinary white triiodide. Cresols, thymol,
carvacrol (Bayer & Co., Germ. Pat. 53752 of
Feb. 23,1890), isobutylphenol (ibid., Germ. Pat.
56830 of Nov. 2, 1890), and resorcinol (ibid.,
Germ. Pat. 52828 of Aug. 30, 1889) also give
iodine derivatives, and the thymol compound
CjjHjjOjIj has been introduced as an iodoform
substitute under the name annalidin (cf.
Ph. J. [3] 20, 241).

For further information with regard to sub¬
stitutionderivatives of phénol otherthan trinitro-
phenol (v. Picnrc acid), nitrocresols (v. Victoria
yellow), and nitrosophenols (v. Quinonoximes),
Watts' Dictionary of Cheaiistry should be con-

6ulted.

I. Monohydric Phénols.

Phénol C6H5.OH.
Phénol or carbolic acid has already been

described (v. Carbolic Acid). For médicinal
purposes it is now prepared from aniline by the
diazo- reaction (Ph. J. [3] 20, 241). So obtained
it melts at 41-42°, boils at 181°, and has very
little odour.

Phénols C7H..OH.
The isomeric cresols have already been de¬

scribed (v. Cbesol).
Phénols CSH,.0H.
Xylenols C^Me^OH.1
Occurrence.—A xylenol boiling at 219-220°

occurs in beechwood-tar creosote in the fraction
boiling at about 220° (Harasse, A. 152, 75 ; Tie-

1 Theradicles are given in the order Me:Me:OH.

mann and Mendelssohn, B. 10, 57). Xylenols,
especially the 1:3:4- isomeride, are présent in
considérable quantities in the fraction of blast-
furnace tar, boiling at 205-230° (Smith, Coutts
and Brothers, C. J. 49, 22), and two xylenols, the
1:3:5- and 1:2:4- isomerides, are présent in the
coal tar fraction, boiling at 170-210° (Schulze,
B. 20, 410).

Préparation.—The 1:2:4-, 1:3:2-, 1:3:4- and
1:4:2- xylenols have been obtained byfusing the
corresponding xylenesulphonic acids with caustic
potash ; the remaining two isomerides have been
prepared from the corresponding xylidines by
the diazo-reaction.

Properties.—(1) 1:2:3- xylenol (Tôhl, B. 18,
2562) crystallises in slender needles, melts at
75°, boils at 218°, and in aqueous solution gives
a blue eolour with ferrie chloride.

(2) 1:2:4- xylenol (Jacobsen, B. 11, 28 ; 17,
161) forms long needles, melts at 62'5°, boils at
225° under 757 mm. pressure, and gives no
eolour with ferrie chloride.

(3) 1:3:2- xylenol (Jacobsen, B. 11, 26 ; 21,
2828 ; Nôlting and Pick, B. 21, 3154) forms scales
or fiât needles, melts at 49°, boils at 211-212°,
and gives no eolour with ferrie chloride.

(4) 1:3:4- xylenol (Jacobsen, B. 11, 2052 ;
Harmsen, B. 13, 1558) crystallises in needles,
melts at 26° (Stâdel and Holz, B. 18,2921), boils
at 211-5° (Jacobsen, B. 18, 3464), and in aqueous
solution is coloured blue, in alcoholic solution
green, by ferrie chloride.

(5) 1:3:5- xylenol (Tôhl, B. 18, 362) crystal¬
lises in slender needles, melts at 68° (Nôlting
and Forel, B. 18, 2679), boils at 219-5°, and
gives no eolour with ferrie chloride.

(6) 1:4:2- xylenol (Jacobsen, B. 11, 26) crys¬
tallises in large flat needles, melts at 74-5°,
boils at 210° (Nôlting, Witt, and Forel, B. 18,
2665), and gives no eolour with ferrie chlor¬
ide.

Para-ethylphenol C8H4Et.OH (Fittig and
Kiesow, A. 156, 251 ; Errara, G. 14, 484 ; Auer,
B. 17, 670).

Plienols CsH,,.OH.
The following phénols are obtained either by

fusing the corresponding potassium sulphonates
with caustic potash or by the diazo- reaction
from the corresponding cumidines :—

Hemellithol [Me,:OH= 1:2:3:5] (Jacobsen,
B. 19, 2518).

a-P seudoeumenol [Me3:OH =1:2:4:5] (Reu-
ter, B. 11, 29 ; Liebermann and Kostanecki, B.
17, 885 ; Auwers, B. 17, 2976).

/8-Pseudocumenol [Me3:OH = 1:2:4:6] (Ed-
ler, B. 18, 629 ; Jacobsen, B. 19, 1218).

7-Pseudocumenol [Me3:OH = 1:2:4:3] (En-
gel, B. 18, 2229).

Mesitol [Me3:OH = 1:3:5:6] (Biedermann
and Ledoux, B. 8, 59, 250 ; Jacobsen, A. 195,
268).

Phénols C10H1S.OH.
The three theoretically possible tetramethyl-

phenols, durenol [Me4:OH = 1:3:4:6:2] (Jacob¬
sen and Schnapauff, B. 18, 2843), isodurenol
[Me4:OH--= 1:3:4:5:2] (Jacobsen, B.15,1854), and
prehnitol [Me4:OH = 1:2:3:4:5] (Tôhl, B. 21,
907), have been obtained from the correspond¬
ing tetramethylbenzenesulphonic acids by fusion
with caustic potash.
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Carvacrol Orthocymophenol, methylisopropyl-
phénol (cf. Widman, B. 24, 455) CeH3Pr£Me.OH
[Me:OH:PrjS = 1:2:4],

Occurrence.—It occurs in the ethereal oils
of Origanum hirtuni and Satureja hortensis
(Jahns, J. 1879, 942; B. 15, 816), of Satureja
montana (Haller, Bl. 87, 411), and also in small
quantity in the oil of Thymus serpyllum (Jahns).

Formation.—It is obtained in good yield by
carefully fusing a mixture of sodium cymene-
sulphonate with 3 parts of caustie potash (Pott,
B. 2, 121; Miiller, B. 2, 130; Jacobsen, B. 11,
1060), aeidifying with hydrochloric acid and
extracting with ether.

It is also formed from earvole, a constituent
of cumin oil, by heating with glacial phosphoric
acid, much heat being evolved in the réaction
(Kekulé and Fleischer, B. 6, 934 ; Lustig, B. 19,
12).

Properties.—It is a thick oil, which solidifies
at — 20°, melts at about 0°, and boils at 236-5-237°
(Stohmann, J. pr. [34] 319). Its alcoholic solu¬
tion is coloured green by ferrie chloride.

Thymol Metaeymophenol, methylisopropyl-
phenol (cf. Widman, B. 24,455) Pr£(Me)C„H3.OH
[Me:OH:Pr/3 = 1:3:4],

Occurrence.—Thymol occurs in the essential
oil of the common garden thyme, Thymus
vulgaris (Doveri, A. 64, 374 ; Lallemand, A. Ch.
[3] 49, 148), of the seeds of Ptychotis Ajowan
(Stenhouse, A. 98, 307 ; Millier, B. 2, 130), of
horsemint, Monarda punctata (Arppe, A. 58,42),
and together with some carvacrol in the oil of
Thymus serpyllum (Jahns, B. 15, 819).

Préparation.—Il is obtained from oil of
thyme by shaking with aqueous soda, separating
the undissolved terpene, and aeidifying the alka-
line extract with hydrochloric acid; the pre-
cipitated thymol is then crystallised from acetic
acid.

Properties. — Thymol crystallises in large
monoclinie (Miller, A. 93, 269) or hexagonal
(Miller, A. 98, 310) prisms, melts at 51'5° (Stoh¬
mann, J. pr. [2] 34, 820), boils at 222° (Stenhouse,
l.c.), at 230° (Lallemand, l.c.), and bas an odour
of thyme. It requires about 333 parts of water
for its solution, but dissolves readily in alcohol
and acetic acid. When heated with phosphorus
pentoxide it yields metacresol and propylene,
whilst with phosphorus pentasulphide it gives
cymene (l:4-methylisopropylbenzene) (Fittica,
A. 172, 305 ; cf. Widman, B. 24, 453).

Détection.—When an aqueous thymol solu-
. tion is treated with £ part of acetic acid, and
then with 1 part of sulphuric acid and warmed,
it becomes red-violet. The reaction is a very
delicate one, but only sueceeds when the material
is free from substances which are decomposed
and coloured by sulphuric acid. This red solu¬
tion gives a broad absorption band at E and a
less strongly marked one at D (Wolff, Fr. 22, 96).
For other tests v. Hirsehsohn (Fr. 22, 574) and
Borntrâger (Fr. 29, 572).

Paraisobutylphenol is obtained by heating
phénol (10 parts), isobutyl alcohol (8 parts), and
zinc chloride (24 parts) at 180° (Liebmann, B. 14,
1842 ; 15, 150 ; Actieng. fiir Anilinfab., Germ.
Pat. 17311 of July 10, 1881, expired Nov. 1883).
It crystallises in needles, melts at 97'5-98°, boils
at 236-238° (cf. Studer, A. 211, 242), and has an
odour resembling that of thymol.

II. Dihydkic Phénols.

Phénols C6H4(OH)2.
The three theoretically possible isomerides

of this formula are known.
Pyroeatechol Pyrocatechin, catechol

C„H4(OH)2 [OH:OH = l:2],
Occurrence.—Pyroeatechol has been detected

in the autumnal leaves of the Virginia creepei
(Ampélopsis hederacea) (Gorup Besanez, B. 4,
905), in the various kinds of kino (Fliickiger,
B. 5,1), and in crude beet-root sugar (Lippmann,
B. 20, 3298).

Formation.—Pyroeatechol is obtained by the
dry distillation of morintannic acid contained in
fustic (Wagner, J. pr. 51, 95; 52, 450; 55,65),
of various catechins : hence the name pyrocate¬
chin (Zwenger, A. 37, 327 ; Wackenroder, A. 37,
309), of ail tannins which turn ferrie salts green
(Eissfeldt, A. 92,109, compare Uloth, A. 111,219),
of protocatechuic acid (Strecker, A. 118, 285;
Tiemann and Haarmann, B. 7, 618), and of wood.
It occurs, therefore, in crude pyroligneous acid,
the proportion amounting to 0'l-0'2 p.c. accord-
ing to Buchner (A. 96, 188). It is also formed
in small quantity by heating filter-paper at 200°,
or starch or sugar at 280°, with water for fron>
4 to 6 hours (Hoppe-Seyler, B. 4, 15).

It is obtained pure and free from its isomerides
when orthiodophenol (Lautemann, A. 120, 315 ;
Kôrner, Z. 1868, 322 ; Nôlting and Stricker,
B. '20, 3019) and orthophenolsulphonic acid
(Kekulé, Z. 1867, 643 ; Barth and Senhofer, B. 9,
972 ; Degener, J. pr. [2] 20, 300) are fused with
caustic potash. It is also formed, together with
resorcinol as chief produet, when orthochloro-
phenol (Nôlting, B. 9, 1794) and orthobromo-
phénol (Fittig and Mager, B. 8, 363) are fused
with caustic potash, whilst metabromopkenol
likewise gives a mixture of pyroeatechol and
resorcinol under similar conditions (Fittig and
Mager, ibid. 365).

Préparation.—(1) Pyroeatechol can be pre-
pared from its methyl-salt, guaiacol, which forms
the chief constituent of the fraction of Khenish
beechwood-tar creosote boiling at 200-205°, by
heating it at 195-200° in a retort attached to a
condenser and passing a eurrent of gaseons
hydrogen iodide through it until rnethyl iodide
no longer distils over and red streaks make their
appearance on the sides of the flask. The
opération is then stopped to avoid the formation
of décomposition products, the contents of the
retort fractionated, and the fraction boiling at
220-250° is further purified by crystallisation
from benzene. The yield of pyroeatechol from
1 kilo, of beechwood-tar creosote boiling at
200-205° amounts to about 46 grams (Baeyer,
B. 8, 155). Aecording to Perkin, jun. (C. J. 57,
587), an almost quantitative yield can be obtained
by slightly modifying the method, and employing
fuming aqueous hydrogen iodide (sp.gr. = l'96)
instead of the gas. A solution of guaiacol .in
1^ times its weight of fuming hydriodic acid is
gently heated for about an hour in an apparatus
attached to a condenser (to condense the elimi-
nated rnethyl iodide), allowed to cool slightly,
mixed with £ its weight of hydriodic acid, and
heated as before for an hour. The produet,
after washing with water, is extracted with
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ether, the ether removed by distillation, and tlie
residual oil purified by rapid fractionation.

(2) Pyrocatechol can be obtained perfectly
pare by fusing phenolorthosulphonic acid with
24 mol. props. of caustic potash at 320-330°,
tbe yield then amounting to about 20 p.o. of the
theoretical. By using less potash or a lower
température a smaller yield is obtained, as is
also the case when the fusion is effected at 400°
(Degeuer, J. pr. [2] 20, 307).

Properties.—It erystallises from water in
prismatic needles and from benzene in broad
scales, melts at 1045 (Fittig and Mager, l.c.),
boils at 240-245° (Wagner), at 245° under a
pressure of 730 mm. (Graebe, A. 254, 296), and is
readily soluble in water, alcohol, ether, and benz¬
ene. Its aqueous solution reduces solutions of
the salts of the noble metals, and précipitâtes
cuprous oxide from Fehling's solution on gently
ivarming, and its allraline solution rapidly
becomes brown on exposure to the air.

Réactions.—When heated with phthalie an¬
hydride and an excess of sulphuric acid at 140°
it is converted into alizarin (Baeyer and Caro, B.
7,972) and liystazarin (Liebermann, B. 21, 2501 ;
Schôller, B. 21, 2503), and when heated with
phthalie anhydride and zinc chloride at 140°
jiAispyrocatecholphthaleïn (Baeyer andKoehen-
dôrfer, B. 22,2196).

Pyrocatechol also forms condensation com-
pounds with aminés; thus, when heated with
orthophenylenediamine it yields phenazine (Bis,
B. 19, 2206), and with orthamidophenol and
orthamidothiophenol yieldsplienoxazine (Bernth-
sen, B. 20, 942) and thiodiphenylamine (Bernth-
sen, B. 19, 3255) respectively.

Détection.—Pyrocatechol in aqueons solution,
on treatment with aqueous ferrie chloride gives
an emerald-green eolour, which changes to a
violet-red on addition of sodium carbonate

(Hlasiwetz and Barth, A. 130, 353). The reaction
succeeds best if a 4 p.c. ferrie chloride solution
isemployed and sodium bicarbonate is substituted
for the carbonate (Ebstein and Huiler, Fr. 15,
465).

Estimation.—The aqueous solution of pyro¬
catechol is precipitated with a coneentrated
solution of lead acetate and the precipitate
rapidly washed with water 5 or 6 times to
free it from the excess of lead acetate, dried
at 100-110°, and weighed. The precipitate
has the composition C#H402Pb, and is very
sparingly soluble in water but readily soluble in
acetic acid (Degener, J. pr. [2] 20, 320 ; compare
Zwenger, l.c.).

Derivatives. — Guaiacol OH.C6H4.OMe is
forrned in the dry distillation of guaiacum resin
(Sobrero, A. 48,19 ; Yôlckel, A. 89,349) ; by heat-
ing the calcium sait of vanillic acid with lime
(Tiemann, B. 8, 1123) ; by heating molecular
proportions of pyrocatechol, caustic potash, and
potassium methyl sulphate at 170-180° (Gorup
Besanez, A. 147,248) ; and occurs in beeehwood-
tar creosote (Hlasiwetz, A. 106, 362). To obtain
it from the last-named source, the fraction boil-
ing at 200-205° is repeatedly shaken with toler-
ably strong ammonia, then washed with water
and rectifled. The product is then dissolved in
an equal volume of ether, and the potassium sait
which separates on addition of a slight excess of
coneentrated alcoholic potash is washed with

ether, reerystallised from alcohol, and finally
decomposed by dilute sulphuric acid.

The barium salts of guaiacol and creosol are-
much less soluble in water than those of the.
admixed phénols, and afford a means of rapidly
and cheaply purifying these substances ; 40.
kilos, of beechwood-tar creosote are mixed with a.

solution of 64 kilos, of crude barium hydrate in.
150 litres of hot water. On cooling, the crys-
talline magma is filtered oS, pressed, washed
once with water, and the guaiacol, which is
mixed with more or less creosol, separated by the.
addition of hydroehloric acid and subséquent
steam distillation. The distillate on treatment
with aqueous caustic potash gives the sparingly
soluble crystalline salts of guaiacol and creosol,.
the two phénol ethers being finally separated by
rectification (Dr. v. Heyden's Nachfolger, Germ.
Pat. 56003 of Aug. 5, 1890).

Properties.—Guaiacol is an oil, which boils-
at 200°, has a sp.gr. = lT17 at 13° (Hlasiwetz),
an aromatic odour, and in alcoholic solution
gives an emerald-green colourwith ferrie chloride-
Digestion with hydriodic acid (Baeyer, B. 8,155)-
or hydroehloric acid (Perkin, jun., C. J. 57, 589)
converts it into pyrocatechol. When heated with
phthalie anhydride and stannic chloride it yields-
guaiacolplithalein (Baeyer and Kocliendôrfer, B.
22, 2199).

Veratrol C„H4(OMe)2 is obtained by distil-
ling veratric acid with baryta (Merck, A. 108, 60)
and by the methylation of the potassium sait of
guaiacol (Marasse, A. 152, 74). It is an oil which
solidifies at 15°, boils at 205-206°, and has a.

sp.gr. = 1-086 at 15°.
Kesorcinol Besorcin C6H4(OH)»rOH:OH

= 1:3],
Formation.—Besoreinol was first obtained.

by fusing galbanum and gum-ammoniac (Hlasi¬
wetz and Barth, A. 130, 354), asafœtida (ibid. A.
138, 63), acaroid-resin and sagapenum (ibid. A-
139, 80), and probably ail resins which yield
umbelliferone on dry distillation (ibid. A. 139,-
83 ; compare Hlasiwetz and Grabowski, A. 139,
100) with caustic potash, and received its name-
resorcinol on account of its production from
resins and similarity to orcinol. It is also
formed by the dry distillation of brasilin (Kopp,
B. 6, 447).

It is obtained by fusing metiodophenol
(Korner, Z. 1868, 322 ; Nôlting and Stricker, B.
20, 3021), phenolmetasulphonie acid (Barth and
Senhofer, B. 9, 972), or benzenemetadisulphonic
acid(Garrick, Z. 1869,551; Barth and Senhofer,
A. 174, 238 ; Degener, J. pr. [2] 20, 318) with
caustic potash, and its connection with the meta-
series is established by its formation by the-
diazo- reaction from metamidophenol (Bantlin,.
B. 11. 2101).

It is, moreover, formed as sole product when
ehlorobenzeneparasulphonic acid (Oppenheim
and Vogt, A. Supplb. 6, 376), benzeneparadisul-
phonic acid, owing to the intermediate formation
of phenolmetasulphonie acid (Barth and Sen¬
hofer, B. 8, 1483), and parabromophenol (Fittig
and Mager, B. 7, 1177) are fused with caustic
potash ; whilst orthochlorophenol (Nôlting, B.
9, 1794) and orthobromophenol (Fittig and
Mager, B. 8, 364) give pyrocatechol, and para-
chlorophenol (Petersen, B. 6, 1399) and pariodo-
phenol (Korner, Z. 1868, 322 ; Nôlting and-i
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Wrzesinski, B. 8, 820) give hydroquinone in
addition under like conditions. Nolting and
Stricker (B. 20, 3022) point out that this seeming
intramolecular change is probabiy due to the
alkali acting, in the first instance, as an oxidis-
ing, and subsequently as a reducing agent ; the
formation of resorcinol from parabromophenol
being represented by the équations :

(1) CcH4Br.0H+0
= OH.C8HsBr.OH[OH:OH:Br = i:3:4],

(2) OH.CjHjBr.OH + H. = OH.C„HrOH + HBr.
Préparation.—Besorcinol is usually prepared

by fusing benzenemetadisulphonic acid with
caustic alkali.

1. Mûhlhaiiser has given in considérable
détail an account of the manufacture of resor¬

cinol as carried on at the présent day (D. P. J.
263 (1887), 154), and Schoop has also described
the process in almost the same words, adding to
his paper illustrations drawn to scale of the
plant employed (Zeit. fur Chem. Ind. 1887, part
13, p. 1). Benzenemonosulplionic acid is first
prepared by treating 60 kilos, of pure benzene
(free from thiophen) with 300 kilos, of sulphuric
acid of 67°Bé. in a cast-iron pan provided with
an agitator and a leaden reflux condenser. To
bring about the reaction the mixture is continu-
ally stirred for about 10 hours, and a very gentle
heat applied by rneans of steam. For the pur-
pose of preparing the disulphonic acid, the mono-
sulphonic acid dissolved in the excess of sul¬
phuric acid is run into a second cast-iron pan
(fitted with an agitator and a condenser), mixed
with 85 kilos, of powdered and perfectly dry
( ? sodium) sulphate, and heated in an oil bath
so that the température of the mixture remains
at 225° for eight hours. During the first half of
this time benzene to the amount of about 10
kilos., distils over, and is collected, whilst sul-
phurous acid is evolved and escapes. The pro-
duct is stirred into 1500 litres of water, and
converted into sodium sait in the usual way,
whieh, after thoroughly drying, is powdered and
sieved. The yield amounts to about 200 kilos.
For the fusion with alkali, 250 kilos, of caustic
soda and 10 kilos, of water are heated over a direct
flame in a cast-iron pot (provided with stirring
apparatus) until the molten mass is judged to
be sufficiently hot to remain liquid on addition
of the sodium sait ; this température being
reached when a little common sait thrown in
dissolves rapidly with a hissing Sound. The
stirrer is then set in motion, 125 kilos, of the
dry sulphonate are quickly introduced, and when
the melt has become brown and gives no further.
evidence of reaction it is ladled out, cooled,
broken up, and dissolved in 500 litres of water.
Hydrochloric acid is then added to acid reaction,
the liquor extracted by four successive treatments
with purified amyl alcohol in quantities of 100
kilos., the latter removed by distillation witli
steam, and the residual liquor in the still evapo-
rated to dryness in an enamelled pan. To
purify the resorcinol thus obtained it is distilled
in a vacuum apparatus ; water and phénol pass
over first, and when the température reaches 190°
the pressure is decreased to 30 mm., with the
resuit that resorcinol begins to distil over. The
yield of pure product amounts to about 19-23
kilos, from the 125 kilos, of benzenedisulphonate

employed, or to about 50 p.c. of the theoretical,
calculated on the benzene actually employed.

2. To préparé the benzenemetadisulphonio
acid, 90 kilos, of fuming sulphuric acid are
placed in a cast-iron vessel provided with a stir¬
ring apparatus, and attached to a reflux con¬
denser, and 24 kilos, of chemically-pure benzene
are gradually run in with continuai stirring; the
température gradually rises to the boiling-point
of benzene, and in the course of two to three
hours the benzene is completely converted into
monosulphonic acid. The reflux condenser is
then removed, the vessel attached to a condenser
arranged in the ordinary way, and the tempera-
ture raised to 275° in order to convert themono-
into di- sulphonic acid. Any benzene which
cornes over with the water given off at this stage
of the reaction is collected in the receiver. After
about twenty minutes heating at this tempéra¬
ture the melt is allowed to cool, then poured
into 2000 litres of water, neutralised with milkof
lime, and converted into sodium sait in the usual
way, the solution of the sodium sait being even-
tually evaporated to dryness. To obtain resor¬
cinol from this product, 60 kilos, of the com¬
pletely dry sodium sait are added to 150 kilos,
of caustic soda dissolved in the smallestpossibla
quantity of water, and the mass heated at 270'
in a cast-iron vessel with continuai stirring for
eight to nine hours, during which time it becomes
gradually semi-solid and finally solid. On cool-
ing, the melt is dissolved in 500 litres of boiling
water, and the solution acidified with hydro¬
chloric or sulphuric acid, and boiled until ail
sulphur dioxide has escaped. The tarry matter
which is deposited is then filtered off from the
cold solution, and the filtrate systematically ei-
tracted with ether in a eopper extraction appa¬
ratus, the ether being subsequently distilled of
and recovered. The crude resorcinol so obtained
is a colourless, crystalline mass, which can be
freed from traces of ether and water by heating
it at 215° in an enamelled vessel. It then forme
a hard, brittle mass, containing 92-94 p.c. of
resorcinol, together with some phénol, and about
5 p.c. of tarry matter ; and to free it from these
impurities it is distilled, water coming over
first, then phénol, and finally resorcinol, whicl
can be further purified by sublimation or bj
crystallisation from benzene. An almost tbeo¬
retical yield of resorcinol is said to be obtained
by this method (Bindschedler and Busch, Monit.
Sci. 1878, 1169 ; W. J. 1878, 1080).

Properties.—Besorcinol crystallises from ben¬
zene in needles, and from water, alcohol, or ether
in tables or short, thick, rhombic prisms (Groth,
B. 3, 450), melts at 119° (Calderon, C. B. 81,
780), boils at 276'5° under a pressure of 759'5
mm. (ibid.), at 280° under a pressure of 730 mm.
(Graebe, A. 254, 296), sublimes at lower tempéra¬
tures in lustrous, silky needles, and is volatile
with steam. It is readily soluble in water, oi
which 100 parts dissolve 86'4 parts of resorcinol
at 0°, 147'3 parts at 12-5°, and 228'6 parts at 30'
(Calderon), and is still more soluble in alcohol
and ether, but dissolves sparingly in chloroform,
carbon bisulphide, and cold benzene. Its taste
is intensely sweet, but afterwards causes irrita¬
tion. On exposure to the air it becomes red,
and an ammoniacal solution exposed to the air
becomes rose-red, then brown, and deposits

IRIS - LILLIAD - Université Lille 1



PHENOL AND IïS HOMOLOGUES. 177

teks of an orceïn-like substance (Malin, A. 138,
76). It readily reduces Fehling's solution and
ammoniacal silver solution on warming.

Réactions. —Bromine readily converts resor-
cinol into tribromoresorcinol (Hlasiwetz and
Baith, A. 130, 357 ; Fittig and Mager, B. 7,
1178 ; Weselsky and Benedikt, M. 4, 227) ; nitric
acid converts it into trinitroresorcin (styphnic
acid) ; nitrous acid reacts with it forming, aceord-
ing to the conditions employed, either nitroso-

"derivatives (v. Solid geeen) or resazurin and
marufin (Nietzki, Dietze, and Màckler, B. 22,
3020); and concentrated sulpliuric acid converts
it into sulphonic acids, of which the disulphonic
acid is the best known (Piccard and Humbert,
B. 9, 1480 ; Tedeschi, B. 12, 1267; Merz and
Zetter, B. 12, 2037 ; Fischer, M. 2, 231).

On fusion with a considérable excess of
caustic soda, resorcinol yields a product contain-
ing 60-70 p.c. of phloroghicinol, 2-3 p.c. of
fiijrocatcchol, and 1-5 p.c. of diresorcinol (Barth
and Scbreder, B. 12, 503).

When heated with phthalic anhydride, res¬
orcinol is converted into fluoresceïn (Baeyer, B.
4,558,662 ; 7,1211); when heated with phthalic
anhydride, benzyl chloride, and sulphuric acid
it yields chrysolin (Beverdin, Monit. Soi. 7,
860; W. J. 1877, 915 ; v. Tiuphenymiethane
coLomuxa mattees) ; and when heated with
benzotrichloride it forms resorcinolbenzeïn (v.
Aranœ and eosolic acid).

Besorcinol also yields a sériés of condensa¬
tion compounds which dissolve in alkalis, form-
ing coloured solutions. Thus, when heated with
anhydrous oxalie acid under pressure at 200°, it
is converted into resorcinoxalein C„0H]4O7, which
dissolves in alkalis forming red solutions, show-
ing, when dilute, an intense moss-green fluor-
«scence (Claus, B. 10, 1305 ; 14, 2563) ; when
heated with oxalic acid and dehydrating agents,
such as sulphuric or phosphoric acids, it yields
two dyes having the composition C14H905, of
which one dissolves in alkalis, forming reddish-
yellow solutions showing a green fluorescence,
and the second forms brown non-fluorescent
solutions (Gukassianz, B. 11, 1184) ; and, when
heated with tartaric acid and 1 p.c. of sulphuric
acid, it forms rcsorcintartreïn, a dark olive-green
powder, which dissolves in alkalis with a dark-
red colour, yielding strongly fluorescent solutions
(Fraude, B. 14, 2558).

Détection.—Small quantities of resorcinol
can be detected by heating with phthalic anhy¬
dride fora few minutes, dissolving the melt in
dilute alkali, preferably ammonia, and pouring
into water, the presence of resorcinol being
shown by the production of a green fluorescent
solution owing to the formation of fluoresceïn.
In aqueous solution, resorcinol gives a dark-
riolet colour with ferrie chloride, and is not pre-
cipitated by lead acetate, thus difîering from
pyrocatechol, whilst, when warmed with man¬
ganèse dioxide or other oxidising agents, it gives
no odour of quinone, thus differing from hydro-
quinone.

When resorcinol is warmed at 100° for a

short time with sulphuric acid, to which some
finely powdered sodium nitrite has been added,
and the melt is poured into water, rendered
alkaline with ammonia, and shaken with fusel
oil, the oilv layer is coloured a carmine-red and

Vol. III.—T

shows a cinuabar-red fluorescence (Bindsehedler,
M. 5, 169).

Estimation.—Besorcinol can be estimated
quantitatively by titration with bromine water
or a solution of bromine in alkali, as in the
case of phénol (v. Cabbolic actd), the method
being based on the fact that bromine water
reacts with it, forming tribromoresorcinol, ac-
cording to the équation

C„H4(OH)., + 3Br, = C„HBr3(OH)2 + 3HBr
(Degener, J. pr. [2] 20, 322).

A second method, also due to Degener (l.c.),
consists in adding a sufficient quantity of potas¬
sium iodide and alkali to the very dilute aqueous
solution of resorcinol, and treating with a slight
excess of an aqueous solution of bleaching-
powder. Dilute hydrochloric acid is then added
in just suflicient quantity to dissolve the pre-
cipitated lime, sodium hyposulphite (thiosul-
phate) solution rapidly l'un in until ail colour
has disappeared, and the excess titrated baek
with iodine. It is necessary that the standard
solutions of bleaching-powder, sodium hyposul¬
phite, and iodine should be very dilute. Triiodo-
resoreinol is formed in the réaction as a

flocculent precipitate varying in cplour from
rose-red to white.

Impurities.— Commercial resorcinol is usually
met with in a fairly pure state, the chief im-
purities being phénol and water. Occasionally
it contains small quantities of thioresorcinol,
which are formed in the potash fusion by the
action of naseent hydrogen on the benzenedisul-
phonate. This impurity can be removed by
treating the aqueous solution with lead acetate,
with which it forms an insoluble yellow com-
pound (Pazschke, J. pr. [2] 2, 418 ; Nôlting,
Post's Zeit. fiir Chem. Grossgew. 1879, 131).

Hydroquinone Qicinol C6H4(OH),[OH:OH
= 1:4],

Formation.—Hydroquinone is formed by the
dry distillation of quinie acid (Wohler, A. 51,
146) and hydroxysalicylic acid (Bakowski and
Leppert, B. 8, 789), and, together with resor¬
cinol, by fusing pariodophenol (Nôlting and
Wrzesinski, B. 8, 820) or euxanthone, a product
obtained from Indian yellow (q. v.) (Graebe, A.
254, 296) with caustic potash. It is also ob¬
tained when quinone is redueed with sulphurous
acid (Wohler, A. 51, 151) ; when the glucoside
arbutin is hydrolysed by boiling with dilute sul¬
phuric acid (Strecker, A. 107, 229); when para-
diazophenol sulpbate is boiled with 10-15 p.c.
aqueous sulphuric acid (Weselsky and Schuler,
B. 9, 1160) ; and when a solution of nitroso-
phenol in aqueous soda is gently treated with
hydroxylamine hydroehloride (Hepp, B. 10,
1654). It has been prepared synthetically by
Hermann from ethyl succinosuccinate (A. 211,
336).

Préparation.—Hydroquinone is best obtained
by the oxidation of aniline. For this purpose a
concentrated aqueous solution of sodium bi¬
chromate is gradually added to a well-cooled
(5°-10°) solution of 1 part of aniline in 8 parts
of sulphuric acid and 25 parts of water. The
mixture at first becomes dark green, and towards
the end of the opération a deep blue-black ; a
further addition of the bichromate solution
brings about the solution of the greater part of
the precipitate, and a brown, turbid liquid is
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obtained containing quinone and quinhydrone in
suspension. The quinone and quinhydrone are
tken reduced to hydroquinone by passing sulphur
dioxide through the liquid until it contains free
sulphurous acid, the suspended matter filtered
off, and the hydroquinone extracted from the
filtrate by means of ether, which is subsequently
distilled off. The yield of crude hydroquinone
under these conditions amounts to as mueh as

85 p.c. ; but with potassium bichromate, which
must be used in a state of powder on account of
its sparing solubility in water (B. 10,1935, 2005;
11, 1103), the yield is much smaller (Nietzki, B.
19, 1468). In order to purify the product it is
dissolved in the smallest possible quantity of
hot water, and the solution boiled with animal
charcoal and a little sulphurous acid, and allowed
to crystallise (Ekstrand, B. 11, 713).

Properties.— Hydroquinone is dimorphous
(Lehmann, J. 1877, 566). It crystallises from
water in long hexagonal prisms (Groth, B. 3,
450), which, on heating, sublime in monoclinic
scales. It has a slightly sweet taste, melts at
169° (Hlasiwetz and Habermann, B. 8, 684),
boils at 285° under a pressure of 730 mm.
(Graebe, A. 254, 296), dissolves in 17 parts of
water at 15° and 10-5 parts at 28'5°, is readily
soluble in alcohol, ether, and hot water, and
very sparingly soluble in cold benzene. Its
alkaline solution becomes brown on exposure to
the air. It reduces Fehling's solution in the
cold and ammoniacal silver nitrate on warming
owing to the formation of quinone, and this oxi-
dation to quinone is also effeeted by ferrie
chloride, nitrie acid, chlorine, a mixture of
potassium bichromate and sulphuric acid, <fto.
When its vapour is passed through a tube heated
to low redness it is decomposed into hydrogen
and quinone (Hesse, A. 114, 297).

Reactions.—It remains unchanged when
fused with caustic potash fWblz, A. 168, 91) ;
but on fusion with 10 times its weight of caustic
soda until hydrogen ceases to be evolved it yields
hydroxyquinol, together with diquinol and
S-hexahydroxydiplienyl (Barth and Schreder, M.
5, 590).

When heated with phthalie anhydride and
sulphuric acid it yields quinizarvi (Grimm, B.
6, 508), and when heated with phthalie anhy¬
dride and zinc chloride it yields the colourless
hydroquinonephthaleïn (Grimm, B. 6, 506 ;
Ekstrand, B. 11, 714).

Phénols C7Hc(OH)2.
Cresorcinol Cresorcin (cresol-resorcin), a-

isorcin (Hakansson), lutorcin (Vogt and Hen-
ninger), CBH3Me(OH)2[Me:(OH)„ = 1:2:4].

Préparation.—Cresorcinol is best prepared
by the diazo- reaction from orthamidoparacresol
(Knecht, B. 15, 301, 1069 ; Nevile and Winther,
B. 15,2981) or paramido-orthocresol (Wallach, B.
15, 2835 ; NSlting, B. 19, 137). It may also be
obtained by fusing bromoparacresol with caustic
potash (Vogt and Henninger, C. B. 94, 650),
and, together with salicylic acid, by fusing a-
toluenedisulphonic acid (Hakansson, B. 5,1084;
Nolting, l.c.) and 7-toluenedisulphonie acid (Sen-
hofer, A. 164, 131 ; cf. Claesson and Berg, B. 13,
1170) with caustic potash.

Properties.—It crystallises in spherical aggre-
gates or needles, melts at 104°-105°, boils at
267°-270°, and is readily soluble in water,

alcohol and ether, sparingly soluble in benzene.
It closely resembles resorcinol in many ot its
reactions—e.g with ammoniacal silver solution,
bromine, phthalie anhydride, &c.-but differs
from it by not forming colours when lieatedwith
nitrobenzene and sulphuric acid (Knecht, le,).
Ferrie chloride colours its aqueous solution a
greenish-blue.

Toluquinol Toluhydroquinone
C6H3Me(OH),[Me:(OH),= 1:2:5].

Préparation.—Toluquinol can be préparé!
from orthotoluidine by oxidation with chromic
acid mixture (Nietzki, B. 10, 834, 1935), or front
metamido-orthocresol by the diazo- reaction
(Nevile and Winther, B. 15, 2979).

Properties.—It crystallises in scales, melts at
124°, is readily soluble in water, alcohol and
ether, less soluble in benzene, yields toluquinone
on oxidation (the aqueous solution being coloured
brown-red by ferrie chloride), and when heated
with phthalie anhydride and excess of sulphuric
acid is converted into metliylquinizarin (Nietzki,
B. 10, 2011).

Dihydroxytoluene [Me:(OH)2 = 1:2:6] cris¬
tallises in needles melting at 63-66° (Ullmana,
B. 17, 1963).

Homocatechol PLomopyrocatechol
CaH3Me(OH)2[Me:(OH)2 = 1:3:4], j

Préparation.—Homocatechol is obtained by
heating cresol with hydriodic acid (Mûller, C. N.
10, 269) and from metamidoparacresol by tle
diazo- reaction (Nevile and Winther, B. 15,
2983).

Properties.—It is a syrup which dissolves
readily in the ordinary solvents, reduces Fehl¬
ing's solution and ammoniacal silver solution
in the cold, and in aqueous solution givesa
green colouration with ferrie chloride.

Derivative. — C r e o s 01 (creosote-guaiacol),
homoguaiacol [Me:OMe:OH = 1:3:4], occurs in
beechwood-tar creosote, and in the products ob¬
tained on submitting guaiacum resin to dry dis¬
tillation (Hlasiwetz, A. 106, 339), and can be
isolated from the creosote fraction boiling at
217-222° by dissolving it in an equal volume ol
ether, treating with 1J-2 vols, of a satnrated
solution of alcoholic potash and decomposin»
the potassium sait which separates in the cold
with dilute sulphuric acid. The mother-liquors
contain some creosol potassium sait together
with the potassium compound of phlorol (Hlasi¬
wetz, Le.; Tiemann and Mendelssohn,B. 10,51;
v. Guaiacol, siopra).

It is a colourless oil which boils at 219-220)
has a faint but pleasant aromatic odour, and h
alcoholic solution gives an emerald-green cotai
with ferrie chloride (Tiemann and Nagai, B.10,
207).

Orcinol Orcin CliH3Me(OH)2[Me:(OI):
= 1:3:5] (Tiemann and Streng, B. 14,1999).

Occurrence and Formation.—Orcinol occurs

in the free state in the various lichens (species
Variolaria, Roccella, and Lecanora) which art
employed in the préparation of archil and lit-
mus, and can be prepared by boiling themiritl
milk of lime. It follows, therefore, thatitmayata
be prepared by a like method from the variou;
acids, e.g. orsellic acid, lecanoric acid, everaif
acid, &c-, and ether-like compounds such 1;
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crythrin.picroerytlirin, Ctc., which can be isolated
from these lichens ; orsellie acid, moreover, yields
italso by dry distillation (Dumas, A. 27, 140;
Schunck, A. 41, 159 ; 54, 269 ; Stenhouse, A.
68,57, 99 ; Tr. 1848, 63 ; C. J. 20,221 ; Strecker,
A. 68, 108 ; De Luynes, A. Ch. [4] 6, 184 ; Lam-
parter, A. 134, 256).

It is also formed in small quantity together
with parahydroxybenzoio acid by fusing aloes
with caustie soda (Hlasiwetz, A. 134, 288).

It can also be prepared by fusing toluenemeta-
disulphonic acid or certain halogen derivatives
of toluene, toluenemetasulphonic acid, or meta-
cresol with caustic potash (Winther, Germ. Pat.
2071 3, ot October 25, 1881, exp. Pebruary 1884;
Nevile, Eng. Pat. 4389, of 1881) and by the
diazo- réaction from metamidometacresol (Ne-
vile and Winther, B. 15, 2987).

Préparation.—1. From lichens, preferably
Boccella tinctoria or fuciformis. The lichen is
macerated with milk of lime, and the strained
liquor boiled for some hours and eoncentrated
in order to décomposé the acids and ether-like
compounds in the extract. Carbon dioxide is
then passed tkrough so long as a preeipitate
(ails, or the eoncentrated liquor is exactlv neu-
tralised with dilute sulphuric acid, and the
liltrate evaporated nearly to dryness on a water -

bath. The orcinol is extracted from the residue
bymeansof benzene (in which erythrol, which
is also produced in the décomposition of erythrin,
is insoluble), and when the benzene solution is
sliaken up with about one-tenth its bulk of
water, the orcinol is taken up by the latter and
tan be obtained on evaporation (Stenhouse, C. J.
20,222). The crude product can be purified by
distillation in a vacuum (De Luynes, Le.).—
2. Parachlorotoluene on sulphonation yields
two sulphonic acids, which can be separated by
fractional crystallisation of their barium salts.
The acid yielding the less soluble barium sait
gives on fusion with twice its weight of caustic
potash at 280-300° a mixture of orcinol, sali-
cylic acid, and a small proportion of para¬
hydroxybenzoio acid and paracresol (Yogt and
Henninger, Bl. 21, 373).

Propcrties.—Orcinol crystallises with one
mol. prop. H,0 in 6-sided monoclinic prisms,
melts when anhydrous at 86° (Lamparter, l.c. ;
Stohmann, J. pr. [2] 34, 315) ; at 106-5-108°
(Nevile and Winther, B. 15, 2988) ; boils at
287-290° with slight décomposition (Dumas,
l.c.), and dissolves readily in water, alcohol, and
ether, less readily in benzene, and sparingly in
chloroform. Its taste is sweet, but unpleasant.
Itrapidly becomes reddened on exposure to moist
air, and its aqueous solution is coloured a deep
violet by ferrie chloride, and a dark red, soon
changing to yellow, by bleaching-powder. Ex-
posed to air in the presence of ammonia it is
converted into orceïn, the chief constituent of
archil, and becomes coloured a deep red-violet
(Kobiquet, A. 15, 292 ; Liebermann, B. 7, 247 ;
8,1649 ; Zulkowski and Peters, M. 11, 227) ;
and when heated with ammonia and hydrogen
peroxide, it gives a red-violet colour (Wurster,
B. 20,2939).

Réactions.—On fusion with caustic soda, it
yields much resoi-ciiwl, together with some
phlorogluchwl,pyrocatechol, and tetrahydroxydi-
phmylmcthane ; whilst if the fusion is long eon-

tinued phloroglucinol is almost the sole product
(Bartli and Schreder, M. 3, 645).

When warmed in alkaline solution with
chloroform it becomes at first purple and then
fiery-red, and the product on dilution with water
shows an intense greenish-yellow fluorescence,
owing to the formation of homofiuoresceïn
(Scliwarz, B. 13, 543). When heated with
phthalic anhydride and sulphuric acid orcinol-
phthaleïn is obtained (E. Fischer, B. 7, 1214),
which, unlike fluoresceïn, is colourless.

Détection and Estimation.—Orcinol may be
detected by the humofiuoresceïn test (v. supra),
and can be estimated quantitatively, accoi'ding to-
Beymann (B. 8, 790), by adding bromine-water
of known strength in excess to a very dilute
aqueous solution, and estimating the excess by
addition of potassium iodide and titration with
sodium thiosulphate. The bromine water should
be titrated with pure orcinol. In this réaction
tribromorcinol is precipitated.

Phénols CsHs(OH)2.
Betorcinol Homoroinol, paraxylorcinol

CBH2Mez(OH)2 [Me:Me:OH:OH = 1:4:3:5, cf. Kos-
tanecki, B. 19, 2321].

Préparation.—Betorcinol is obtained from
the lichen XJsnea barbata, and from barbatic.
acid which occurs in it, by treatment with lime
(Stenhouse and Groves, C. J. 37, 366). It lias
also been obtained, together with orcinol, from.
Roccella fuciformis (Lamparter, A. 134, 248).

Propcrties.—It forms quadratic crystals,
melts at 163°, boils at 277-280°, and is less
soluble in water than orcinol. Ferrie chloride
colours its aqueous solution a light carminé red.
Its ammoniacal solution, like that of orcinol, is
very rapidly coloured red on exposure to air.
When heated with chloroform and caustic soda
it gives a deep-red colour, and the solution in
water shows a green fluorescence. Unlike orcinol,
it does not yield a fluoresceïn when heated
with phthalic anhydride ; like orcinol, however,
it forms a colourless phthaleïn, betorcinol-
phthaleïn, when heated with phthalic anhydride
and sulphuric acid (Knecht, B. 15, 1070).

Metaxylorcinol C6H2Me„(0H),
[Me:Me:OH:OH = 1:3:4:6, c/. Pfaff, B. 16, 1138;
Kostanecki, B. 19, 2324] does not give a red
colour on exposure in ammoniacal solution to.
the air.

Phénols C9H,0(OH)2.
Mesorcinol [Me3:(OH)2 = 1:3:5:2:6] is prepared

by the diazo- reaction from amidomesitol (Knecht,
B. 15, 1375). It forms white lustrous scales,
which melt at 149° and boil at 274-275°. With
ferrie chloride it gives first a green colouration
and then a grey preeipitate, and when heated
with sulphuric acid it yields a compound which
dissolves in alkalis forming a rose-coloured
solution showing, when dilute, an intense green,
fluorescence.

A phénol of this composition occurs in the
form of its monomethyl ether as ccerulignone
oil (cœrulignol) OH.C0H]0.OMe in the fraction
of beechwood tar creosote boiling at about 240° ;
the methyl sait is characterised by giving in
alcoholic solution a blue colour with baryta-
water, and a green with ferrie chloride, and in
an aqueous solution a carmine-red preeipi¬
tate with ferrie chloride (Pastrovich, M. 4,
189).
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III. Trihydeic Phénols.

Phénols C„HS(0H)3.
Pyrogallol Pyrogallic acid C6H3(OH).

[(OH),= 1:2:8].
Formation.—Pyrogallol is obtained by the

dry distillation of gallic acid (Braeonnot, A. Ch.
[1] 46, 207 ; Pelouze, A. 10,159) ; henceits name.
It is also formed by fusing a- or /3-parachloro-
phenolsulphonic acid (Petersen and Baehr-
Predari, A. 157, 136, 150), or hœmatoxylin
(Meyer, B. 12, 1392) with caustic potash. Ac-
cording to Ilofmann (B. 11, 333) its dimethyl
ether occurs in beechwood-tar creosote.

Préparation.—Pyrogallol is always prepared
by healing gallic acid. In certain cases, as in
the préparation of galleïn (Giirke, Germ. Pat.
30648, of Aug. 27, 1884; 32830, of Mar. 5,
1885) and anthragallol (Seuberlich, B. 10, 38)
where high températures are employed, gallic
acid is used and the décomposition into pyro¬
gallol and carbon dioxide then tabès place in
situ.

On the large scale, gallic acid is heated with
2-3 times its weight of water in a bronze digester
at 200-210° for about half an hour, the escape
of the carbon dioxide evolved in the décom¬
position being provided for. The resulting
almost colourless solution of pyrogallol is then
boiled with animal charcoal, filtered, and rapidly
evaporated, and the pyrogallol which erystallises
out is finally distilled under a pressure of
20-30 mm. in order to obtain it in a pure and
colourless condition. The yield is almost
theoretical (Luynes and Esperandieu, C. B. 61,
4S9).

Other methods kave been proposed (cf.
Liebig, A. 101, 48 ; De Montlaur, Monit. Sci. 10,
1338), and in order to obtain the aeid cheaply
for photographie purposes, Thorpe (C. N. 43,
109) recommends that 10 grms. of gallic acid
and 30 grms. of glycérine be heated at 190-200°
as long as carbon dioxide is evolved. A theo¬
retical yield is obtained, and the melt dissolved
in a litre of water gives a solution suitable for
dry-plate work.

Properties.—Pyrogallol forms white lustrous
needles or thin plates, melts at 131° (Etti, B. 11,
1882), boils at 210° with partial décomposition
(Pelouze, le.), has a bitter taste and is poisonous
(Personne, C.B.69, 749). It is readilysolublein
ether, alcohol, and water, dissolving in 2J parts
of water at 13° (Braeonnot, ï.e.), and its alkaline
solution rapidly becomes brown and black on
exposure to the air owing to absoiption of
oxygen, and then contains carbonic acid, acetic
acid, black humus-like substances, and a little
carbon monoxide. Gold, silver, and mercury
salts are rapidly reduced by pyrogallol ; a solu¬
tion of a ferrous sait, free from any trace of
ferrie sait, produces a white turbidity in an
aqueous solution of pyrogallol, but if any ferrie
sait be présent a blue colouration is at once
formed, which rapidly changes to a brown-red,
owing to the oxidation of the pyrogallol by the
ferrie sait to a product yielding a blue colour
with ferrous salts (Jaequemin, C. B. 77, 593).

Reactions.—Eerric salts in excess and other
oxidising agents, such as potassium perman¬
ganate and chromic acid, oxidise pyrogallol to
purpurogallin (Wiehelhaus, B. 5, 848), a red

compound which yields naphtlialene on distilla¬
tion with zinc-dust (Nietzki and Steinmann, B,
20, 1279).

Nitrie acid oxidises pyrogallol to carbon
dioxide and oxalic acid, and nitrous acid gives a
brown colour to its aqueous solution, but when
passed through its ethereal solution converts it
into nitropyrogallol (Bartb, M. 1, 882).

When heated with phthalic anhydride it
yields galleïn (Baeyer, B. 4, 457, 555, 663;
Buchka, B. 14, 1326), and with phthalic anty-
dride and a condensation agent, such as excess
ôf sulphuric acid, it yields anthragallol (Seuber¬
lich, B. 10, 42 ; v. Alizabin and allied connu-
ing mattees).

Uses.—An alkaline solution of pyrogallol is
employed in gas analysis for the purpose o!
absorbing oxygen, 1 grm. of pyrogallol dissolved
in aqueous potash being capable of absorbing
189-8 c.e. of oxygen (Liebig, A. 77, 107). Oxygen
is most rapidly absorbed by a solution of
0-25 grm. of pyrogallol in 10 c.e. of either
aqueous potash of sp.gr. = 1-050 (Weyland Zeitler,
A. 205, 264) or aqueous soda of sp.gr.=1-030
(Weyl and Goth, B. 14, 2666). It must be
noted, however, that carbon monoxide is always
given off during the absorption, the amount
evolved (calculated on the quantity of oxygen
absorbed) being 2-4 p.c. with air or oxygen
aecording to Caivert (C. B. 57, 873), 3-5 p.c. vvitb
oxygen, and 2-5 p.c. with air, aecording to Cloèz
(C. B. 57, 875), and 0-4-3-4 p.c. with oxygen
aecording to Boussingault (C. B. 57,886). Botli
Cloëz and Boussingault agree in stating that
the évolution of carbon monoxide is greater with
pure oxygen than with mixtures of oxygen and
nitrogen.

On the employment of pyrogallol as i
developer in pliotography v. Photogkapht.

Derivative.—The dimethyl derivative
(pyrogallol dimethyl ether) OH.C6Hj(05Ie).
occurs in beechwood-tar creosote, and can be
isolated by treating the fraction boiling at 250-
270° with benzoic chloride, and subsequently
decomposing the crystalline benzoyl compound
(m.p. = 118°) with alkali (Hofmann, B. 11,333;
12, 1373).

Properties.—It forms white prisms, melts at
52°, and boils at '253°. When oxidised with nitrie
acid, ferrie chloride, chlorine, or preferably with
chromic acid in acetic acid solution it yields
cedriret (Hofmann, B. 11, 335; 12,1371), whilst
when mixed with the dimethyl ether of methyl-
pyrogallol (also a constituent of beechwood-tar
creosote) and caustic soda and oxidised by beat-
ing at 200° in the air it yields pittkal or
eupitonnic acid, which dyes silk orange in an
acid bath, but has no value as a dye (Hofmann,
B. 11,1455; 12,1377, 2216; cf. Gratzel, ff. J.
1877, 940 ; Gottheil, Germ. Pat. 9328, of Dec.
31, 1878, expired May 1883).

Hydroxyquinol Sydroxyhydroguinom
C6Hs(OH)3[(OH)3 = 1:2:4].

Préparation.—Hydroxyquinol is obtained,
together with diquinol and 8-hexahydroxydi-
phenyi, by very rapidly heating hydroquinoneivitb
8-10 .times its weight of caustic soda until the
évolution of hydrogen has almost ceased (Bartl
and Schreder, M. 4, 176 ; 5, 590).

Properties.—It erystallises from ether in
microscopic scales, melts at 140°, and distils
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with partial décomposition into quinol. Its
aqueous solution becomes rapidly coloured on
csposure to the air, and when treated with a
drop or two o£ dilute aqueous ferrie ehloride
gives atransient bluish-green eolouration, which,
on addition of a very small quantity of aqueous
sodium carbonate, becomes dark-blue, and, on
the addition of more, wine-red.

Phloroglucinol, CdH3(OH)3[(OH)3 = 1:3:5].
Formation.—Phloroglucinol is obtained by

fusing certain glucosides, resins, &o., with
caustic potash, as for example, phloretin, whence
its name (Hlasiwetz, A. 96, 120), quercitrin ob¬
tained from species of Quercus (Hlasiwetz, A.
112,98) ; maclurin, which in an impure form is
obtained as refuse in the préparation, of fustic
(Hlasiwetz and Pfaundler, A. 127, 357 : Bene-
ditt, A. 185, 114), catechin, kino (Hlasiwetz, A.
134,119,122); dragon's blood (Hlasiwetz and
Barth, A. 134, 283), gamboge (Hlasiwetz and
Barth, A. 138, 08), ancl scoparin, a yellow dye
obtained from Spartium scoparum (Hlasiwetz,
A.138,190).

It is also obtained by fusing benzenetrisul-
phonic acid or phénol (Barth or Schreder, B.
12,422), resorcinol (ibid. B. 12, 503), orcinol
liiid. AI. 3, 649), with an excess of caustic soda.
It has been prepared synthetically from ethyl
malonate by Baeyer (B. 18, 3454).

Préparation.—It is best prepared by fusing
resorcinol for about twenty-five minutes with 6
parts of caustic soda at a gradually increasing
température until the vigorous évolution of gas,
vrhich soon sets in, almost ceases and the mass
becomes a bright chocolaté colour. The melt is
thendissolved in water and the solution acidified
with dilute sulphuric acid, filtered, and extracted
with ether ; the ether being subsequently almost
completely distilled ofl, and the phloroglucinol
which separates as a magma recrystallised after
purification with charcoal (Barth and Schreder,
le.). The product usually contains some res¬
orcinol, which can readily be removed by heat-
ing it at 100°, and moistening with water from
lime to time until ail the resorcinol has sub-
limed (Tiemann and Will, B. 14, 954).

Phloroglucinol can be completely freed from
resorcinol and diresorcin by boiling with a con-
centrated aqueous solution of potassium hydro-
gencarbonate (bicarbonate). Under these con¬
ditions the potassium sait of phloroglueinol-
carboxylic acid is formed which erystallises in
needles, is sparingly soluble in a solution of
potassium carbonate and alcohol, and when
introduced into dilute hydrochloric acid gives the
acid, which can be extracted with ether. The
crystalline acid obtained by evaporation of the
ethereal solution éliminâtes carbon dioxide when
boiled with water, pure phloroglucinol remaining
in solntion (Will and Albrecht, B. 17, 2103 ;
Will, B. 18,1323; Skraup, M. 10, 721).

Pwperties.—It erystallises from water with
2H,0 in colourless tables and from ether inlarge
rhombic tables (Will, B. 20, 298). These lose
their water of crystallisation at 100°, forming
the anhydrous compound which melts at 217-
219° when rapidly, and at 200-209° when
slowly, heated (Baeyer, B. 19, 2186). It sub¬
limes witbout décomposition, has a sweet taste,
reduces Fehling'S solution, is readily soluble in
water, alcohol, and ether, and, according to

Tiemann and Will (l.c.), is more readily extracted
from a neutral than from an acid aqueous solu¬
tion. Its alkaline solution absorbs oxygen from
the air, but less readily than pyrogallol (Weyl
and Goth, B. 14, 2673), and its aqueous solu¬
tion is coloured bluish-violet by ferrie ehloride.
Unlike other hydroxybenzenes it yields an oxime
on treatment with hydroxylamine (Baeyer, B.
19, 159), and in many of its reactions would
seem to have the constitution of a triketone
(cf. Baeyer, B. 18, 3454, and l.c.).

Détection.—When potassium nitrite is added
to a very dilute solution of phloroglucinol and
aniline nitrate, a cinnabar-red precipitate of
benzeneazophloroglucinol is formed after a short
time (Weselsky, B. 8, 967 ; Weselsky and Bene-
dikt, B. 12, 226), a distinct precipitate being
obtained at the end of three hours with only
00005 grms. of the substance. A similar re¬
action is, however, produced by maclurin,
décoction of fustic, catechin, and extract of hops
(Weselsky, B. 9, 217).

Phloroglucinol in the presence of hydro¬
chloric acid gives a red-violet colour with woody
substance, thus a solution containing 0-01 p.c.
of phloroglucinol colours pine shavings mois-
tened with hydrochloric acid a distinct red, and
a solution containing no more than O'OOl p.c.
will give the reaction if the shavings are allowed
to remain in the solution for twenty-four hours
(Wiesner, D. P. J. 227, 397 ; Kielmeyer, D. P. J.
227, 584 ; Wagner, D. P. J. 228, 173). The
colour-reaction, however, is not afforded by
cellulose which has been treated with caustic
soda and bleached.

Two trihydroxybenzenes.œnoglucinol and
phenoglueinol, have been described by
Gautier (Bi. 33, 584). Both have the composi¬
tion C„H3(OH)s + 2H20, and resemble phloro¬
glucinol, with which they are not improbably
identical, in properties.

Phénols C7H5(OH)3.
Methylpyrogallol MeC6H2(OH)3.
Occurrence.—It occurs as its dimethyl ether

together with the dimethyl ethers of pyrogallol
and propylpyrogallol in the fraction of beech-
wood-tar creosote which dissolves in alkalis and
boils at 255-270°. (For method of séparation v.
Hofmann, B. 12,1373.) The ether ishydrolysed
by heating with hydrochloric acid at 160° foï
some hours. Methylpyrogallol melts at 129*
and sublimes at higher températures. Its alka¬
line solution rapidly becomes brown in the air,
and gives a blue colour with ferrous sulpliate,
thus resembling pyrogallol.

Phénols CsH9(OH)3.
Propylpyrogallol occurs as the dimethyl sait

picamar (Beicbenbach, A. 8, 224 ; Nieder-
ist, M. 4, 489), in the fraction of beechwood-tar
creosote boiling at 285°, from which it can be
obtained by heating with hydrochloric acid at
130° (Hofmann, B. 8, 67 ; 11, 329 ; Pastrovich,
M. 4, 184).

IV. PoLYHïDKic Phénols. •

1:2:4:5- Tetrahy droxybenzene (Nietzki
and Sehmidt, B. 21, 2378).

1:3:4:5- Tetrahy droxybenzene Sydroxy-
pyrogallol. The dimethyl ether is obtained
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by réduction of dimetboxyquinone resulting
from tlie oxidation of propylpyrogallol dimethyl
ether (Hofmann, B. 8, 67 ; 11,332) or trimethyl-
pyrogallol (Will, B. 21,602, 2020).

1:2:3:4- Tetrahydroxybenzene, Apionol.
The dimethyl ether is obtained by heating apiolic
acid with alcoholic potash (Ciamician and
Silber, B. 22, 119, 2481).

Hexahydroxybenzene (Nietzki and
Benckiser, B. 18, 505, 1836). W. P. W.

PHENOL COLOURING MATTERS. Lieber-
mann's Phénol Dyes. Weselsky's Dyes. Di-
chroïns. V. Oxazine colouring matters.

PHENOLPHTHALEÏN v. Triphenylmethane
colouring matters.

PHENOPHENANTHRAZINE v. Azines.
PHENOSAFFRANINE v. Azines.
PHENYL RROWN, Phénicienne, is a yellow-

ish-brown powder which explodes on heating, and
consistsof dinitrophenol andanamorphousbrown
substance (Bolley, W. J. 1869, 585). It is ob¬
tained by gradually adding 10 to 12 parts of a
mixture of 2 volumes of sulphuric acid and 1
volume of nitric acid (sp.gr. = 1-35) to 1 part of
well-cooled phénol until red fumes are no longer
evolved ; the product is then poured into water,
and the precipitated dye filtered off and washed
(W. J. 1865, 613). It dyes wool and silk without
a mordant, giving brown shades which are fast
to light ; but it is now seldom, if ever, employed
in dyeing.

PHENYLENE BLUE v. Indamines and indo-

phenols.

PHENYLENE BROWN v. Azo- colouring

matters.

PHENYLENE DIAMINES v. Diamines.
PHENYLENE VIOLET v. Indamines and

indophenols.

PHENYLHYDRAZINE v. Hydrazines.
PHENYLHYDRAZINE ACETYL (C„H,)HN.

NH(CO.CH3), or Pyrodine, first • synthesised by
A. S. Leibmann, lias been therapeutically ex-
amined by Dreschfeld (S. Ç. I. 1888, 765), who
drew attention to the toxic action of the drug.
Lepin has since confirmed this latter observation
(Lyon médic. 1888, No. 80). Merck, however,
observed that the toxic action is due to the fact
that, as hitherto prepared, the substance is of
variable nature, and that the poisonous proper-
ties are due to impurities (Merck's Bull. 2,13-20 ;
S. C. I. 8, 476).

PHILLIPIUM v. Cerium metals.

PHLORIDZIN v. Glccosides.
PHLOROGLTTCIN v. Gum resins.

PHLOROGLUCINOL v. Phénol and its homo¬

logues.

PHLOROL. A naine given to ortho-ethyl-
phenol, on account of its formation from phlo-
retic acid by distillation with lime (Oliveri, G.
13, 264).

PHLOROSE v Dextrose.
PHLOSCEÏNE v. Triphenylmethane colour¬

ing matters.

PHLOXINE î>. Triphenylmethane colouring

matters.

PHOCENIC ACID. A name given by Chevreul
to isovaleric acid (v. Fatty acids).

PHŒNICITE. Basic lead chromais (»,
Chromiusi).

PHtERETIN v. Rhuearb.
PHOSGENE GAS. J. Davy's name foi

carbonyl dichloride or carbon oxychloride
(2- *>■)■

PHOSGENITE. A chloro-carbonate of lead

PbCl2.PbC03, v. Lead.
PHOSPHINE. A syn. for phosphoretted

hydrogen PH3, v. Phosphorus. Used also to
designate the nitrate of chrysaniline or diamido-
phenylacridine C,aH15N3.HN03, v. Chbïs-
aniline.

PHOSPHOMOLYBDIC ACID v. Molybdb-
num.

PHOSPHOR BRONZE v. Tin.

PHOSPHORITE v. Calcium; also Manches.
PHOSPHORUS. Sym.P. At.w.30'96. Vapoot

density = 61'92. From ipûis, light; and I
bear. Phosphorus was accidentally discovered bj
an alchemist named Brandt, of Hamburg, while
experimenting with urine, in the year 1669. As
urine contains only a minute quantity of phos-
phoric acid,1 phosphorus was not generally
known till about 100 years after, wben Gahn in
1769 showed it to be an essential constituent ol
bones, and Seheele, taking advantage of thisdis-
covery, made phosphorus from bone ash.- It is
stated ' that Brandt by a secret process1 suc-
ceeded in preparing phosphorus from urine, and
he is said to have sold the secret of the manu¬

facture to ICrafft, from whom it appears that
Kunkel learnt what he knew, and published in
the year 167S a pamphlet on this remarkable
product. In those early days phosphorus was
a very costly body, being valued as one of the
most remarkable and interesting of chemical
substances.

' Krafft exhibited it as one of the wondersof
nature to various crowned heads, among others,
in the year 1677, to King Charles II. of Eng-
land.'4

From the fact of the presence of phosphorus
in bones, its universal diffusion in nature mjght
have been suspected. Nevertheless, it has only of
late been demonstrated how widespread are the
compounds of phosphorus. In fact, upon asoil
free from phosphorus no plant could grow.as
its presence is essential to the formation of
the plant structure, and is found in largcst
quantities in the seed and fruit. Phosphorus,
likewise, is neeessary for the growth and nutri¬
tion of the animal tissues, and is présent hoth in
the substance of the brain and in the nervous

matter connected therewith. It ranks, tberefore,
like oxygen, nitrogen, hydrogen, carbon, de., as
one of the elements neeessary to the building
up of the animal and vegetable body. Besides
being présent in ail fruitful soils, phosphorus is
présent in most springs, in ail rivers, in the sea

1 1450 c.c. of urine contains, alkaline phosphates 2*1
grms., earthy phosphates l'3 grms. (Ralfe's Clinical
Ohemistry, p. 105). [The above is équivalent to about
•032 p.c. of phosphorus in urine.]

. 2 See report by Juries of International Exhibition,
London, 1862, p. 93.

3 The process consisted in distilling evaporated urine
with sand in clay retorts.

* Roscoe and Schorlemmer, Treatise on Ohemistry, vol. 1,
p. 458.
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(J.pr. 34,1S5 ; B. J. 26, 393), and even, it is
stated, in minute traces in the atmosphère
(Barrai). At one time phosphorus was con-
sidered to be a compound body eontaining
'phlogiston ' and an aeid, till Lavoisier investi-
gated the subject in the year 1780, and showed
that when phosphorus is burnt in air the acid
produced weiglied more than the phosphorus
itself, the increase in weight being due to the
«xygeii ot the atmosphère with which the phos¬
phorus had combined (Opuscules Physiques et
Chimiques, 1774).

Up to the year 1845 the ' yellow ' or ordinary
crystalline phosphorus was the only variety
Inown. Since then an allotropie modification
bas been recognised, and is now extensively
used in commerce under the name of 'red' or
1 amorphous ' phosphorus. This form difiers
from the crystalline phosphorus in rnost impor¬
tant properties, in a degree almost as great as
do the allotropie modifications of carbon or sul-
phur among themselves. Amorphous phos¬
phorus was discovered by Schrôtter in 1845,
although its existence had been previously
observed by other chemists, who had misunder-
stood its nature. Other modifications of phos¬
phorus are said to exist ; these will be re-
ierred to when diseussing the général properties
ot phosphorus. Seheele's method of producing
phosphorus, first published in ' Gazette Salutaire
de Bouillon ' in the year 1775, consisted in dis-
solving bone ash in nitric acid, and then re-
moving the lime as sulphate with sulphuric
acid ; but this method was afterwards simplified
by Nicholas and Pelletier, who deeomposed the
bone ash direct with sulphuric acid, and further
improved by Fourcroy and Vauquelin, who de-
termined the exact quantity of sulphuric acid
required for the complété décomposition of bone
ash. The last method is that still used in the
manufacture of phosphorus.

The Manufacture of Phosphorus.

(b) The Baw Materials.—Phosphates. Of
ail the phosphates now to be had in the market
pure bone ash is to be preferred, other things
being equal, over the others for the manufacture
ot phosphorus, inasmuch as it contains a high
percentage of phosphate of lime ; it is easily
décomposée! by sulphuric acid ; and it contains
only small quantities of magnesia, oxide of iron,
and silicious matter.

On the other hand, it has to be considered
that bone ash probably costs more to-day, per
unit, than any other phosphate of lime.

Pure bone ash (from ox-bone) possesses the
following composition :—

Per cent.

Phosphoric acid (P»Os)1 .. . 39-55
Lime ..... 52-46
Magnesia 1-02
Oxide ot iron .... 0-17
Carbon dioxide, alkalis, Arc. . 4-43
lVater,carbonaceous matter, &c. 0-86
Silicious matter . . . 0'51

99-00

Bone ash, as met with in commerce, varies
considerably in composition, the amount of
phosphoric acid existing as tri-calcium phos¬
phate varying between 27 and 37 p.c. It is
chiefly imported from South America, and isnot
obtained entirely from bones, but contains in
addition the ash of other parts of the carcase.
Subjoined is an analysis of commercial bone
ash :—

Bone ash from South America.
Per cent.

Phosphoric acid (P;05)1 . 33-68
Lime . ... 43-37
Magnesia.... 1-14
Oxide of iron . •58
Carbonic acid . 4-22
Alkalis .... •62
Water,carbonaceous matter, &c 6-70
Silicious matter 9-69

100-00

Another very suitable phosphate of lime,
which is to be had in small quantities, is what
is known as precipitated phosphate of lime.
This substance is obtained as a by-product in
the manufacture of glue from bones. The
method adopted is a modification of the System
proposed by Fleek (Wagner's Chemical Techno¬
logy, p. 543). The bones, previously crushed and
deprived by boiling of the fat they contain, are
soaked in a weak solution of hydrochloric acid,
until they become quite soft. The elear liquor,
eontaining the phosphate of lime in solution, is
drawn off from the cartilaginous substance, and
mille of lime is cautiously added to it, in quantity
sufficient to throw down the phosphates, which
are then washed, dried, and collected. The
following analysis of a quantity of this phos¬
phate which was used in the manufacture of
phosphorus will show what a very rich phos¬
phate is obtained in this way :—

Precipitated Phosphate of Lime.
Per cent.

Phosphoric acid (P.,05) " . . 39-45
Lime ... . . . 44-88

This phosphate dissolves easily and gives an
excellent phosphoric acid.

The next raw material to be referred to as a

source of phosphorus is apatite. Apatite is a
pure form of minerai phosphate of lime, com¬
bined with either calcium fluoride or calcium
chloride forming the definite chemical com-
pounds Fluor apatite (3Ca;l2P01.CaP2) or Chlor
apatite (3Ca;i2PO.,.CaCl2). The pure crystals
of the former contain 42-26 p.c. phosphoric
anhydride, while the crystals of the latter con¬
tain 40-92 p.c. This last variety is not so
largely imported. Fluor apatite cornes from
Canada, and also from Spain under the name of
Spanish phosphorite. The Canadian phosphates
are frequently highly crystalline and of a light
green or red colour. They are found in the Ottawa
district of Canada, in the voleanic rocks of New
Jersey and New ïork, and other places in the
American continent. They contain neitlrer or-

' Equal to 17-20 p.o. phosphorus.
1 Equal to 14-70 p.c. of phosphorus.
a Equal to 17-20 p.c. of phosphorus.
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ganio nodules nor fossils, as many other phos¬
phates do, but have the phosphoric aeid evenly
distributed through large masses of the rock.
The following analyses of two lots of Canadian
phosphates will give some indication of the
général composition :—

Canaclian Phosphate of Lime.
Per cent. Per cent.

Phosphoric acid (P205) . 33-511 37-68-
Lime .... 46-14 51'04
Oxide of iron, Alumina,

Pluorine, &c. . . 7'83 6-88
Silicious matter . . 11-90 4-29
Water and loss on igni-

tion .... -62 0-11

100-00 100-00

The absence of carbonates makes the com¬

plété décomposition of this phosphate with sul-
phurie acid troublesome and tedious when
operating on large quantifies.

The Spanish variety of apatite, called also
Estramadurite, has the following percentage
composition :—

Spanish Phospliorite (Voelker).
Per cent.

. 33-38

. 47-16
. trace
. 4-10

•57
. 2-59

•89
. 4-01
. 3-71

. 3-59

Phosphoric acid
Lime
Magnesia .

Carbonic acid
Sulphuric acid
Oxide of iron
Alumina .

Pluorine and Iron
Silicious matter
Water

100-00

Another phosphate used in the manufacture
of phosphorus and found very suitable, both on
account of its comparative freedom from iron
and the presence of a certain amount of carbon¬
ates, is ' Sombrero phosphate,' obtained from the
small uninhabited island of that narne in the
Caribbean Sea. It contains the following :—

Sombrero Phosphate.
Per cent.

Phosphoric acid 4 . 35-12
Lime .... . 51-33
Iron and alumina . 1-02
Carbonic acid . . 7-40
Silica .... . 2-02
Alkaline salts . •42
Water and loss on ignition . 2-69

100-00

French phosphates contain from 50 to 75 p.c.
of phosphate of lime. The high-elass qualifies
should be found useful in this manufac¬
ture. The next phosphate to be referred to is
'Redonda phosphate,' both on account of its
high percentage of phosphoric acid, its low
price, and also from the fact that this peculiar

1 Equal to 14-63 p.c. of phosphorus.
3 Equal to 16'45 p.c. of phosphorus.
3 Equal to 14-57 p.c. of phosphorus.
* Equal to 15-33 p.c. of phosphorus.

minerai has been the subject of many patent!
having for their object the utilisation of the
phosphoric acid it contains. Redonda phos¬
phate, like Sombrero phosphate, cornes from the
West Indies ; it contains no lime, the phosphoric
acid présent being combined with iron and
alumina.

Bedonda Phosphates.
I.'

Phosphoric acid 35-472
Oxide of iron . 8-85
Alumina . 20-17
Silicious matter 9-70
Organic matter, and

water of comb. 7-201
Moisture . 18-61 ï

100-00

IL (Beadmai)
39-71'

9-45
20-90

6-65

22-86

99-57

The processes proposed for ivorking this
phosphate will be referred to subseguentlj.
The last minerai phosphate to be mention?!
in connection with this part of the subject
is wbat is known in the market as Charleston
phosphate. This is not a high-class phos¬
phate, like some of those considered, nor is
it very free from iron and alumina, but it
has the property of being easily and uni-
formly deeomposed when treated with sulphuric
aeid, and is of very régulai- composition.
Charleston phosphate is found in the beds ot
several of the rivers and on the lands of South
Carolina. The river phosphate differs slightly
from that of the land both in colour and
hardness ; moreover, in the river phosphate
the iron exists partly as pyrites, while in the
land phosphate it exists as ferrie oxide. The
river variety is that usually sent to this country,
being richer in phosphates. It is obtained by
dredging the river, and is dried by bot air
before exportation.

Charleston Phosphate (Readman).
Per cent.

Phosphoric acid (P2Os)4 .
. 27-17'

Sulphuric acid . . 3-30
Carbonic aeid . . 4-96
Lime .... . 44-03

Magnesia .... . 0-37
Alumina .... . 1-44
Oxide of iron . . 0-43

Bisulphide of iron . . 3-60
Alkaline salts . . 0-87
Fluorine, &c. . . 2-38
Combined water and loss on

ignition . 4-60
Sand .... . 560
Moisture .... . 1-25

100-00

This enumeration does not by any means
exhaust the various phosphates available for the
production of phosphorus ; but the list here
given of crude materials whieh are, or which
may be, employed in the manufacture, will con-
vey an idea of the resources at the disposai
of phosphorus makers.

1 0. N., June 18, 1875.
- Equal to 15-49 p.c. of phosphorus.
3 Equal to 17-33 p.c. of pliosphorus.
* Equal to 11*86 p.c. of pliosphorus.

IRIS - LILLIAD - Université Lille 1



PHOSPHORUS. 185

It may be added, that whichever variety of
phosphatic material be employed, it is abso-
înlely essential to reduce it to a very fine state
of division as a preliminary step in the manu¬
facture of phosphorus.

Further,itmust be remembered that the pré¬
sence of iron, alumina, magnesia, and alkalis—
as also any excessive amount of carbonates—is
objectionable. The former substances are dis-
solved, to a great extent, during the sulphuric
acid treatment, and reappear at a later stage, in
the phosphorus retorts, wlrile carbonates, of
course, consume their équivalent quantity of
sulphuric acid, and thus add to the cost of
production.

As has been indicated, kowever, a certain
iimited quantity of carbonate of lime is advan-
tageons in the sulphuric acid treatment, as it
materially assists the décomposition of the phos¬
phatic material operated upon.

The amount of carbonate of lime should not
esceed, say, 10 to 12 p.c. for economical work.

Generally speaking, a kigh-class phosphate
should be selected—one containing at least 70
p.c. of phosphate of lime. Such phosphates are
no» easily obtained in the market, and the ad-
vantages of employing them are very great.

With respect to the other material used in
the manufacture of phosphorus (at least in the
initial stage)—namely, sulphuric acid—it will
suffira to say that ordinary ckamber vitriol of
sp.gr. 1-500 to 1-600, free from arsenic, is quite
suitable for decomjposing the phosphate of lime
into sulpbate of lime and pliosphoric acid.

(h) The préparation of pliosphoric acid. In
this, as in subséquent processes, the author
mil describe the plant (alluding ineidentally
to noteworthy matters) which, from personal
practical experienee, he has found to yield good
résulta.

The décomposition of phosphate of lime by
sulphuric acid is performed in a circulai- wooden
vessel, shaped like a brewer's mash tun, 10 feet
in diameter and 8 feet deep, provided with an
upright wooden agitating shaft carrying three
arms placed at regular intervais between the
bottom and middle of the vessel.

Tbe only ironwork in the interior of the
decomposing vessel consists of a cast-iron shod
ou the lower extremity of the revolving shaft,
and a strong cast footstep in which it works.
The revolving arms are simply tenoned into the
upright sbaft. Pitch pine 3 inehes thick, is
preferably employed in the construction of the
décomposer, and before use the tun is thoroughly
saturated with light tar-oil, which acts as a pre-
servative and keeps the vessel in good repair for
many years. It is securely bound by strong
hoop iron, which may with advantage be pro-
tected by sbeet lead at any part exposed to the
(bip of acid. The agitator is driven by a crown
wheel and pinion, connected in the usual way
with a steam engine. At the lower circumference
of the tun, as near the bottom as possible, a
vooden man-hole door is provided, and this,
opening outwards, allows the charge to be run
ont to the adjoining filters.

The opération of decomposing the phosphate
oflimeis thus conducted. The tunis filledto the
depthof about 18 inches with weak liquors from
aprevious décomposition, and to this is added

about 2 cwts. of phosphate of lime. High pres¬
sure steam is then blown in by a lead pipe,
until the liquor boils, when the steam is skut
off. The agitator is- now put in motion, and
charging is commenced, adding alternately, say,
6 cwts. of finely-ground phosphate, and 5
carboys of chamber sulphuric acid (sp.gr. 1-500
to 1-600), till the whole has been introduced. A
convenient charge for snch a décomposer as has
been deseribed is from 80 cwts. to 100 cwts. of

phosphate, and the équivalent quantity of sul¬
phuric acid necessary to décomposé into sulphate
the total limeprésent, existing either as carbonate
or as phosphate of lime,1 thus :

Cas2P04 + 3H2S04 = 3CaS04 + 2H3P04.
It is advisable not to introduce the charge too

rapidly, but rather to allow ample time for a
uniform décomposition to take place. The
charging should be completed in three hours,
and it is well to continue the agitation an hour,
or even more, until ail visible action has ceased.

When it is ascertained that the décomposi¬
tion is complété, the large man-hole door is
gradually opened, and the entire contents of the
tun run ofi by a shoot to one of a sériés of filters,
conveniently arranged below the level of the
décomposer, agitation being still maintained.

The filters are reetangular wooden tanks, each
about 20 feet long, 16 feet wide, and 2| feet deep.
Tkey are not set level, but are laterally inclined
at a gradient of about 1 in 30, so as to drain
towards ten exit holes pierced along the lower
side. The filtering médium consists of ashes.
Coarse 'clinkers' are spread evenly over the floor,
and a layer of sieved ashes above, the entire
depth of the filtering bed being about 6 inches.

The filtering tanks are securely bound with
tie rods, and before use the wood-work is im-
pregnated with light tar-oil. As it drains from
the filters, the phosphoric acid liquor is caught
in a wooden launder, common to the sériés of
outlets on the filter tanks, and is conveyed by it
to wooden lead-lined tanks in which strong
liquors and weak washings are kept apart.

The strength of the solution at first draining
from the filters is about 30°Twad. (sp.gr. 1-150).
The flow must not be allowed to proceed too
rapidly, as the bed of gypsum or ' sludge ' in
the filters if allowed to dry will crack on the
surface, and a very imperfeet washing will be
the resuit. A spray of water is run over the
gypsum by a perforated pipe running along the
kigker side of the filter tanks. This spray is so
regulated as to keep the sludge covered with one
or two inches of water until the end of the
opération. The upper surface of the gypsum is
carefully raked every few hours with a wooden
mud-rake, so as to fill up any cracks through
which the washing water might find too ready
an exit. The spray is continued until the
efHuent washings are 2°Twad. (sp.gr. 1-010).
The water is then turned off, and the sludge is
allowed to dry, being finally piled up to permit
the last trace of washings to drain from it. The
gypsum is then removed from the filter tank to
undergo artificial desiccation.

1 This statement difïers from that given in most of the
text books on Chemistry, which state that sulphuric acid
is added in quantity only sufficient to form the acid phos¬
phate of lime, thus

Ca32P0A+2HaSCh=2CaS04+CaH4(P04)a.
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Four samples o£ wet gypsum sludge, as removed from tlie filters, gave the following
analyses :—

Partial analyses of four samples of sulphate of lime from
the filters

Per cent.

I.1 II. III. IT.

Water and loss at a red heat ....
Total phosphate of lime in wet sludge
Phosphate of lime, calculated on dry .

49-2
3-6
7-08

G3-2
0-3
0-83

63-0
0-39
1-03

64-6
0-13
0-36

• No. 1 shows imperfect washing

The phosphorie acid draining from the filters
is eonsidered ' strong liquor ' until it falls below
10°Twad. (sp.gr. 1-050), and this first fraction is
reserved for concentration. The latter fraction,
between 10°Twad. and 2°Twad. (sp.gr. 1-050
and 1-010), is employed partly for the décomposi¬
tion of a further lot of phosphate, as has been
deseribed, and partly for the first washing
upon the filter before the water spray is turned
on. Both fractions are blown by means of
Kôrting's or other elevator, such as an ' acid
egg,' to stock tanks, from which the evaporating
vessels, and the décomposer or filters, can respec-
tively be supplied by gravitation.

(c) Utilisation of the gypsum sludge. The
wet sludge removed from the filters contains
water, phosphorie acid, and undecomposed
phosphate of lime in quantifies varying accord-
ing to the care bestowed on the opérations
deseribed. The sludge may be dried upon a bed
formed of fireclay-covers over flues heated by
any available waste heat. Wlien sulliciently
dry, the gypsum is passed through a sieve to
break up the larger lumps, and is in this state
sold to manure makers as a dryer for super¬
phosphates ; or it is used to fix the ammonia in
the compost heaps of the farmer, and for other
purposes. The following is the analysis of a
quantity of dried gypsum made in the way de¬
seribed :—

Per cent.
Lime .... . 31-80
Sulphuric acid . . 44-93
Soluble phosphorie acid . . 0-50
Insoluble phosphorie acid. . 2-57
Oxide of iron and alumina . 2-20
Silicious matter . 12-10
Organic matter . 1-20
Combined water . 4-15
Moisture .... . 0-50

99-95

The gypsum during the process of drying

should be occasionally turned, to expose fresh
surface to the heated bed.

(d) Concentration of phosphorie acid liquor
from the filters. This may be aecomplished
either in shallow rectangular w-ooden tanks,
lined with 10 lb. lead, and provided with lead
pipes (1£ inch diameter, and 20 lbs. lead to
1 foot) through which high-pressure steam is
allowed to pass ; or it may be performed in a
cast-iron saucer-shaped pan, also lined with lead
and having steam coils as before. During era-
poration the liquor is maintained in motion by
an agitator, provided with arms, and driven as
usual by power. The latter system is the one
to be preferred. Agitation of the liquor during
concentration, besides hastening the evaporation,
prevents the accumulation of gypsum on the
steam coils, a resuit which invariably occurs in
any unstirred evaporator. Such' deposit; if al¬
lowed to form, becomes extremely hard and
difficult to remove without injury to the lead
pipes.

The stronger phosphorie acid from the filters
—that above 10°Twad.—is allowed to flow by
gravitation from the stock tank to the evapora¬
tor, to be concentrated till the clear yellow-
coloured phosphorie acid attains a strength oi
from 05°T. to 100°T. (sp.gr. 1-325 to 1-500), ne-
cording—as will be immediately explained-to
the selected method of subséquent treatment.
During the evaporation nearly ail the sulphate
of lime held in solution is precipitated, so that
the concentrated acid liquor retains only a very
small quantity of lime. Almost ail of this lime
ultimately deposits as sulphate after settling in
the stock tank. As the phosphorie acid liquor
becomes more and more concentrated, some ol
the free sulphuric acid which may be présent
is expelled during the evaporation—the steam
or vapour from the evaporator having frequently
a strong acid reaction. The following are some
analyses of phosphorie acid liquors at varions
strengths made from phosphates which are not
named :—

Strength

5S°T. 69°T. 72°X. 86°T. S0°T.

TJncombined phosphorie acid (P.,05) 19-30 27-60 29-20 34-02 36-44
Combined phosphorie acid (P.,05) . 4-68 3-61 3-60 4-40 4-80

Sulphuric acid (SO,) 2-47 1-40 •70 — 1-39
Alumina and oxide of iron, &o. 1-92 2-56 — 3-26 3-61
Lime — 1-00 — •84 trace
Water 71-63 63-83 66-50 57-48 53-76

100-00 100-00 100-00 100-00 100-00
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The gypsum deposited in the evaporators or
in the stock tank may either be washed by
itseli on a small filter, or it may be removed to
the large acid filter, and be washecl along with
the sludge from the décomposer. If oonveniently
situated, the latter is the more economical
method.

The concentrated acid is cooled in lead-lined
store tanks, where, as has been said, the last
traces of sulphate of lime are deposited, and
the acid is then ready for the next opération of
mixing with carbon and drying.

(e) Mixture for the retorts. The concen¬
trated phosphoric acid ma.y now be mixed with
coarsely-ground wood charcoal, coke, or saw-
dnst, and carefully dried in a cast-iron pot or
mutile furnaee.

The author has used carbon in the latter
form, and finds that some advantages are there-
by secured. Sawdust absorbs a large quantity
of liquor, so that when it is employed concen¬
tration of the acid liquor to the minimum sp.gr.
of 1-320 is permissible, and, when thus satu-
rated, it can be easily handlecl without loss
through sweating.

On the other hand, the greater bnlk, and the
low spécifie-gravity, of sawdust présent objec-
tionable features. If sawdust be employed, the
mixing may be accomplished on a clean brick
or asphalt floor, and the wet charge can then be
carefully charred in a well-built muffle furnaee.

If coke or charcoal be used, the preliminary
concentration of the phosphoric acid to a syrupy
consistence is indispensable, and the mixing
should be done in a cast-iron pot, in which the
charge is subsequently dried by fire-heat from
beneath. The amount of fixed carbon required
is about 25 p.e. by weight of the concentrated
acid liquor. Great care must be taken with the
drying of the charge. The beat must be regular
and not too high, and when it is completed the
charred mass must be carefully preserved from
air in malléable or cast-iron boxes provided
«ithclosely-fittinglids, and oonveniently situated
for the retorts. The following notes may be
interesting :—

Experiments to ascertain the volatility of phos¬
phoric acid during the charring of sawdust
saturatcd with phosphoric acid1 :—

Experiment I. 1 A known quantity of phos¬
phoric acid was mixed with twice its weight of
dry sawdust and heated in an iron tube to a low
red-heat. The products evolved were collected
innitrogen bulbs containing dilute nitric acid,
but not the slightest trace of phosphoric acid
could be detected in the contents of the bulbs.'

Expcriment II. ' Used phosphoric acid
liquor, 1-41 sp.gr. (82CT.), containing free phos¬
phoric acid 22-75 p.c. 50 grains of above were
mixed with 50 grains dry sawdust and heated in
a covered porcelain crucible gradually till the
sawdust was completely charred. The tempéra¬
ture was then raised to full redness, and was
maintained at this for half an hour. Estimated
the phosphoric acid and found no loss.'

(f) The description of tlie clay retorts, tkeir
mnufacture, ami détails of the clay employed.

1 Report by Dr. Clark, Glasgow, for the author when lie
was engaged in the manufacture of pliosphorus.

The retorts in which the charred mixture is
distilled are made of Stourbridge fireclay. The
author has tried other clays, but found none so
durable for the purpose as that from Stourbridge.
The retorts are shaped much like a large bottle.
The accompanying sectional sketch will show
the appearance they présent.

Fig. 1.—Phosphores Betort made of

Stourbridge Clay.

The total length a to e is 3 feet. The in¬
ternai diameter is about 8 inches. The clay is
about 1 ineh thick, exeept at b, where it is about
H inches. The neck is gradually tapered from
0 to a, where the internai diameter is 3 inches.
Into this narrow orifice a 2-ineh mal. iron pipe
leading to the condenser is luted, and can be
easily removed to empty and charge the retorts.

The retorts should be made at the phos-
pliorus works; the clay employed is sueh as is
used for glass-house pots, and is tolerably free
from iron, rich in silica, and comparatively low
in alumina. The clay, as generally supplied
from Stourbridge, has previously undergone the
opération of ' weathering ' for many months.
This renders it plastic, more easily worked, and
much more durable when made into retorts.
The following analyses of. the clay, raw and
calcined, have been supplied through the cour-
tesy of a firm in Stourbridge :—

Raw Calcined

Silica . . . . 72-50 76-97
Alumina . 18-65 19-97
Protoxide of iron . 1-58 1-67
Lime . 0-26 28

Magnesia 0-46 •49
Potash . . . . 0-33 •35
Soda . . . . 0-18 •19
Water and organic matter 5-78 none

99-74 99-92

A mixture which has been successfully em¬
ployed for the construction of retorts consists
of two parts of the raw clay, finely ground,
carefully mixed with one part of the calcined
clay coarsely ground.

The mixture is allowed to ' sour ' or season

for three or four weeks by incorporating it with
water to a thick doughy consistence, and leaving
it piled up in a low fiât heap, about 16 feet long
and 3 feet in depth, after which it is ready for
moulding into retorts. The apparatus required
for the latter is not very elaborate. It consists
of a turntable or wheel, npon which the retorts
are built, and a sheet-iron mould ab<>it 3 feet
long, divided into two lengths of about 18 inches
each, with a fishing-rod joint to connect the one
to the other.

On the turntable a loose base-piece of plank,
about 12 inches square, is first placed, to sup¬
port the mould containing the soft clay retort,
during its removal to the drying room. Wooden
beaters, and a flat circular dise, 0 inches in dia¬
meter, with a shaft, like an old-fashioned churn
stirrer, are also required.

Before commencing to build a retort, the
inside of the iron mould is smeared over with
oil to prevent the clay adhering to the iron.
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This clone, the lower half of tlie sheet-iron
mould (which is about 1 foot in diameter) is
plaeed on the square board surmounting the
t urntable (a small quantity of sand liaving been
first sprinkled over the board). The clay in a
tough plastic state is introduced into the mould.
This is worked by the hand to the shape of the
bottom part of the retort. The clay is well
beaten to the side with the wooden beater,
and the bottom is pressed hard down by a cir¬
culai' dise. When the lower half of the retort
is construcled in the way described, the upper
portion of the iron mould is then jointed on,
and this is likewise built up with clay in the
same way till the whole retort is completed.

Some delicacy is required in making the
tapered neck, but experienced workmen hâve
little difficulty in doing this. The retort with
the mould is now ready for removal to the stove-
room, which should adjoin the retort house.
The température in the heated room is main-
tained at 90°F. by means of ilues below the
floor. After remaining about a week in this
roem the retorts have shrunk sufficiently to
admit of the moulds being withdrawn. When
this is done, the outer skin of the retorts which
was fiext the moulds lias its hollows carefully
filled up with damp clay. The retorts are then
waslied with a thin emulsion of clay and water
until the outer surface is smooth and free from
cracks or holes. They remain in this room for
at least 3 weeks longer, or until they are re¬
quired for use. Eetorts with cracks or flaws
are lrere rejected.

When starting a new bench of retorts, or
when re-starting a furnace that has been olî for
repairs, the retorts may be taken direct from
the stovehouse and plaeed in the cold furnace.
The fire is lighted, and the heat gradually raised
to the température necessary for the manufac¬
ture of phosphorus.

In actual work, however, it is a common
oxperience to find two or three retorts in a fur¬
nace broken, and, in order to replace these
without interruption of the usual work, it is
necessary totake the required number of new re¬
torts from the stove-house, and place them in a
spécial kiln, to be slowly heated to the tempéra¬
ture of the working furnace which contains the
broken retorts. When this température has been
attained, the new retorts are quickly removed
from the kiln and are plaeed in the working-
furnace, the broken ones having of course been
first removed.

(g) The Phosphorus Furnace. The furnace
used in the distillation of phosphorus is of the
galley type, similar to that employed in the dis¬
tillation of zinc by the Belgian process. A eon-
venient size holds twenty-four retorts, twelve
on each side, arranged in two tiers—that is, six
retorts on each tier. The retorts are plaeed
back to back, their necks protruding slightly
(1-inch) through the side walls of the furnace.
The closed ends of the retorts are supported by a
9-inch wall, having fireclay covers built into it
over the spaces into which the ends of the
lower tier are inserted. This wall divides the
furnace longitudinally. The furnace measures
about 12 to 13 feet long and about 7 feet broad,
outside dimensions. The firegrate is 5 J feet in
length by 1| feet in breadth, and the firebars

are made of 2-inch square wrought-iron. Over
the firegrate, about 2£ feet above the bars, a
4|-inch firebrick arch is thrown. This arch
has six ports on each side, corresponding to the
six retorts, and these are so plaeed that the fire
ascends between each pair of retorts. The arch

Surface

Fig. 2.—Phosphorus Furnace.

(Side élévation.)

Fig. 3.—Phosphorus Furnace.

(Front élévation.)

Fig. 4.—Phosphorus Furnace.

(Transverse section through a-b, Fig. 2.)
c. Phosphorus retorts. D, D'. Pipes to condenser.

E. Condensing trough. p. Dampers. g. Spyholes. h. Pire
door.

extends from end to end of the furnace. Fpon
the top of this arch the 9-inch wall previously
mentioned is built. This wall is about 2 feet in
height, and is sufficiently high to allow the ends
of the upper tier of retorts to rest on the top of
it, the ends of the lower tier resting on covers
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built into thewall about 0 inches above the arch
which covers the tire. Tlie outer walls o£ the
(limace are 9 inches thick, and the outer arch
which incloses the whole is also made of 9-inch
firebrick. The retorts are, in fact, simply sus-
pded in what is practically two flues in one
furnace, the walls of whieh are the outer walls
of the iurnace and the 9-inch central dividing
mil.

The furnace must be very firmly bound, both
longitudinally and transversely. This is ail the
more required as the walls of the furnace must
necessarily be thin, and, moreover, each retort
has a 12-inch square port-hole through which it
is primarily introduced into the furnace. AU
these circumstances, tending to weaken the side
walls, point to the necessity of securely and
Bubstantially binding the furnace.

The preceding sketches (Figs. 2, 3, and 4)
rrill show the général construction and arrange¬
ment of the furnaces and side condensing
troughs.

The beat from the fire ascends through the
ports on the 4J-inch arch described above, and
passes through the chambers in which the 24
retorts are hung, and then it escapes through
6 ports on the upper 9-inch arch to small flues
binlton either side of thetopof thefurnace. The
products of combustion now travel along these
dues and descend at the back of the furnace
furthest from the tire to the main flue. If re-

quired, this waste heat may be first utilised to
dry the gypsum from the phosphoric aeid filters.
The firebrioks used in the construction of the
fnmace must be of the very best description, and
none but a most experieneed furnace-builder
îhonld be entrusted with the érection of it.
Dampers are placed on each of the upper port-
holes, and a large darnper where the 2 small
Hues nnite with the main flue. Spyholes should
be placed on the front wall of the furnace, so
that the chambers containing the retorts can be
comeniently viewed. This is a most important
provision, and should in no case be neglected, as
frequently retorts are cracked, and there is no
other means so simple as the spyhole to ascer-
taintheir condition. Whenstarting a new furnace
great care must be taken not to raise the heat
sorapidly as to cause cracks in the walls, which
would admit cold air and be fatal to the retorts ;
and, when the necessary heat has been attained,
asmuch caution is required to maintain a steady
température. Clay retorts are very sensitive to
sndden changes of température, and the life of
a retort largely dépends upon its treatment in
this respect.

(il) The Distillation. The 24 retorts having
been placed in the port-holes in the manner
described; their necks are built in with broken
bricks and fireclay to prevent access of air into
the interior of the furnace. The fire is now

lighted and the heat very gradually increased,
care being taken during this time to have the
dampers only slightly open. After 18-24 hours
firing the retorts should be at a bright-red heat
and ready for charging. This is performed by
means of a scoop made out of a 2-inch malléable
iron pipe, which has been opened up and pro-
vided with a handle. The scoop is about 18
inches long, and made so as to enter the 3-inch
neck of the retort without difficulty.

The retorts hold conveniently about 20-30 ibs.
of the charred mixture. It is advisable not to
fill them more than two-thirds full. This does
not take more than a few minutes to accomplish,
and whenever it is done the 2-inch malléable
iron pipe leading to the condenser should be at
once luted on. Yarious forms of eondensers
may be employed. A suitable arrangement con-
sists in having long troughs on each side of
and close to the furnace (as shown in Figs. 2,
3, and 4) made of light cast-iron, about 12 feet
in length by 18 inches broad by 24 inches
deep at one end and 18 inches at the other end.
The lip of these tanks has a 3-inch flange on
outside, upon which the cast-iron cover is bolted.
Twelve 3-inch cast-iron pipes with faueets pass
through this cover, and dip an inch or two into
the water with which the trough is partially
filled. These short pipes are so placed that
the 2-inch malléable iron pipes before re-
ferred to can be conveniently luted to their
faueets, and thus eonnect the retorts with the
condenser.

The water in these troughs soon becomes
warm with the hot gases bubbling through it.
This is advantageous, as it prevents solid
phosphorus choking up the pipes. The
bottom of the troughs being deeper at the
one end than at the other causes the melted
phosphorus to run down to the lower end,
from which it can be removed from time to
time by ladles.

The ineondensable gases are removed from
the trough by a 10-inch pipe, and can either be
sent at once to the stalk or connected with
further condensing arrangements. Care must
be taken when charging the retorts to avoid
spilling any of the charge into the condensing
troughs, and to insure this it is well during the
opération to employ sheet-iron trays whieh cover
the open faueets.

The luting used for the 2-inch pipes, both at
the retort and faucet ends, is fine ground fire¬
clay, with sait, or with a small quantity of borax
adcled to prevent oracking. After the retorts are
ail charged, the heat is raised to a température
approaching whiteness. The odour of sulphu-
rous aeid may then be detected in the ineonden¬
sable gases, especially if the charred mixture has
not been sufficiently dried. Sulphides are next
discoverable, and lastly, in about two or three
hours, phosphorus. The distillation should be
completed in about 16 hours, and after with-
drawing the residues from the retorts and slightly
cooling the furnace, the charging can be recom-
meneed as before. Retorts, if carefully attended
to, may last a considérable number of distilla¬
tions.

'

When the température is fully up and phos¬
phorus is coming off vigorously, the retorts
should be examined by the spyholes, when the
smallest flaw ean be easily detected by the bright
dazzling phosphorus flame which issues from
the smallest crevice. When this is observable
the retort should have its charge withdrawn, and
the retort itself is then taken out and replaeed
by one from the kiln heated to the température
of the phosphorus furnace, as has been already
described. There is no difficulty in doing this,
as the ports are intended to permit this very
opération.
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The chemistry of the proeess of preparing
phosphorus from phosphoric acid may be de-
scribed as follows :—The ortho-phosphoric acid
liquor (H3P04), after being mixed with carbon
and lieated to a dull red heat, is resoived into
metaphosphoric acid (HP03), and when this is
further heated to a high température in the
,retorts it is broken up by the carbon originally
added and phosphorus distils over. The change
may be thus represented :

4HP03 + 12C = 2H., + 12CO + P4.
An example of the yield, &c-, from a known

amount of phosphoric acid may be of interest.
Quantities taken :—•
502 lbs. of phosphoric acid liqnor containing

2ô'7 p.c. free P205.
187 lbs. of eoarse wood charcoal.
These were mixed together and dried in the

manner described.
The dried mixture weighed 380 lbs.
On distillation the following results were

obtained :—

Eesidue in retorts weighed 67 lbs.
Yield of refined yellow phosphorus, 38 lbs.
Theoretical yield, 56'2 lbs.' (Yield = 67'5

p.c.)
(i) The Crude Phosphorus. The phosphorus

obtained in the condensers varies very much in
appearance from a pale buff to a brick-red
chocolaté, or nearly black, colour. The colour
is no doubt due to impurities, as well as to the
presence of lower oxides of phosphorus and
amorphous phosphorus. If condensed in cold
water, it resembles the raspings of cork and
floats on water. The crude product is ladled
out of the condensing trough into malléable iron
boxes provided with handles, in which it is
carried to the refinery. Phosphorus in this
condition is much more inflammable than it is
in a pure state, and great care must be observed
in the handling of it.

(j) The Refining. There is always more or
less sand and clay mingled with the crude phos¬
phorus, partly due to the unavoidable dust in
the furnace-house and also to the luting. To
get rid of this, it is advisable to fuse the crude
product under liot water, and, after a thorough
stirring with a wooden rake, to allow the mass
to solidify, when it can be easily broken up with
chisels, and is then of a uniform character.

The sand, clay, &c., mixed very frequently
'with some phosphorus, are left on the upper
surface in a loose pulvérulent condition. If
these impurities are found to contain phos¬
phorus, they may be distilled in an iron retort
and the phosphorus recovered.

The solidified phosphorus is now ready for
refining. The method described in text-books
is to squeeze the melted phosphorus through
chamois leather. A more rapid method is
either to distil it in an iron retort or to refine by
the use of chromic acid. The last method is
probably the one most to be recommended. To
carry out the refining by this proeess the crude
phosphorus is first fused under water in a small
lead-lined agitating pan provided with a lead
steam-eoil, and from 3-4 p.c. of bichromate of
potash or soda (previously dissolved in water) is
added. Sulphuric acid in équivalent proportion

1 From phosphorus lu free P30„.

is next run into the agitator, and the whole is
left to mix for 2 hours or more. After that time
the phosphorus should be of a pale-yellow colour
and almost transparent. The chrome liquors
are now earefully syphoned off, and the phos¬
phorus then receives a washing with hot water,
after which it is syphoned off and rapidly filtered
through a canvas filter-bag to remove the
mechanical impurities. The phosphorus is now
ready for moulding.

(k) The Moulding. The phosphorus melted
under hot water may now be cast into 'wedges,'
or made into ' sticks.' The ' wedges ' or ' pains'
(of the Freneh manufacturer) are easily made.
The liquid phosphorus is ladled under hot water
into tin moulds lO.j inches diameter by 4§inches
deep, standing in a row in a shallow trough, aud
while still liquid a star-shaped arrangement,
made also of tin, is dropped into the mould.
The object of this is to divide the circle equally
into 10 sectors or wedges. On solidifying the
phosphorus by running in cold water into the
trough and then removing it from the mould,
10 separate wedges are obtained in a convenient
form for packing, each wedge weighing about
2 lbs. To admit of easy removal of the phos¬
phorus, the tin mould divides into 2 parts i
is made tight by india-rubber joints and f
l&c.

If the phosphorus is desired in the form of
' sticks,' the fused element is drawn through
glass tubes in an apparatus illustrated by the
following sketches (Figs. 5 and 6; :

Fig. 5.—Section of Apparatus for Mouises
Phosphorus into SlICKS.

Fig. 6.—Plan of Cold Water Tank for Mouib
ing Phosphorus into Sticks.

a. Pot for melting phosphorus under water. b. Hot
water tank heated with steam coil. c. Cold water tank,
flanged to B. n. Cock for escape of liquid phosphores.
K. Métal tubes. (Same letters apply to figs. & aud 6.J

Another method of moulding is to run the
liquid phosphorus into slightly-tapered tin tubes
made of a length to suit the tin packing-cases.
The tubes are closed at one end by corks,
and are set (corked end down) in troughs con¬
taining hot water, when the tubes are filled with
the molten phosphorus. Cold water is l'un into
the trough to solidify the latter, which is then
removed from the moulds.

(I) The packing. The ' wedges ' are packed
aloug with water in tin cylinders, holding 50
kilos, of phosphorus. The dimensions of the
cylinders are 22 inches deep by 11 inches
diameter. The lids (11 inches diameter) are
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l'ose but fit tightly inside, and hâve a f inch
Iule, through which water is poured after the
[1s are soldered on. These small holes are

ànlly soldered up, and the eylinder is thus her-
ïiicallysealed and completely filled with water.
iuother size of case sometimes employêd holds
5kilos.; it is 12 inches deep by 11 inches
liameter.

The tin packing cylinders should be provided
«ilh three wire liandles—two opposite one
Bother—at the upper part, and the third lower
lira near the base. These are found con-
«ient in lmndling.

The sealed tins are now packed along with
sndust in rectangular wooden boxes 21 inches
long by 12J inches broad x 12p inches deep.
The wood is pine inches thick. The boxes
should be strengthened with hoop-iron at the
dges. The sawdust is tightly rarnmed down
ietween the tin case and the side of the box,
sil thus makes a firm and safe package.

When exporting phosphorus to certain coun-
tries-ef, Germany—the wooden boxes require
to be further packed in canvas, and iron handles
■t be tightly fixed to either end of the box
ioiconvenience in lifting.

The ' stick ' phosphorus is packed along
vith water in tins which hold lOlbs. each. The
tins are 7jj inches long by 5§ inches diameter ;
each one holds about 90 sticks (7^ inches long
byjinch diameter).

The lids, &c., are soldered on as before de-
scribed. These tins are further packed as in
ihe case of 'wedges,' in wooden boxes holding
ton in a box.

(«) Other proposed methods of manufacture.
(l)Donovan proposed to mix phosphate of
lad (obtained by acting on bones with nitric
atid and then precipitating by acetate of lead)
itith finely-divided charcoal, and to distil for
phosphores.

(2) Fleck proposed to combine the manu-
fscinre of phosphorus with that of glue and
felatine. By this method the bones, freed from
ht, are decomposed with weak hydrochloric
acid, ¥hich dissolves ont the phosphate of lime,
leaving the cartilaginous matter insoluble. The
scid phosphate liquor is evaporated, mixed with
caibon, and distilled in suitable retorts.

(3) E. C. Mantrand (Eng. Pat. No. 1,166,
Hay 25,1854) patented a method of preparing
phosphorus by deeomposing an intimate mixture
of phosphate of lime, carbonaceous matter, and
silieious matter at a bright red or white beat in
an atmosphère of hydrochloric acid or chlorine
pas, when phosphorus, phosphuretted hydrogen,
carbonic acid, &c., distil over.

(4) Wôhler suggested the method of deeom¬
posing phosphate of lime with silica and carbon,
and distilling.

(5)1 Gentele, in 1857, published a plan of
phosphores re-manufactnre combined with the
préparation of salammoniac. He treats the
bones with hydrochloric acid. To the resulting
solution crude carbonate of ammonia is added.
The precipitated phosphate of lime so obtained
is employed in the préparation of phosphorus,
vrhile the solution of chioride of ammonium is
evaporated and sublimed for salammoniac.

(6)1 Gerland (in 1864) suggests the treatment
of bones with an aqueous solution of sulphurous
acid.

(7)' Minary and Soudray (1865) proposed to
préparé phosphorus from a mixture of phosphate
of iron and well-ignited coke.

Besides the above, letters patent have been
taken for the following methods of preparing
phosphorus:

R. Lammy (Eng. Pat. No. 311 in 1857) grinds
phosphate of ammonia with carbon, dries, and
distils, producing ammonia first and then phos¬
phorus.

R. A. Brooman (Eng. Pat. No. 2,294, 1864).
Silica, iron, and eoal are added to phosphate of
lime in such proportion that silica can form with
lime a fusible slag, and phosphide of iron is ob¬
tained . This latter may then be heated to quick
redness with sulphur, sulphuretted hydrogen,
bisulphide of carbon, &c., &c., to obtain phos¬
phorus.

J. H. Player (Eng. Pat. No. 660 in 1866, and
No. 1,064 in 1867) mixes phosphoric acid liquor
evaporated to a thick paste with (1) spent tan
or (2) with coal or coke in fine powder. He
then carbonises to remove volatile matters, and
distils the residue in clay retorts in the usual
way.

E. Aubertin and L. Boblique (Eng. Pat.
No. 2,458 in 1867) (1) mixes fine ground phos¬
phate of lime with twice its weight of siliea and
25 p.c. of coke, and heats to orange-red or white
heat, when phosphorus cornes off without fusion.
No apparatus is described.

Claude Brison (Eng. Pat. No. 3,515 in 1868)
patents the employment of a blast-furnaee and
blowing engine in the manufacture of phos¬
phorus, and also the admixture in the blast-
furnace of the fuel with the materials for pro¬
ducing the phosphorus. ' The mixture employed
by preference for producing the phosphorus
consists of phosphate of lime, silica, and
carbonate of soda ; the whole thoroughly
fihCiiPPbfpn

E. Aubertin (Eng. Pat. No. 1,593 in 1870)
secured a further patent for producing phos¬
phorus from phosphate of lime, silica and car¬
bon. 1 stprocess: Bycaleination in a furnaceor
retort at a température from 2192° to 2404°E.
2nd process : By fusion. Apparatus in this case
is by preference a ' Pluss-ofen ' blast-furnace,
and the température is 2192° to 2932°E.

J. H. Player (Eng. Pat. No. 3,501 in 1872)
proposes to utilise the waste gases from the
retorts by passing them through a solution of
sulpliate of copper, whereby phosphide of copper
is obtained.

J. Townsend (Eng. Pat. No. 1,862 in 1872)
distils Redonda phosphate either along with car¬
bon and a flux of common sait or borax, or with
a mixture of sulphates of potash and soda, and
so obtains phosphorus.

J. P. Serve (Eng. Pat. No. 49 in 1879) em-
ploys a furnace—-either a reverberating or blast-
furnace—or retorts, and claims (1) ' the prépa¬
ration, in the form of blocks or bricks, of
intimate mixtures and in suitable proportions,
of phosphates of lime, &e., &c., and of silica or
other silieious body bound or held together by

1 Wagner's Chemical Technology, p. 544. 1 Wagner's Chemical Technology, p. 544.
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a carburetted body such as tar-pitch or ooal.'
(-2) The extraction of the phosphorus from the
blocks or bricks. (3) A spécial construction of
blast-furnace and condensers.

A. Nicolle (Eng. Pat. No. 1,693 in 1888) dé¬
composés minerai phosphate with nitric acid,
and treats the resulting solution with sulphate
of potash. He then filters from the sulphate of
lime which is precipitated, and treats the filtrate
with mereurous nitrate, thus obtaining phosphate
of mercury. This is washed, dried, and distilled
with carbon, when mercury is first obtained, and
then phosphorus.

J. B. Beadman (Eng. Pat. No. 14,962, in 1888)
claims the application of heat produced by pass-
ing an electric current through the materials
containing phosphorus placed in a closed fur-
nace.

Parker and Robinson (Eng. Pat. No. 17,719, in
1888) claim the employaient of electricity on
similar lines to foregoing patent.

Folie-Desjardins (Eng. Pat. No. 13,240, in 1890)
for a process for the simultaneous manufacture
of phosphorus and of alkaline silicate—(1) by
heating a mixture of the phosphate with one or
more alkaline sulphates or carbonates with or
without the addition of silicic acid or a flux in a

reverberatory furnace, or in retorts within a
regenerative gas-furnaee, lixiviating the result¬
ing mass, and evaporating solution to obtain the
alkaline phosphates ; (2) heating a mixture of
the alkaline phosphate so obtained with silica
and carbon in retorts placed in a regenerative
furnace, thereby effecting the simultaneous
production of phosphorus and an alkaline sili¬
cate.

Coignet (Eng. Pat. No. 2,970, in 1891) claims
improvements in the moulding of phosphorus to
avoid the carriage of much water in the packing
cases.

The author has conducted during the last few
years a large sériés of experiments (v. détails

. in S. 0.1., vols. 9,10) with the view of obtaining
phosphorus by distillation, direct from the raw
phosphate of lime, without the employment of
sulphuric acid at ail or the préparation—as an
intermediate stage—of phosphoric acid. He has
proved conclusively that silica in the form of
sand, ganister, or flints intimately mixed with
phosphate of lime and carbon, in suitable pro¬
portions, is capable, at a high température, of
effecting the décomposition of the phosphate,
expelling practically ail the phosphorus con-
tained in the mixture, leaving, as a residue, a
fluid slag. Further, that with adéquate con-
densing appliances a very large proportion of
the phosphorus so expelled may be colleeted.
Similarly, satisfaetory results have been obtained
by the employment of other phosphates, such as
phosphate of alumina, &c., provided fluxes suit¬
able for each case are employed.

Betorts were found unsuitable for the distilla¬
tion, both on the score of economy and dura-
bility, and the blast furnace, which was tried
for some time, presented many practical diffî-
culties in its working.

The success of the application of electricity
to the production of certain metals and alloys,
notably those of aluminium, led him to try that
source of energy for the production of phos¬
phorus, and the resuit has been that the author,

along with T. Parker (who applied for letters
patent only a few weeks after the author's ap¬
plication) (Beadman's patent, No. 14,962,18th
Oct. 1888 ; Parker and Bobinson's patent, No.
17,719, 5th Dec. 1888 ; A System of Inorganic
Chemistry, by W. Bamsay, p. 666) arranged foi
the érection of a large expérimental plant with
engines, dynamos, and electric furnaces capable
of turning out about 40 cwt. of phosphorus pet
week.

The object which has now been suecessfully
attained in the new process, called the Beadman-
Parker and Bobinson system, is the continuons
production of phosphorus direct from raw
materials by means of the electric furnace, the
heat being applied in and through the phos-
phorus-bearing mixture in the furnace, and not,
as in the case of distillation, in retorts, heated
from the outside, involving, in conséquence, a
great expenditure of fuel.

The process is carried out as follows. The
phosphate, carbon, and fluxes, in proper propor¬
tions and ail carefully and intimately mixed
together, are introduced (previously heated to as
high a température as possible) into the upper
part of the electric furnace by means of a tight-
litting hopper arrangement, the electric current
is led to and from the furnace by copper cables
connected to large carbon electrodes situated on
either side of the furnace. The furnace itself is
practically an iron tank, linedinside with refrac-
tory bricks, thus making a kind of briek-sided
trough about 18 inches square and 36 inches
deep, closed at the top by the hopper referred
to, and having an outlet pipe to the condenser
placed on the upper part of the side of the
furnace.

After the charging of the furnace, the current
is turned on, and soon indications of phosphorus
may be seen in the condensers. The gases
escaping by the side pipe pass on to a sériés of
copper condensers, the first of which contains
hot and the others cold water, when they are
allowed to escape into the air. As the phos¬
phorus is distilled off from the mixture the
residue in the furnace forms a liquid slag, which
from time to time is tapped out at the bottom of
the furnace, fresh phosphorus-bearing mixture
being introduced by the hopper at the top pre-
cisely as in blast-furnace practice, where closed
tops are used. In this way the opération is
made continuous, and is carried on for dajs
without cessation.

The mixed materials, as introduced into the
electric furnace, can be had to contain about 11
p.c. of elementary phosphorus, and as the weight
of the slags from these is not so much as hali
the weight of the original mixture, and as,
moreover, the slag on an average contains only
about 1 p.c. of phosphorus, it will be apparent
tbat the décomposition is remarkably complété.

The crude phosphorus obtained in the con¬
densers is refined in the way previously de-
scribed.

The advantages of this process may be
summarised as follows. No sulphuric acid i;
required, no need to préparé and concentrate
phosphoric acid, much less handling ofmaterials,
no fire-clay retorts employed, less loss during
process, larger yields, and less consumption of
coal.
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The Peodïïcxion of Amorphous Phosphokus.

Amorphous phosphorus in compact pièces is
a reddish brown, moderately hard substance,1
somewhat resembling in appearance the héma¬
tite iron ore of Cumberland. It is opaque, with
a slight metallic Justre. It is brittle and easily
broken, and exhibits a conchoidal iron-black
fracture with sharp edges.

The sp.gr. of amorphous phosphorus is 2-25.
It is without taste or smell, is unattacked by
most solvents, and if taken internally is ex-
cieted nnchanged.

Amorphous phosphorus, as met with in com¬
merce, frequently contains small quantities of
ordinary phosphorus, from about J p.c. down-
wards according to Fresenius; in addition, it
usually contains phosphoric acid, graphite, and
other impurities, and has generally an acid
réaction.

The following is an analysis of amorphous
phosphorus

Per cent. (Readman)
Phosphorus .... 93-44
Phosphoric acid . . . 3-58
Oxide of iron and alumina . *78
Alkalis, carbon, loss, &c. . -84
Insoluble in nitric acid. . 1-36

100-00

Ground amorphous phosphorus dissolves very
easily in nitric acid on account of its state of
subdivision.

Chlorine has no action on this variety of
phosphorus unless the latter is heated, when it
bonis with a yellow flame.

Forignition, amorphous phosphorns requires
a température of at least 240°C.

(а) T)te apparatus and process. The con¬
version of yellow into amorphous phosphorus is
eîected by heating the former to a température
between 240° and 250°C. for some time.

The apparatus employed is a cast-iron pot
which is closed with a cover. A narrow tube
open at both ends is screwed into the upper
part of the pot. This acts as a safety valve,
and avoids ail risk of explosion.3

If pressure be employed within the pot and
the température exceeds 300°C., the yellow is
transformed into amorphous phosphorus in a
very short time. Tliere is, however, considér¬
able danger in this treatment which might far
ootweigh the economy in time. According to
the method used, when the conversion is effected
ia open iron vessels in which the air finds but
limited access, the process, though tedious, is
free from ail difficulty or danger.

Ordinary phosphorus may also be converted
into amorphous phosphorus by chemical action,
as by heating it to 200°C. with a small quantity
oiiodine (Brodie, C. J. 5, 289).

(б) The refining. The amorphous phosphorus,
obtained in the cast-iron pots, is in hard com¬
pact lumps. These are ground under water, and
freed from ordinary phosphorus by boiling the
prand powder with a solution of caustic soda ;
it is then repeatedly washed with boiling water
and carefully dried by steam heat.

1 Thehardness of amorphous phosphorus lies between
ralcareons spar and fluor spar.

' See Engtish Patent No. 13,695, by A. Albright, 1851.
Yol. III.-Ï'

(c) The packing. The ground red phos¬
phorus, dried in the manuer deseribed, is sent
out in the dry state in tin boxes holding 10 lbs.
each.

Properties of Ordinary Phosphorus.

Phosphorus at the ordinary température
(15°C.) is a pale yellow, soft and flexible, trans-
lucent, waxy-looking solid, which becomes hard
and brittle at température below 5-5°C. It is
extremely inflammable, especially if not quite
pure, and must always be kept under water. It
bas a great affinity for the oxygen of the air,
with which it combines directly.

It also combines directly with chlorine, bro-
mine, iodine, and sulphur, but not with nitrogen
and hydrogen.

Phosphorus is luminous in the dark, and in.
a moist atmosphère a graduai oxidation takes
place with formation, first of phosphorous acid,
and ultimately of phosphoric acid, ozone and
hydrogen dioxide being likewise produced at the
same time. When exposed to daylight, under
water, a whitish incrustation is formed, which
frequently becomes of a reddish hue. According
to Baudrimont (C. R. 61, 857, 1866) the crust is
formed only under influence of oxygen, and
possesses ail the usual properties of ordinary
phosphorus.

The following déterminations were recently
made by the author, with the help of his assis¬
tant (G. H. Gemmell) :—

Spécifie gravity at 16°C., 1-82.
Melting-point, under water in an open vessel,

43-3°C., and in closed vessel without water
phosphorus melts at 30°C. In both cases, if
left undisturbed in a smooth glass vessel it may
remain liquid at températures considerably below
the melting-points. It distils at 269°C., the
vapour being colourless, and takes tire in air
when heated to 34°C. It is very soluble in bi-
sulphide of carbon, one part dissolving 9-26
parts of phosphorus, a slight amount of heat
being developed, but on cooling to ordinary
températures some of the phosphorus is pre-
cipitated in a crystalline form.

Phosphorus is also very soluble in sulphur
chloride, phosphorus trichloride, and phosphorus
sulphide. It is nearly insoluble in water.

The following table shows the weight of dif¬
férent solvents required to dissolve 1 part by
weight of phosphorus. The température of the
solvent, unless otherwise stated, is 12°C. :—

Parts

Benzene (90 p.c. sp.gr. -878) . 82-5
Chloroform . . .83
Aniline 154
Oil of turpentine . . . 162
Paraffin oil (sp.gr. -806) . . 179
Ethyl ether (sp.gr. -725) . . 203
Olive oil 649
Alcohol (sp.gr. -801) . . . 764

at 40° . 535
Wood spirit (sp.gr. -846) . . 1408

„ at 40° . 862
Acetone ..... 2702
Solution of caustic soda (sp.gr.

1-35) 194
Liquor ammoniae (sp.gr. -880) . 3030

The ammoniacal solution becomes dark
brown, and the surface of the phosphorus is
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eoated with a brown-blaek deposit. When water
is added to the greater number of the above
solutions, the phosphorus is precipitated.

Cold concentrated nitrio acid dissolves phos¬
phorus. If expose! to the action of dilute nitric
acid for some time its crystalline character
becomes évident.

Sulphuric acid (92 p.c. O.V.) does not dissolve
phosphorus in the cold, but attacks it on pro-
longed boiling. Phosphorus is insoluble in cold
concentrated hydrochloric acid.

Phosphorus fumes in the air, emitting a garlic-
like odour. On exposure to air, it not unfrequently
melts and takes tire, and during combustion dense
white fumes of P205 are produced, which ean be
collected in snowy flakes. The burns produced
by ignited phosphorus are of a serious nature,
and are very slow in healing, any unconsumed
phosphorus left on the wound being rnost ditïi-
cult and painful to remove.

Phosphorus sometimes contains a small pro¬
portion of arsenic derived from the sulphuric
acid used in the préparation of the phosphoric
acid. If this be présent in any quantity the
refined phosphorus has a red or mahogany
colour. Phosphorus is a powerful poison ; less
than 2 grains are said to have caused death.
Those who have to handle it frequently are
liable to necrosis, which begins with the disinte-
gration of the jaw-bones, and ends with their
total destruction. Ill-fed and scrofulous persons
are said to be specially affected. It is rather a
curious circumstance that persons engaged in
the manufacture of phosphorus do not appear
to be affected by this disease.

Phosphorus does not conduct electricity
(Faraday).

Aecording to Deville and Troost, the vapour
of phosphorus has a sp.gr. of 4*50 at 1040°C. ; it
is concluded, therefore, that there are four atoms
in the molecule.

Phosphorus is tough, and cannot be pul-
verised ; but if melted under water and shaken
till the fluid is quite cold, it is redueed to a fine
state of division in the form of round pellets of
various sizes ; an aqueous solution of urea or
alcohol aids this formation. When heated with
aqueous vapour to a température of 250°C.,
phosphorus décomposés the water, phosphorous
acid and phosphuretted hydrogen being formed.

Phosphorus volatilises to a small extent
when boiled with water.

Phosphorus in vacuo volatilises at ordinary
températures. It is not luminous in pure oxygen
at températures below 20° (Millier) ; but if mixed
with a neutral gas, or if it be rarefied, then
luminosity is at once seen (Graham). The
présence of mercuric chloride and of phénol
(Polstrofi and Mensching, C. N. 57, 71), and of
certain gases, such as olefiant gas, sulphuretted
hydrogen, or the vapours of turpentine or ether
when présent even in small quantities, prevent
the glow of phosphorus. When phosphorus is
placed in an atmosphère of hydrogen, nitrogen,
or carbonic acid, these gases when brought into
contact with oxygen become luminous from the
oxidation of the phosphorus diiïused through
them.

Phosphorus at high températures combines
with most of the metals forming phosphides.
For example, if phosphate of lime and silica

with carbon and iron (as ore or métal) be heaH
to a high température, a very fusible phosphide
of iron can be obtained, corresponding to lté
formula FeJ?.

Phosphorus, owing to its affinity for oxygea,
is a powerful reducing agent. It précipitais
copper, silver, platinum, palladium, and gold
when brought into a solution of the salts at
these metals.

Besides the red or amorphous, there appear,
to be a third allotropie modification ol phos-
phorus—viz., metallic or rhombohedral pho=-
phorus—formed byheating theelementinsealtd
tubes along with metallic lead for some hour;.
On cooling, crystals are found permeating the
lead ; these are separated by dilute nitric acid,
which dissolves out the lead. This phosphorusis
a dark crystalline substance, sp.gr. 2-34 at lof.

H. M. Vernon (Phil. Mag., October 1891
states that a rhombie modification of phosphore;
exists, melting at about 45-3°, and of sp.gr. l'82ïi
It appears to be formed from the octahedral
variety by slowly cooling it when liquid.

Uses of phosphorus and statistks oj Ifc
trade. The chief consumption of phosphomi:
présent is in the manufacture of matches. Th¬
is by far the largest and most important use fort!
element. The so-ealled ' Safety matches ' which
ignite on the box, have no phosphorus on fc
match itself, but have a thin layer oi red or
amorphous phosphorus on the sides ol the
box.

Phosphorus is used in medicine in small
doses. It is likewise employed in form oi
paste for the destruction of rats aud mice, mi
recently a considérable quantity has been ei
ported to the Australian Colonies to assistini
extermination of the rabbit. Phosphorus isak-
required in the manufacture of saecharin/
It is also used in the laboratory, and in the
manufacture of many organic compounds.

Phosphorus as phosphide of calcium is ot
of the eonstituents of the material used foré
tress signalling at sea.

Sir William Armstrong's explosive mil!»
for shells is said to contain amorphous pk-
phorus and chlorate of potash.

Phosphor bronze, which is now extensirij
employed in the arts, contains a small percer:
âge of phosphorus, which modifies the properfe
of copper to a large extent favourably wkenpr
sent in minute quantities, and unfavouratl;:
présent in more than 2 to 3 p.c.

At the présent time nearly the entire amoc
of phosphorus manufaotured in Europe iî q
plied by two establishments—viz., Messrs. 1
bright and Wilson, of Oldbury, Birmingham, ir:
Messieurs Coignet et fils, of Lyons. There r
one or more makers of phosphorus in Bnsà
but the production in that country is belies.
to be small.

It is difficult to ascertain with any degieecl
accuracy the exact amount of phosphorus ccc-
sumed every year. The large total of 1,200 te.
has been mentioned as an approximation ter-
truth, although probably this figure is rat
below than above the quantity.

1 Furtlier experiments detailed in Percy's MetaUr;
'Iron and Steel,' p. 70.

- See Britisli Association Report, Manchester, ISS*.
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The following détails of the total amount of
phosphorus per box of matches, made by a few

PHOSPHORUS, NON-IiIETALIIC COM-
POENDS OF.

Hydrogen phosphides. Three of these oom¬
pounds, PHj, P2H4, and P4H2(?) are known, the
trst being gaseous, the second" liquid, at ordinary
températures, and the last solid. According to
Commaille (C. E. 68, 263), a second solid phos-
phide, P,H, is obtained by the action of ammonia
solution on phosphorus.

Phosphorus trihydride, phosphoretted hydro-
j«, or phosphine, PH.„ is usnally obtained by
lieating phosphorus with milk of lime or strong
potash : 3KHO + 3H20 + P4 = PH, + 3POH2KO,
or by decomposing calcium phosphide with
nier: 3Ca2P„+12H.,0 = 4PH3 + P2 -t- 6Ca(HO)2.

As thus prepared, the gas contains a suffi-
dent amount of the dihydride, P2H4, probably
produced by a secondary reaction,

CajPj+4H,0 = 2Ca(HO)2 + P2H4,
torender it spontaneously inflammable. When
tbe gas is passed through water, each bubble on
entering the air gives rise to a vortex ring of
phosphoric oxide or metaphosphoric acid. The
gas also contains hydrogen produced by the
graduai décomposition of the hypophosphite by
the alkali : POHJiO + 2KHO = 2H? + K3P04.

The spontaneous inflammability may be de-
stroyed by decomposing or condensing the dihy¬
dride by exposure to light, or by passage through
a tube cooled by a f reezing mixture.

Tbe trihydride may be obtained free from the
dihydride by decomposing calcium phosphide
with hydrochloric acid, which converts any
«ibydride formed into the gaseous and solid
bydrides. It may be prepared pure by decom¬
posing phosphonium iodide with water, or pre-
ierably with potash,

PH,I+KHO = PH3 + Kl + H20

(ïïofmann, B. 4, 200).
Phosphine is a colourless gas with an offen¬

sive, garlic-like smell, somewhat soluble in
water, and combining, like ammonia, with cer¬
tain metallic chlorides, and with hydrobromic

I of the well-known match manufacturera, may
I be of interest:—

and hydriodic acids to form phosphonium oom¬
pounds.

Gattermann and Hausknecht (B. 1890, 1174)
employ the following process for preparing the
dihydride. A large three-necked Woullî's bottle,
three-fourths filled with water, is freed from air
by a current of hydrogen supplied through a
tube fitted in one neck and dipping just beneath
the water, and is lieated in a water-bath to 60°.
Calcium phosphide is tlien introduced in lumps
weighing about two grms. through a wide,
funnel-topped tube fitted to the second neck and
just dipping beneath the water. The evolved
gases pass through a tube fitted to the third
neck to a test-tube, from which passes a tube to
a condensing-tube surrounded by iced water.
The water in the gas condenses in the test-tube,
and the hydride, FH„, liquéfiés in the condenser,
about 2 c.c. being obtained from 50 grms. of
calcium phosphide. The uncondensed gas may
be passed through a flask containing hydrochloric
acid, which décomposés the remaining P.JHj into
the trihydride and the solid hydride.

The dihydride is a colourless liquid of sp.gr.
l'007 at 12°, boiling, when not too suddenly
heated, at 57-58° (735 mm.) (Gattermann and
Hausknecht, l.c.). On exposure to light, or under
the action of hydrochloric acid, it décomposés
into the trihydride and the solid hydride. Small
quantities of the dihydride impart spontaneous
inflammability to hydrogen, carbon monoxide,
and other combustible gases.

The solid hydride is obtained, as above, as a
yellow powder, by decomposing the dihydride
with hydrochloric acid, or by the action of light,
or by treating calcium phosphide with hot
hydrochloric acid. It ignites when heated in
the air.

Compounds of phosphorus and
nitrogen.

A considérable number of these compounds
exists.

Phospham or nitrogen phosphide PN„H(?)
is obtained as an amorphous, yellowish-white
powder, insoluble in water and infusible at a

o 2

Description of matcli Manufacturer
No. of matches

per box
Total phosphorus in

grains
Phosphorus

used

Haï vcstas, in box 61 inches )
long . . . Jf

Bell & Co. 360 G'33 on matches Ordinary
H'oi vestas, in box 3} inches 1

long, red tips . . / »» 130 2-32 »

liai vestas, ' Star,' in box \
61 inches long . . /

Mariotte & Co. 350 6-89 >>

Safety matches (wood), in i
box 3 inches long . J

Bell & Co. ■ 82 1-07 on box Amorphous

Safety matches (wood), in \
box 3 inches long . J Bryant & May 72 •58 „ >.

Steamer safety match (wood) . Not stated 100 •49 „

Ordinarylubilee matches (wood) . Bell & Co. 84 l-76 on matches
Vulean paraffin match (wood) Made in Sweden 96 1-04 »

Vesuvians (wood) (double- j
headed) / Bryant & May 21 1-74 J»

Flaming vestas (wax) . Bell & Co. 36 •51 »

J. B. R.
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red-heat, when phosphorus trichloride, cooled by
a freezing mixture, is saturated with ammonia
gas, and the product (5NH3.PC13 ?) is heated in
a current of carbcn dioxide so long as ammonium
chloride passes off.

Phosphamide (phosphodiamide) PONHNH._,
is a white powder obtained by the action of water
on the product of the action of ammonia on
phosphorus pentachloride :

and
PC15 + 4NH3 = (NH.,)2PC13 + 2NH4C1

(NH,)2PC13 + H20 = PONHNH2 + 3HC1.

Phosphoryl triamide (phosphotriamide)
PO(NH.,)3 is a white amorphous powder obtained
by the action of dry ammonia on phosphorus
oxychloride (Schiff, Z. 5, 609).

Phosphoryl nitride (phosphomonamide)
PON is obtained when either of the last two

compounds is heated to redness out of contact
with the air. Several phosphamic acids, and
amides containing chlorine, are also known (v.
Gladstone, C. J. 1864, 225 ; 1865,1 ; 1866, 1 and
290 ; and Salzmann, B. 7, 494).

Compounds of phosphorus and
sulphur.

Several liquid and solidsulphides,all of whioh
areveryinllammable and more fusible than either
of the constituent elements, are known. The
liquid compounds SP4 and SP2 may be prepared
by combining the two elements in proper propor¬
tionsby warmingunderwater. The solidsulphides
P4S3, P2S3, and P2S5 are obtained by carefullyheat-
ing sulphur with amorphous phosphorus. The
composition P.2Sa (Dupré) or P,S,2 (Berzelius,
Gmelin's Handb. 2, 218) has been assigne! to a
body obtained in rhombic sulphur-like crystals by
solution of sulphur in sulphur diphosphide.
According to Baume (B. 12, 940 and 1350), the
crystals are merely sulphur containing phos¬
phorus.

Phosphorus pentasulphide P2S5, which is
employed in the préparation of organic sulphur
compounds is produced by gently heating a mix¬
ture of powdered roll sulphur and amorphous
phosphorus in a loosely-corked flask, best in a
stream of carbon dioxide. The product forms a
greyish-yellow erystalline mass, which may be
obtained in transparent crystals by sublimation.
Itmelts at 274-276° (Meyer,B. 12, 610), andboils
at 519° at 734 mm. pressure (Goldsehmidt, B. 15,
304). For reeent work on phosphorus sulphides,
v. Rebs (A. 246, 356), Dervin (Bl. 41, 433),
Isambert (C. B. 96, 1499 and 1771), Lemoine
<0. E. 96, 1630), and Schulze (B. 16, 2066).

Compounds of phosphorus and
sélénium.

The selenides P4Se, P2Se, P2Se3, and P2Se5,
corresponding with the sulphides of phosphorus,
are produced by gently heating a mixture of dry
phosphorus and sélénium in a stream of hydro-
gen (v. Berzelius, Gmelin's Handb. 2, 242 ;
Bogen, A. 124, 57 ; and Hahn, J. pr. 93, 430).

Haloid compounds of phosphorus.
Phosphorus trichloride PC13, may be prepared

by passing dry chlorine over heated amorphous

phosphorus or over dry ordinary phosphorus,
and digesting the product with ordinary phos¬
phorus for some weeks to eonvert any penta¬
chloride which may have been formed into the
trichloride (Dumas, A. Ch. [3] 55, 172). It is a
mobile, colourless, fuming liquid of pungent
smell, boiling at 75-95° (760 mm.), and havin;
a sp.gr. of 1-61275 p (Thorpe, Pr. 24, 295). It
absorbs water with production of hydrochloric
and phosphorous acids. It dissolves phosphorus,
and is itself soluble in benzene and carbon

bisulphide. When mixed with alcohol, heat is
evolved, with production of ethyl chloride an!
phosphorous acid, and évolution of hydrochloric
acid. Phosphorous ether is also produced
(Béchamp, C. E. 40, 944 ; and 41, 23).

Phosphorus pentachloride PC1S may he
obtained by passing dry chlorine over the mil-
cooled trichloride until the whole is dry, or by
the action of excess of chlorine on phosphora
On the large scale, it is best prepared by passing
excess of dry chlorine through a cooled solution
of phosphorus in carbon bisulphide, and finally
crystallising out the product. It forms white
lustrous crystals of unpleasant smell, volatilising
below 100° without liquefying. Under pressure,
it melts at 148° (Strecker). The vaponr dé¬
composés, when heated, into the trichloride
and chlorine (Wanklyn and Bobinson, Pr, 12,
507).

In moist air, the pentachloride is converted
into the oxychloride with évolution of hydro¬
chloric acid. Sulphur trioxide couverts it into
the oxychloride with production of sulphun!
chloride: S03 + PC13 = S02C1, + POCl,. Phos¬
phorus pentachloride is mueh used in the pré¬
paration of organic chlorides.

Phosphorus chlorobromide PCljBr2 is ob¬
tained by the action of bromine on phosphorus
trichloride. It solidifies at - 20°, and décom¬
posés when heated to 35° (Michaelis, B, 5,
9). It combines with various proportions of
bromine (v. Michaelis, l.c. ; Prinvault, C. B.
74, 868 ; and Stern, C. J. 1886, 815).

Phosphorus chloro-iodide PC1SI is saidto
be obtained in fine red hexagonal crystals b;
the action of iodine on phosphorus trichloride
(Moot, B. 13, 2029).

Phosphoryl chloride POCl, may be préparé!
by heating dry oxalic or boric acid with the
pentachloride :

PC15 + H,C.,04 = POCl3 + 2HC1 + C02+CO,

or by heating the pentachloride with the peut
oxide in a sealed tube : 3PC15 + P20s=5P0C1,
Dervin (C. B. 97, 576) recommends its prépara¬
tion by the action of potassium chlorate c
phosphorus trichloride.

Phosphoryl chloride is a colourless, fuinfc
liquid, boiling at 107'23° (760 mm.), and hari::
a sp.gr. of 1-71163 ^ (Thorpe, C. J. 37,338). Wh-::
cooled it solidifies to crystals which meli c
+ 0-8°. Its molecular dépression of the. freezir:
point is 0-48° (Huntley, C. J. 1891, 205). ffaie
instantly décomposés it into hydrochloric C
phosphoric acids.

Metaphosphoryl chloride (?) P02C1. Astfiz
coloured viscous body obtained by heatiu;
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mixture of phosphorus pentoxide and phos-
phoryl chloride in a sealed tube at 200° (Gustav-
son, B. 4, 853), or togetker with phosphoryl
chloride, by the action of chlorine on cooled
phosphorous oxide (Thorpe and Tutton, C. J.
1890, 572) ; bas been found to possess a com¬
position corresponding with the formula P02C1.
It bas, bowever, been sliown by Huntley (C. J.
1891, 202) tliat tbis body consists of at least
two substances, one of whicb is pyrophosphoryl
chloride, while the other is a compound or mix¬
ture of the composition P,016C15.

Fyrophosphoryl chloride P203C1, is a colour-
less, fuming liquid, boiling above 210°. It is
obtained by the action of nitrogen peroxide on
cooled phosphorus trichloride. Nitrosyl chloride
is evolved, and pyrophosphoryl chloride remains
together with phosphorus pentoxide, phosphorus
trichloride, and phosphoryl chloride, frorn which
it is separated by fractional distillation (Geuther
aad Michaelis, B. 4, 7G7). It is also obtained as
stated above.

Phosphoryl bromochloride POBrCL (v. Men-
schutkin, J. pr. 98, 485) is a highly refractive
liquid, boiling at 137*6° (700 mm.), and having
a sp.gr. of 2*12065 ~ (Thorpe, C. J. 37, 344).
When cooled, it solidifies in tables, which melt
util0 (Geuther and Michaelis, 13. 4, 769).

Thiophosphoryl chloride PSC13, is a colourless,
tuming liquid, produced by the action of sul-
phuretted hydrogen on the pentachloride, or,
better, by heating a mixture of phosphorus
pentasulphide and pentachloride. It boils at
125° (760 mm.), and bas a sp.gr. of 1*6682
(Thorpe, C. J. 37, 341).

Nitrogen chlorophosphide P3N3C1„ is ob¬
tained by gently heating a mixture of phosphorus
pentachloride and mercurammonium chloride
(white precipitate) or ammonium chloride. It
sublimes in rhombic prisms, melting at 110°, and
boiling at 240° (v. Gladstone and Holmes, C. J.
17,225).

Phosphorus tribromide PBr3 is best prepared
by slowly dropping bromine on excess of amor-
phous phosphorus in a fiask fitted with an in-
verted condenser. The rectified product is a
colourless mobile liquid of strong, pungent smell,
boiling at 172-9° (760 mm.), and having a sp.gr. of
2*923 (Thorpe, C. J. 37, 335).

Phosphorus pentabromide PBr5 is produced
by the addition of bromine to the cooled tri¬
bromide, in the form of yellow crystals of pun¬
gent smell, melting to a red liquid, which dé¬
composés into the tribromide and bromine at
100°.

Phosphoryl bromide, phosphorus oxybromide
POBr, occurs in fiât tables, melting at 45°-46°
and boiling at 195° (Ritter, J. 8, 301), and is
prepared similarly to phosphoryl chloride.

Phosphonium bromide PH4Br crystallises in
colourless cubes, and resembles the iodine
compound.

Thiophosphoryl bromide PSBrs, a yellow,
crvstalline body, pyrothiophosphoryl bromide
PjSjBr,, a fuming yellow oily liquid, and meta-
phsplioryl bromide PS._Br, are also known.

Phosphorus di-iodide P2I4 is prepared by the
graduai addition of 8*2 parts of iodine to a
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solution of 1 part of phosphorus in earbon
bisulphide. On distilling off the bisulphide, or
on cooling it, the iodide remains or crystallises
out in bright orange-yellow crystals which fuse
at about 110° (Corenwinder, A. Ch. [3] 30,
242).

Phosphorus tri-iodide PI3 is prepared simi¬
larly to the di-iodide, but with the use of a
correspondingly larger proportion of iodine. It
forms red six-sided déliquescent prisms, using
at 55° (Corenwinder, l.c.).

According to Burton (Am. 3, 2S0), oxyiodides
of the formulas I0P3O3 and I2P02 exist.

Phosphonium iodide PH,I is obtained by the
union of phosphine with hydriodic aeid, or by
the action of water and iodine on excess of

phosphorus.
The iodine and phosphorus are preferably

combined in carbon bisulphide, which is tken
distilled oft' and the water added gradually
during passage of carbon dioxide (Hofmann,
B. 6, 291). The iodide is thus obtained as a
sublimate of glittering déliquescent quadratic
prisms, decomposed by water into hydriodic aeid
and phosphine. It is a powerful reducing agent,
and is employed as such in the préparation of
many organic compounds.

Phosphorus trifluoride PF3 may be prepared
by carefully heating dry copper pkosphide with
lead fluoride, or by allowing arsenic tri-fluoride
to drop upon phosphorus tri-ehloride, or, pre¬
ferably, by gently warming a mixture of dry
zinc fluoride and phosphorus tribromide. It is
a colourless sharp-smelling gas, which condenses
at —10° under a pressure of 40 atmosphères to a
colourless mobile liquid without action on gas.
The gas dissolves slowly in water. It produces
silicon fluoride, with séparation of phosphorus
when heated in contact with glass. It combines
directly with bromine, giving an amber-coloured
mobile liquid having the composition PFsBr2
(Moissan, C. R. 99, 655, and 970, 100, 272 and
1,348; A. Ch. [6] 19, 286).

Phosphorus pentafluoride PR, is obtained by
the action of arsenic trifluoride on phosphorus
pentachloride (Thorpe, Pr. 1876, 122). It is a
very heavy, fuming, colourless, uninflammable
gas, which is rapidly decomposed by water into
hydrofluoric aeid and pkosphoric aeid, and
which may be liquefied under pressure. It
combines with dry ammonia to produce a white
solid 2PF5.5NH3, and, according to Tassel (C. R.
110, 1,264), combines with nitrogen peroxide to
produce a white crystalline body of the compo¬
sition PF5.N0„; v. also Moissan (C. R. 101, 1,490
and 103, 1,257).

Phosphoryl fluoride, phosphorus oxyfluoride
POF3 may be prepared by the action of the
eleetrie spark on a mixture of phosphorus tri¬
fluoride and oxygen, by the action of phosphorus
oxyehloride on gently warmed zino fluoride
(Moissan, C. R. 102, 1,245), or, better, by the
method employed by Thorpe and Hambly (C. J.
1889, 759), which consists in gently heating a
mixture of cryolite and phosphorus pentoxide.
It is a colourless, fuming gas, rapidly absorbed
by water, and without action when dry on glass
or mercury.

Thiophosphoryl fluoride PSF3 may be ob¬
tained by heating a mixture of arsenic trifluoride
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and phosphorus thiochloride in a sealed glass
tube to 150°, or by lieating a mixture of amor-
phous phosphorus, sulphur, and lead or bismuth
iiuoride, or, preferably, by lieating a mixture of
powdered, freshly-fused lead fluoride, andfreshly-
made phosphorus pentasulphide in a leaden
tube from which air lias been expelledby a current
of dry nitrogen: P2S5+3PbF2 = 3PbS + 2PSF,,.
The action commences at 170°, and the tempéra¬
ture should be kept below 250°. The gas is
stored over mercury in a glass holder containing
fragments of quicldime, which gradually absorb
the phosphorus triiiuoride and any trace of sili-
con fluoride contained in the gas. The quicklime
should be freed from air before use by repeatedly
passing dry nitrogen into the holder and exhaust-
ing with a Sprengel pump. At ordinary tempéra¬
tures, thiophosphoryl fluoride is a heavy colour-
less gas which condenses at a pressure of 10 to
11 atmosphères to a colourless liquid. A jet of
the gas burns spontaneously with a greyish-
green flame of extremely low heating power. If
a considérable quantity of the gas be suddenly
exposed to the air, a fine blue flash, followed by
the greyish-green flame, is observed. The gas
burns spontaneously with a yellow flame in
oxygen, but the dry gas does not inflame in dry
oxygen in presence of sufficient of its oxidation
produets. The mixture instantly inflames on
exposure to air or on introduction of mois-
ture.

When heated or exposed to the eleetric sparlc,
the gas is decomposed into sulphur, phosphorus,
and phosphorus fluorides. It is without action
on mercury, sulphurie acid, carbon bisulphide,
or benzene. It dissolves to some extent in ether,
the solution burning with a greenish flame. It
dissolves slowly with décomposition in water
and solution of potash, soda, or ammonia. It
combines with ammonia gas to form a white
solid. Gently heated sodium burns with a red
flame in the gas, the residue evolving sponta¬
neously inflammable phosphine when treated
with water. When heated in a glass tube the
gas deposits phosphorus and sulphur, with for¬
mation of silicon tetrafluoride, which occupies
three-fourths of the volume of the original gas :
4PSF, + 3Si = 3SiF4 + P.,+S, (Thorpe andEodger,
C. J. 1888, 7C6, and 1889, 306).

Oxides and acids of phosphorus.
The product of the combustion of phosphorus

in a limited supply of air consists of a mixture
of the four oxides P.,0, P406, P204, andP205.

The first of these oxides, P4Ô, has been shown
by Le Verrier (A. 27, 107) to constitute the light
red or orange constituent which was formerly
supposed to be amorphous phosphorus.

Phosphorous oxide, phosphorous anhydride
P4Os. . The existence of this compound as one
of the produets of the slow combustion of phos¬
phorus seems to have been first noticed by
Sage in 1777. It appears also to have been
obtained by Cabell as a sublimate from the
mixed oxides (C. N. 50, 209). It, however, re-
ceived no systematic examination until Thorpe
and Tutton (C. J. 1890, 545) obtained it in a
state of purity by the following method :—

Pièces of dried phosphorus are placed in a
glass tube drawn out, but open at one end, and

connected at the other end with a brass tube
surrounded by a tube filled with water. The
inner tube is fitted to a long-limbed U-tube
formed at the bend, with a branch fitted to a
small bottle, into which the product of the
action may be passed by warming tlie limbs
of the U-tube. A freezing mixture surrounis
the U -tube and bottle.

The phosphorus having been ignited by
heating the tube, is oxidised by drawing air
through the apparatus with an aspirator, and
after about fifteen minutes, the water around
the brass tube is heated to about 50°, as in-
dicated by a thermometer fitted to tke outer
tube, and the température is maintained there-
abouts until near the end of the opération,
when it is raised to about 60°. The readiiy
fusible trioxide gradually passes over from the
combustion produets in the brass tube and
solidifies in the U-tube, a loose plug of glass
wool in the brass tube preventing passage of the
other oxides. The action is stopped when about
four-fifths of the phosphorus has been burned,
in order to dimiuish the chance of oxidisingthe
product.

The product solidifies in the U-tube as a
snow-white waxy mass. It may also be ob¬
tained in long feathery aggregations or in tbiu
isolated prisnrs, terminated by pyramids, and
probably belonging to the monoclinic System, as
do those of the corresponding compound with
arsenic or antimony.

Phosphorus trioxide possesses a peeuliai
phosphorus-like smell. It fuses at 22-5° to a
mobile liquid which normally re-solidifies at
21°, but which sometimes exhibits the property
of superfusion. It boils at 173-1° (7G0 mm.).
When heated in a sealed tube to about 210° the
oxide beeomes turbid, and at 440° is entirely
decomposed into the tetroxide and amorphous
phosphorus.

Phosphorous oxide is slowly dissolved by
cold water, forming phosphorous acid. With
hot water, the action is violent, large quantifies
of the red suboxide or amorphous phosphorus
being produced, with évolution of spontaneously
inflammable phosphine.

Phosphorous oxide dissolves unchanged in
ether, carbon-bisulphide, benzene, and chloro-
form, but instantly ignites in contact with abso-
lute alcohol. When this action is properlycon-
trolled, di-ethyl phosphorous acid is obtained.

The oxide is spontaneously oxidised in pre¬
sence of air or oxygen. When thrown into
oxygen heated at 50° or 60°, it ignites with
great brilliancy. It inflames readily when
exposed to the air, especially when warmel
or when in contact with fabrics or paper.
When thrown into chlorine, it burns with a

greenish flame. The slow action of chlorine on
the cooled oxide gas gives a mixture of phos-
phoryl chloride and the so-called metaphos-
phoryl chloride.

Bromine acts in a similar manner, but with
previous formation of phosphorus pentabromide.
With iodine it forms the tetraiodide and the
pentoxide : 5P406 + 81, = 4P,J4 + 6P2Os. Heated
with sulphur it yields phosphorus sulphoxide
P408S4, forming clear transparent crystals, m.p.
120° and b.p. 295°, deliquescing rapidly in the
air, and readily dissolved by water, forming
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sulphuretted hydrogen and phosphoric acid :
PI0(S, + 10H,0 = 4H3P04 + 4H,S (Thorpe and
Won, C. J.1891).

Yapour density déterminations show that
the gaseous molécule of the oxide has the
formula P40s. Déterminations of the molecular
«ight by Eaoult's method give similar results.

Fhosphorus tetroxideP204 was first obtained
by Thorpe and Tutton (C. J. 1886, 833) by heat-
ing the mixed oxides obtained by the slow com¬
bustion of phosphorus in a sealed exhausted
tube at about 290°. A sublimate of this oxide
in clear, transparent, lustrous, colourless, or-
thorhombic crystals, volatilising at about 180°, is
te obtained. It may be prepared, together
vvith amorphous phosphorus, by heating phos-
phorous oxide in a sealed tube to about
440°.

This oxide is highly déliquescent and dis¬
solues in water, with évolution of heat, the
strongly acid solution being unchanged on boil-
ing. The solution reduces merouric chloride to
calomel on warming, and gives a white pre-
eipitate, whicli rapidly blackens with silver
nitrate.

Phosphorous pentoxide, phosphoric oxide,
phosphoric anhydride P203 is the product of the
complété combustion of phosphorus. It may be
obtained in a state of purity by suspending a
porcelain disb, containing buming phosphorus,
in a three-necked globe, aud drawing dried air
through the globe with an aspirator. Two of
the necks serve for the entrance and exit of the
air, and the third and vertical neck receives
a corked tube, through which pièces of dried
phosphorus are dropped at intervais into the
dish.

Grabowski (A. 136, 119) reeommends for the
préparation on the large scale the use of a sheet-
iron cylinder, liaving a cover and resting on a
sheet-iron tunnel. The cover has a chimney
closed by a cork, and a damper is fitted to the
apparatus so that the air may be admitted as
required. The oxide produced is shaken at in-
tervals into a bottle beneath the funnel.

This oxide is a white amorphous powder
which, when pure, is perfectly colourless and
odourless. It frequently possesses a garlic smell,
(rom the presence of phosphorous oxide, and
may have a yellowish colour, more noticeable
when a portion is allowed to deliquesce, from
presence of the lower oxide P.,0. It rapidly de-
liquesces, with production of metaphosphorie
acid. Whenaddedto water, orthophosphoric acid
i; gradually produced, with évolution of heat.
According to Hautefeuille and Perrey (C. R. 99,
33), it exists in three forms, crystalline, pulvéru¬
lent and vitreous.

Phosphorus pentoxide is the best desiccating
agent known, and is largely used in the labora-
tory for completing the desiccation of gases and
liquids, or for removing the elements of water
from compounds, as in the préparation of ni-
irogen pentoxide.

Hypophosphorous acid H3P02 is a monobasic
acid whose salts are formed when alkalis or

alialine earths are boiled with phosphorus. The
barium sait Ba(PH,02)2 is of most interest, as
the acid and salts are usually prepared from it.
This sait is formed, with évolution of phos-
phoretted hydrogen, on boiling phosphorus

with baryta water :—3Ba(HO)2 + 2P4 + 6H20
= 3Ba(PH202)2 + 2PPI3. It may be deoomposed
by dilute sulphuric acid to obtain the acid, or by
the addition of a sulphate to produoe another
hypophosphite.

Hypophosphorous acid forms a thick syrup,
from which crystals melting at 17'4J may be ob¬
tained by evaporation below the boiling-point of
the solution, and cooling in a freezing mixture.
When strongly heated, it décomposés into phos-
phoretted hydrogen and phosphoric acid. It
reduces mercuric chloride to calomel or mercury,
and is oxidised to phosphoric acid by chlorine
and other oxidising agents. Most hypophos-
phites dissolve in water, and many in alcohol.
They are ail powerful reducing agents, and pre-
cipitate gold and silver from solution. The
sodium sait is used in medieine.

Phosphorous acid P(H0)3 is obtained by the
action of water on phosphorous oxide or of
moist air on phosphorus. The pure acid may
be obtained by the décomposition of phosphorus
trichloride with water, or by slowly passing
chlorine through a deep layer of phosphorus
rnelted under water—

PC13 + 3H..0 = P(HO)3 + 3HCl.
On evaporating the solution until it attains a

température of 180° and forms a thick syrup, it
gives on cooling a crystalline mass melting at
70-1° (Thomsen, B. 7, 996). When strongly
heated, the acid produces phosphoretted hydro¬
gen and phosphoric acid. The aqueous solution
slowly absorbs oxygen. It is a powerful re¬
ducing agent, and précipitâtes gold, silver, and
mercury from solution.

Phosphorous acid is tribasic, but, excepting
the tribasic sodium sait and some ethereal salts,
only two atoms of hydrogen are replaceable by
the base. Ail phosphites are soluble in water,
the normal alkaline salts being most soluble.
They act as reducing agents similarly to the
hypophosphites, but, unlike them, give a pre-
cipitate with lime water.

Phosphoric acids. Three acids, produced by
the eombination of phosphorous pentoxide with
one, two, and three molécules of water respee-
tively, are known, their names and composition
being as follows : Metaphosphorie acid HP03 or
P,03H.,0 ; pyrophosphoric acid H4P207 or
P2052H,0, and orthophosphoric acid H3P04 or
P2053H20. The sodium sait of a fourth acid
P407(HÔ)6 or 2P20s.3H20, which may be called
tetraphosphoric acid, is also known (Fleitmann
and Henneberg, Ann. Chem. Pharm. 65, 324),
and Salzer (A. 187, 322) has described a phos-
phoroso-phosphoric acid or hypophosphoric acid
P404(H0)s of which phosphorus tetroxide may
perhaps be the anhydride. Finally, the sodium
sait of thiophosphoric acid H3PS03 is known
(Wurtz, A. Ch. [3] 20, 472).

Orthophosphoric acid H3P04, usually known
as ' phosphoric acid,' is a tribasic acid which is
produced when amorphous phosphorus is heated
with concentrated nitric acid. The phosphorus
slowly dissolves, with évolution of red fumes,
and the solution is evaporated in a dish with
repeated additions of nitric acid until red fumes
cease to be evolved, to ensure the absence of
phosphorous acid.
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The acid is prepared oommereially front

bone-ash by digesting 3 parts of the ash with
3 parts of crude sulphuric aoid (1*55) and 18 or
20 parts of water for two or three days. The
solution, which contains the phosphorus as cal¬
cium tetrahydric diphospliate (' superphosphate
of lime '), is then pressed in linen filters from
the precipitated calcium sulphate, and is con-
centrated to a syrup, treated with concentrated
sulphuric acid to precipitate the lime, and the
solution filtered off, evaporated, and ignited to
remove the sulphuric acid. By another process
the solution is treated with ammonium carbo¬
nate, which précipitâtes the lime and leaves tri-
ammonium phosphate in solution. The solu¬
tion is separated and evaporated, and ignited to
expel the ammonia. The acid obtained by either
method contains magnesia and other impurities.

In another process the bone ash is dissolved
in its own wéight of hydrochloric acid of sp.gr.
1T8, diluted with 4 parts of water and 1J parts of
sodium sulphate is added. The filtered solution
is neutralised while hot with sodium carbonate,
refiltered, and precipitated with barium chlor-
ide. The mixture of barium sulphate and phos¬
phate thus obtained is decomposed by sulphuric
acid.

Commercial phosphoric acid frequently con¬
tains arsenic, either from the phosphorus used or
from the acid employed in dissolving the bones
&c. The arsenic may be removed by reducing
it to the arsenious oxide with sulphurous acid,
and precipitating it by passage of sulphuretted
hydrogen, after removing the excess of the sul¬
phurous acid by boiling.

To avoid the necessity for removing the ar¬
senic, Wenzell (Proe. Am. Pharm. Assoc. 1882,
556 and Ph. [3] 14, 24) proposes to préparé the
acid by the slow, spontaneous oxidation of
phosphorus in trays containing a thin layer
of water. The phosphorous acid thus pro-
duced contains the arsenic as arsenious oxide,
which becomes reduced to the elemental state,
so that it may be separated by filtration, when
the solution is heated to about 190° for half an

hour. The filtered solution is oxidised to phos¬
phoric acid by the action of nitric acid. Bunyon
(Ph. [3] 14, 48) recommends this process, and
Sommer (S. C. I. 1885, 574) bas described an
apparatus for preparing the acid by ipeans of it
with greater facility.

To préparé the pure acid the commercial
acid may be precipitated as the lead sait by ad¬
dition of lead acetate, the precipitate being
washed and decomposed by subjecting it while
suspended in water to the action of sulphuretted
hydrogen, or by treating it with dilute sulphuric
acid. In the latter case the solution must be
evaporated and ignited to remove sulphuric acid,
and be then redissolved and freed from traces of
lead by means of sulphuretted hydrogen.

Phosphoric acid for médicinal purposes is
also prepared by dissolving the pentoxide in
water.

By evaporation of its solution in vacuo over
sulphuric acid, orthophosphoric acid may be
obtained in hard, transparent, déliquescent, six-
sided ortho-rhombic prisms fusing at 38-6° and
losing water at 160°. At about 215° the acid is
converted into pyrophosphoric acid, and when
heated until dense white fumes commence to be

evolved is converted into a highly déliquescent
glassy mass of metaphospliorie acid.

The strength of aqueous solutions at 15'5° is
shown in the following table (J. Watts, C. N.
91, 160) :—

Spécifie
gravity

P30, in 100
parts

Spécifie
gravity

P„0B in 100
parts

1-508 49-60 1-247 28-24
1-492 48-41 1-236 27-30
1-476 47-10 1-226 26-30
1-464 45-63 - 1-211 24-79
1-453 45-38 1-197 23-23
1-442 44-13 1-185 22-07
1-434 43-95 1-173 20-91
1-426 43-28 1-162 19-73
1-418 42-61 1-153 18-81
1-401 41-60 1-144 17-89
1-392 40-86 1-136 16-95
1-384 40-12 1-124 15-04
1-376 39-66 1-113 14-33
1-369 39-21 1-109 13-25
1-356 38-00 1-095 12-18
1-349 37-37 1-081 10-44
1-339 36-74 1-073 9-53
1-328 36-15 1-066 8-62
1-315 34-82 1-056 7-39
1-302 33-49 1-047 6-17
1-293 32-71 1-031 4-15
1-285 31-94 1-022 3-03
1-276 3103 1-014 1-91
1-268 30-13 1-006 0-79
1-257 29-16

Orthophosphoric acid forms three classes of
salts, of which the sodium salts may be taken
as types. These include the normal or tri-sodium
phosphate Na3P042H20, the hydric disodic
phosphate HNa2P0412H20, and the di-hydric
sodic phosphate H2NaP04H20. The normal
alkaline salts are readily soluble and possess an
alkaline reaction. The insoluble normal phos¬
phates are converted by dilute acids, even by
carbon dioxide, into the soluble hydrogen phos¬
phates. Hydric disodic phosphate and corre-
sponding salts are obtained by adding a solution
of the hydrate or carbonate of the base to phos¬
phoric acid until weakly alkaline. The dihydric
phosphates of the alkalis are soluble and slightly
acid. When strongly heated they produce meta-
phosphates with évolution of water.

Pyrophosphoric acid H4P20, is obtained by
heating orthophosphoric acid to 215° for some-
time. It occurs either as a soft glass or as an
opaque erystalliue mass. It may be obtained in
solution by precipitating tbe sodium sait with
lead acetate and decomposing the precipitate
with sulphuretted hydrogen. When heated in
solution it is converted into orthophosphoric
aoid.

Pyrophosphates are obtained by heating the
mono-hydrogen phosphates, or by addition of
the base to the acid. Both normal and acid
sodium and other alkaline pyrophosphates,
having an alkaline and an acid reaction respec-
tively, are known. When heated with an acid
they are converted into orthophosphates.

Metaphosphoric acid HP03 is obtained as a
transparent, highly déliquescent glassy mass
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when orthophosphoric aoid is heated until dense
white fumes commence to be evolved. It is then
known as glacial phosplioric acid, and usually
contains sodium phosphate, which communi-
cates hardness to the otherwise soft acid
(Brescius, Br. 6, 187, and Bettendorff, ibid. 27,
24).

It is also obtained by the spontaneous déli¬
quescence of phosphorus pentoxide.

Metaphosphoric acid volatilises at a bright-red
heat. Its salts are prepared by neutralising the
acid or by heating a dihydric orthophosphate.
Among the salts no less than five modifications
are known. They may be regarded as salts of
polymeric metaphosphoric acids, and are respec-
tively known as mono-, di-, tri-, tetra-, and hexa-
metaphosphates.

Détection and estimation of phosphoric acid.
Ortho-,pyro-, and metaphosphoric acids, ortheir
soluble salts, may be distinguished by the fact
tbat silver nitrate gives a yellow precipitate with
the first and a white precipitate with the others.
Albumen gives an abundant white precipitate
with metaphosphoric acid or with acetic acid
solutions of its salts, but gives no precipitate
with orthophosphoric and pyrophosphoric acids.
Metaphosphoric and pyrophosphoric acids give
no precipitate with ammonium molybdate when
quite free from orthophosphoric acid.

Pyro- and meta- phosphoric acids are con-
verted into orthophosphoric acid before estima¬
tion. Other phospkorus compounds are con-
veited into the same acid by tieatment with
nitrio acid before estimation.

For estimating phosphoric acid, the solution,
whose bulk should be as small as possible, is
rendered strongly ammoniacal and treated with
maguesia mixture—i.e. with a mixture of mag¬
nésium sulphate or chloride with ammonia and
ammonium chloride. The liquid is allowed to
stand for 12 hours, and is then filtered and
washed with dilute ammonia (1 to 5) until the
washings give no precipitate withbarium chloride
or silver nitrate. The precipitate is ignited,
gently at first, and finally over the blowpipe,
for 15 minutes, and is weighed as magnésium
pyrophosphate Mg2P20,.

The filter-paper should be incinerated sepa-
rately, after eareful séparation from the precipi¬
tate to prevent réduction of the phosphate.
An approximate correction for the error intro-
duced by the solubility of the precipitate may
be made by adding -0005 grm. to the weight
of pyrophosphate obtained for eaeh 100 c.c. of
washings.

When the substance contains small qnantities
ofiron and alumina its précipitation with the
phosphate may be prevented by the addition of
eicess of citric acid ; but in such cases, especially
when much iron is présent, the molybdate
method is préférable.

In this method the solution—which should
contain as little hydrochloric acid or chlorides
as possible—is acidulated with nitric acid,
treated with ammonium molybdate, and eva-
poratedto a small bulk on the water-bath, with
addition of more molybdate at intervais until no
further yellow precipitate is obtained.

The precipitate is filtered off and washed
with ammonium molybdate or strong ammonium
nitrate solution, and is finally dissolved in the

minimum quantity of bot dilute ammonia,
treated with a little citric acid, and precipitated
with magnesia mixture, as above.

PHOTOGRAPHIC VARNISH v. Yaenish.
PHOTOGRAPHY. Introduction. — Photo-

graphy is the art by means of which images of
various objects may be formed by specially con-
structed lenses on sensitive films, and may be
there rendered visible and permanent by certain
chemical processes.

The word itself is derived from the Greek
indicating ' writing or delineating by light ' ; the
light so acting on certain substances as to pro¬
duce in them changes in their composition which
may be rendered visible by the further action of
reagents brought in contact with them. The
chemical theory involved in these changes is
shortly discussed in a later portion of this
article.

To describe fully the history and develop-
ment of photography would be impossible in
the présent place, and this description will be
strictly confined to those points which bear more
particularly on the modem development of the
art.

The effect of light in changing the nature of
chemical substances, more especially certain
salts of silver, was known to the ancients, but no
use of such changes was made till the experi-
ments of Scheele first demonstrated the action of
the solar rays on these salts. He was quiekly
followed in his experiments by Count Rumford
and Iiitter, who showed that these actions were
produced chiefiy by invisible rays ; but no
practical use was made of the discovery of
this action of the light till Thomas Wedgwood
in 1802 published his method of producing sun-
pictures on white paper impregnated with a sait
of silver.

Daguerre and Niepce, taking advantage of the
caméra obscura invented by Baptista Porta,
finally succeeded in rendering the images pro¬
duced by its lenses permanent ; and from a long
sériés of experiments devised the process of the
Daguexrotype. To Niepce, however, is due the
crédit of being the first to notice, and fully
establish the fact, that the action of light was
capable of rendering bitumen insoluble in its
ordinary solvents, and consequently that by
placing a drawing which had been varnished to
make it transparent over a plate covered with a
thin layer of bitumen, and exposing the whole to
the sun, the parts uncovered by the lines of the
drawing could be dissolved away by certain
solvents. It is interesting to remember that
these experiments conducted by Niepce have
laid the foundation of that method of producing
copies which is now known under the name of
Heliography or Collotype. A period now followed
in which many experiments conducted by
Wedgwood, Herschel, and others were earried
out on silver compounds, but they proved un-
successful, chiefly owing to the inabilifcy of the
experimenters to render the copies made with
the silver salts fixed or permanent. Some years
afterwards Herschell pointed out that sodium
hyposulphite might be used as a fixing agent,
and the employment of this substance is retained
at the présent day. By the association of
Niepce and Daguerre, experiments were earried
out in the direction of the employment of silverIRIS - LILLIAD - Université Lille 1
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iodide as the sensitive material, these experi-
ments resulting in the final perfeeting of the
Daguerrotype. In this process a silver plate is
treated with iodine, and exposed to the light in
the caméra. After exposure it is placed in a
properly-oonstructed box and developed by the
vapour of mercury. By perfeeting his process
Dagnerre was able to produce a moderately-
sensitive film, and many of the portraits done
by the Daguerrotype process still exist in a
remarkably perfect condition.

About the same time Fox Talbot introduced
the process originally called by his name, the
Talbotype, in which iodised paper treated with
a silver sait was employed. This paper was
much more sensitive than the materials employed
before, and the exposure necessary was much
shortened by development of the image with
gallic acid. These pictures were originally
termed ' négatives ' by Talbot, as the lights and
shadows were reversed ; so to produce a positive
from these a second sheet of sensitive paper was
exposed under the négative. We have thus in
the works of Talbot the basis of the more

modernprocesses, andthenames of ' positive ' and
' négative ' introduced by him are retained at the
présent time.

Although minor inventions and improve-
ments succeededthe introductionofthe Talbotype,
they were entirely overshadowed by the intro¬
duction of the ' wet collodion process ' by Scott
Archer in 1851, which reduced the exposure
necessary to a much shorter time, and presented
many other advantages which the earlier pro¬
cesses did not possess. As a description in
détail of the manipulations necessary in carrying
out this process is given, it will suffice here
rnerely to say that the process differed from the
Talbotype in employing glass as a substratum
for the sensitive material, and coating this with
collodion containing the soluble halogen salts
which, coming in contact with a solution of
silver nitrate in a bath, formed by double de-
composition the sensitive compound on the
film. This sensitive plate, being transferred to
the caméra, was exposed to the light, and the
invisible image so produeed was developed in
the dark room in a manner afterwards to be
described.

For a long time the wet collodion process
held its own ; but gradually the advantages to be
obtained from a plate sensitised in some way
which would enable it to keep without détériora¬
tion for some length of time began to make
themselves felt, and the processes for obtaining
such plates either with a collodion or gelatine
emulsion have supplanted to a great extent the
wet plate process. At first the dry plates in use
consisted of those prepared in the silver bath,
which, after being sensitised and washed, were
dipped in some preservative material capable of
retaining the sensitiveness of the film for con¬
sidérable periods. These, however, rapidly gave
place to the process now in use, where the sensi¬
tive salts are mixed with warm solutions of
gelatine and spread upon the glass plates.
When dry the plates are ready for use, or they
may be stored, and will apparently keep in a
perfect condition for a long period of time.
These modem plates differ from the older form
of wet plate in being from 10 to 100 times more

sensitive, and have thus rendered possible the
photography of moving objects and of those
which are only dimly lighted.

In 1871, Dr. R. L. Maddox produeed some
successful photographs with gelatine emulsion,
and a little later they were commercially pre¬
pared and introduced for sale by Mr. R. Kennett
and Mr. Burgess. A still more sensitive emul-
sion was devised by Mr. Bennett about 1878,
which was produeed by prolonged digestion of
the prepared mixture at 32°C., and finally the
discovery that the finished emulsion could be
rendered still more rapid by boiling for a short
time, or in certain cases by the employment of
ammonia in its formation,, has given us the
numerous and rapid plates which are now to be
procured.

Apparatus employed.—For a full description
of the various forms of apparatus employed in
photographie work, the reader must consult the
text-books, it being impossible in the spaee of
this article to go fully into such matters. There
are, however, two important pièces of apparatus—
the lens, and the caméra—about which a short
description may be given.

The lenses in général use for photographie
purposes may for convenience be grouped in tbe
following classes : (a) single lenses ; (i>) rapid
rectilinear ; (c) wide angle rectilinear ; and (d)
portrait lenses. In ail cases, although the first
have been termed 1 single lenses,' it must be
understood that photographie lenses are com-
binations of two or more simple lenses, and the
term 1 single lens ' here refers to the fact that only
one combination is used, instead of two or more,
as in the other or more perfect lenses.

The single lens consists generally of a com¬
bination of two converging meniscus lenses
separated by a diverging meniscus, arranged as
a combination in the tube of the lens at the
end nearest the caméra ; the convex side of the
combination being towards the plate. This is

a lens with which it is best to begin photo¬
graphie work, and in many respects is a most
useful lens. It is fairly rapid with a moderately
wide angle, and gives good définition. It is not,
however, applicable for the photography of large
buildings near at hand, as the marginal rays
suffer distortion.

A rectilinear or symmetrical lens consists of
two combinations, arranged at the ends of the
brass tube, front and back. These combinations
are the same in both cases, consisting of a
converging meniscus lens cemented to a diver-
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ging meniscus, the latter occupying the outside
positions in the tube. This is a useful lens,

203

Fig. 2.—Rapid Rectilinear Lens.

giving practically no distortion and çossessing a
fairly wide angle.

Asymmetrical but wide angle lens is con¬
structed much in the same way, and has two
combinations formed of meniscus lenses but of
much deeper curvature than those employed in
other combinations, and placed doser together
in the lens tube. Such lenses take in a very

\ n—f

■il

Fig. 3.—Wide-angle Rectilineab Lens.

wide angle and are specially suited for photo-
graphing buildings and portions of landscape in
ciamped situations. They are somewhat slower
than other combinations, but give no appréciable
distortion.

The lens for portraiture is constructed to get
the greatest amount of rapidity, but although
possessing that advantage it has some defects.
It consists of a back and front combination
arranged at some little distance apart. The
front combination contains a double convex

and a piano-concave lens cemented together, the
double convex lens taking the position next the
object; the back combination consists of a
double convex and a diverging meniscus lens,
which are frequently mounted so as to leave a
Email spaoe between the two lenses. The double
convex lens is placed in the tube in the position
next the caméra.

With the dry plates now obtainable great
rapidity can be got with this lens, but it has
little depth of focus, has pool' marginal définition,
and présents a rounded field. It is devised for
portraiture, and is well adapted for that purpose.

Fig. 4.—Poktrait Combination.

In some of the newer lenses constructed on this
principle great improvements have been made,
diminishing these disadvantages and rendering
the lenses useful as universal lenses capable of
adaptation to général work.

The Caméra.—This consists of a box, made
of wood, or, preferably, as in the modem
caméras, a framework of wood with a bellows-
expanding body of leather, so that when closed
the caméra may occupy little space and be com-
paratively light. In the front of the caméra is
placed the lens, and at the back a plate of
ground glass, on which the image of the object
to be photographed may be focussed, together
with an arrangement for lengthening or shorten-
ing the body of the caméra. The position of the
ground-glass screen is the same as that occupied
subsequently by the sensitive plate.

Accompanying the caméra are one or more
double-backed dark slides, arranged to carry two
dry plates each, back to back, with a blackened
slip of thin sheet iron between them and a
shutter arrangement, so as to expose the plate
when in the caméra. As many of these slides as
the operator wishes may be carried with each
caméra. In the case of work with wet plates it
is eustomary to use a dark slide holding only
one plate. The dark slides of larger caméras
may be fitted with light wooden carriers, which
allow of smaller plates being used in these
caméras. For the exposure of paper coated with
emulsion in the caméra other arrangements,
such as roller slides, are required, on which the
paper may be stretched. A description of these
will be found under the section deseribing paper
négatives and stripping films. The caméra
should be made of light and well-seasoned wood,
and the body of good leather. It should be
capable of opening out to a length two or three
times as much as the length of the largest plate
it carries. The corners may be brass-bound,
especially for caméras required in hot climates.
The front, in which the lens is screwed, should
be provided with a vertical and a horizontal
adjustment, so that the position of the lens in
these directions may be changed at will without
altering the position of the caméra ; and the
back of the instrument should have a certain
degree of swing, so that the angle between the
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sensitive plate and the axis of the lens may be
varied when required, The object of raising the
front with the lens is to get in high objeets and
to reduce the amount of foreground, whieh is
frequently too much when the caméra is placed
horizontally. The swing-back may he employed
with two objeets : firstly, in the photography of
tall buildings with vertical lines, whieh may be
kept moderately parallel by raising the lens
slightly, tipping the caméra, and swinging the
back so that the latter is again brought to the
vertical position. Its second use is in the case
when it is required to obtain the near foreground
in focus as well as the middle distance and that
beyond it. If the back of the caméra be swung
slightly away from the lens it is possible to ob¬
tain a considérable improvement in the focussing
o£ the nearer objeets without destroying that of
those more in the distance. In certain cases

caméras are fitted with a side swing, whieh is
used for exactly the same purpose as the vertical
swing, only that it is applied to cases where one
side of the object is nearer the caméra than the
other.

To obviate the necessity of dark backs caméras
liave been designed in whieh a separate slide for
the plates is dispensed with, and its place taken
by a multiplex back, containing about eight or
moreplates, whieh, by a mechanical arrangement,
can be alternately exposed to the light. This mul¬
tiplex haek contains loose wooden frames fur-
nished with light métal screens, and buttons for
fastening the gelatine plates in front of the
screens. The frames are arranged in two se¬
parate tiers, one above the other, one of the tiers
containing a fewer number of screens than the
other. By turning over the box a frame at once
drops down into the vacant space in front of the
lower tier, and is ready for exposure to the lens.
If this is done, each plate in succession can be
brought into position for exposure. The box is
provided with a window of red glass, so that the
number of the screen in position can be readily
seen from the outside. Other more modem
caméras of a similar nature have been reeently
introduced.

The support for the caméra should be as strong
and steady as possible consistent with lightness.
For out-door work the caméra stand is generally
made to fold up, so as to make it more portable,
and in most cases the legs of the stand have a
sliding adjustment, whieh is a matter of some
importance when working on unequal ground.
The most important requirement of a stand is
perfect rigidity when fixed, so that no vibration
may be eommunicated to the caméra during ex¬
posure.

Action of light on silver compounds. — Al-
though many chemical substances undergo
change under the influence of light, the halogen
compounds of silver are those generally em¬
ployed in photography, and they may be con-
veniently taken to illustrate sueh changes, as
well as those taking place in'the further pro¬
cesses of development and intensification.

"With regard to the formation of the latent
image, it is right at the outset to say that we
have no absolutely definite knowledge of the
composition of that image. It is generally ae-
cepted, however, that the change, so far as the
halogen silver salts are concerned, is the con¬

version of these into sub-salts, as may be skown
by silver brornide, 2AgBr = Ag._Br+Br, this
change being common to the three halogen salts.
Becent experiments of Carey Lea have, however,
shown that the change is probably of a much
more complicated kind. Whatever the exact
nature of the change may be, there is quite
sufficient evidence to show that it will not take
plaça with any facility unless some agent is
présent whieh will absorb the halogen as it is
liberated during the change. Such agents areto
be found in certain metallic salts and in organic
substances. In the wet collodion process the
presence of excess of silver nitrate on the sur¬
face of the sensitive plate acts as such an ab¬
sorbent. To trace the extent to whieh such
silver compounds, either alone or when mixed,
are sensitive to the action of light, the examina-
tion must be made by photographing the solar
spectrum. This lias been extensively done by
Abney, Vogel, and many others, and the follow-
ing général conclusions may be drawn from the
experiments :—

The action of the light is différent for each
of the halogen salts of silver, either alone or
whèn mixed.

It differs also according to the material with
whieh the sensitive compound may be mixed or
on whieh it may be spread, whether at the time
of exposure to light the material be in a moist or
in a dry condition and, finally, the différent
quantifies in whieh the sensitive compounds
may be mixed together.

Chemical action in development of the
image.—As the action of light would have to be
immensely prolonged to produce a visible image
on the sensitive film, reagents are employed
whieh, exercising a reducing action on the silver
salts, carry on and render visible the action be-
gun by the light. Sueh agents are termed
developers, and the actions whieh they perform
may be described under two headings : (1) acid
development, and (2) alkaline development.

The action in the first case is that whieh takes
place in the development of wet collodion plates,
and may be illustrated by the action of fer-
rous sulphate on silver nitrate, 6AgNO3 + 6FeS0,
= 2 {Fe2(S04)3} + Fe2(N03)s + 3Ag2, in whieh it is
assumed that the silver so deposited adds itself
to the silver sait already changed by the action
of the light, and decomposed by the developer,
thus :

2Ag.Br + 3FeS04 = Fe2(SO,)3 + FeBr2 + 4Ag.
The developed image, therefore, is essentially
on the surface of the film, beeause the silver
sait is on top of the film. If the ferrons sait
and silver nitrate be brought together alone
too rapid réduction may take place. It is cus-
tomary, therefore, to employ certain substances
whieh act as restrainers during the décomposition.
These are to he found in acids, either minerai or
organic, and in certain other organic com¬
pounds.

Besides iron salts, pyrogallic acid is em¬
ployed, both in the wet-collodion and in the dry-
plate processes, the action here, as in the first
case, being one of réduction of the silver sait in
the presence of some halogen absorbent. In al¬
kaline development the reducing or developing
action takes place generally on silver sub-
bromide first, produced by the action of light on
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the bromide, the bromine, which has been set
fiee, being absorbed by the organic substratum.
In this development the change is generally pro-
duced by pyrogallic acid, rendered alkaline by
ammonia or some other alkaline substance, the
acid alone being unable to effect the réduction
of the sub-bromide to metallic silver. In the
presence of an alkali, however, it becomes a
rapid absorbent of oxygen, or of an équivalent of
chlorine, bromine or iodine.

As there seems reason to believe tkat freshly-
deposited silver converts nnaltered silver bromide
into the sub-bromide, and as this sub-bromide,
on being attacked by the developer, would at
once give a deposit extending over the plate
tartber than the area of the action of the light,
it is necessary to have with the developer some
substance capable of acting as a restrainer on
the secondary décomposition. Generally, soluble
bromides are employed for this purpose, and it is
possible that they form a double sait with the
silver bromide, which is less easily attacked by
the nasoent silver, so obviating a deposit except
when the light has begun the action.

Development may also be earried out with
organic salts of iron, of which the most import¬
ant is ferrous oxalate. In this we have the
conversion into ferrie oxalate during the process :
2Ag,J3r + 3(FeC,0,) = Pe2(C20()3 + FeBr, + 4Ag, a
change comparable with that of the ferrous sul-
phate already spoken about.

It must be understood that our présent know-
ledge of the action of light and of developers on
silver salts is not complété enough to enable
équations to be written exactly expressing the
changes which oceur.

Chemistry of intensification anclfixing.—In
the process of intensification we have virtually a
strengthening of the developed image, which
may be brought about in two ways : either by
causing a further déposition of silver, or a
déposition of some other substance on the silver
already deposited during development.

For the first case the change is analogous to
that of development; as an instance of the
second the following may be taken :

Ag2 + 2HgCl2 = Hg2Cl2 + 2AgCl, and
HgA+2NH.OH = NHjHgoCl + RH,C1 + 2H..O,

when in the first place the silver deposited on
the plate, on treatment with mercuric chloride,
yields mercurous and silver ehlorides. On appli¬
cation of ammonia solution to this, after washing,
we have the image darkened by the formation of
black dimercurous-ammonium chloride.

Other intensifying agents are employed, of
which the following are the most important :—
Mercurous chloride, after washing with sodium
sulphite,

Hg,Cl2 + Na.,SO? + H.,0 = 2Hg + Na2S04 + 2HC1.
Mercurous chloride with ferrous oxalate,

Hg.,Cl2 + 2AgCl + 4FeC204 + 2K.,C.,04
= 2Hg + Ag2 + 2Fe2(0204)s + 4KC1.

Potassio-silver cyanide on mercurous chloride,
Hg,Cl..+ 2AgK(CN)2 = Ag2+2Hg(CN)„ + 2KC1.

The ferricyanides of lead or uraniura on the
silver image, 2Ag„ + 2Pb3Fe.,(CN),„

= Ag4Fe(CN)6 + 3Pb2Fe(CN)c.
The substances formed in this case, being white,
are, after washing, treated with an alkaline sul-
phide to convert them into the dark sulphides.
The ferrocyanide of uranium, possessing a dark

brown colour, renders the picture sufficiently
dense without further treatment.

Fixing the négative.—This is generally done
with sodium hyposulphite (thiosulphate) or
potassium cyanide. The action of these sub¬
stances dépends upon the formation of double
salts of silver with the alkali metals, which are
soluble in water, and which can be washed away
from the négative. In the case of fixing by
sodium hyposulphite, it is necessary that the
solution should be eoncentrated, otherwise an
insoluble double sait may be produced. The
action in each case may be represented by the
following équations :

AgBr + 2KCy = AgKCy2 + KBr
2AgBr + 3Na2S203 = Ag2Na4(S203)3 + 2NaBr.
Beducing négatives.—It often happens that

a négative may become too dense during the
process of development, and it is then necessary
to reduce its density. This may be done either
by mechanical or chemical means, the iatter
being préférable. In the application of chemical
means two actions may take place, (1) the image
may be converted into one of another or less
dense colour, or (2) the excess of silver deposit
may be removed ; this is by far the best course,
and is done by transforming the silver into the
chloride or bromide of silver, and removing that
by solution. Many substances effect this change,
sucli as cupric and ferrie ehlorides, bleaching
powdet solutions, sodium and potassium hypo-
chlorites. The silver reduces these salts, be-
coming itself converted into chloride, which may
be removed by again fixing.

With copper and ferrie ehlorides we have
Ag2 + 2CuC12 = 2AgCl + Cu..CU
Ag2 + 2FeCl.j = 2AgCl + 2FeCl2.

These methods have the disadvantage of not
showing the full diminution in density till the
whole of the AgCl has been removed by the
fixing agent. To allow of the final reducing
action being seen during the opération, a process
has been introduced by which potassio-ferric
oxalate is simultaneously used with the sodium
hyposulphite

Ag2+Fe2(C204)3 = Ag.,C,04 + 2(FeC,04)
Ag2C.,04 + 3(Na2S20„) = Ag2Na4(S.,03)3 + Na2C204

(Eder). Potassium ferrieyanide may also be
employed with sodium hyposulphite

2Ag2 + 2K6Fe2(CN)12 = Ag4Fe(CN)6 + K4Fe(CN)6.
Ag4Fe(CN)8+6Na2S203

= 2{Ag2Nai(S203)3} +Na4Fe(CN)6.
Preparing and edging plates.—To préparé

glass plates for coating—either with collodion in
the wet-plate process, or for the more modem
processes with emulsions—it is necessary, if
they have been used before, that ail the old film
should be removed ; and whether they have
been nsed or not, to polish them so as to receive
the fresh coating. The old films may be re¬
moved by soaking the plates for twenty-four
hours in solutions of hydrochloric or nitrie
acids containing 1 part of the acid to 20 parts
of water. After this time the film can be easily
removed by brushing with a nail brush and
warm water. After removal of the film the
plate should then receive a polish, so that the
coating may flow easily over the surface. This is
best done with ordinary whiting and water
made up to a creamy consistency, or, what has
proved very effectuai in the writer's experience,
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rouge made ujr to the same eonsistency with
alcohol, and a few drojjs of ammonia added to
it to dissolve grease stains. The plate liaving
been laid down on a pad of thick flannel, a little
of the fluid containing the rouge is poured on
the plate, which is then gently rubbed with a
small pad of flannel. The alcohol gradually
evaporating leaves the plate covered with a thin
film of dry rouge, which is best removed by
gently polishing with a pad of tissue paper, the
final polish to the plate being given with a
second pad. If whiting and water are used,
the powder, when dry, must be removed with a
slightly-damped cloth, and, however perfect the

a and 6 must be filtered before use through
a light plug of cotton-wool. The albumen in b
may be dissolved in water at a température not
exceeding 49°C. In a, b, and c the plates may be
immersed entirely in the solution, and then
placed on the rack to dry. In d and e the solu¬
tion should be poured on as described for coating
with collodion, or an edging of about a quarter
of an inch may be given with a brush. It is
advisable to edge both sides of the plate, as this
facilitâtes work afterwards in the dark room.

The Collodiox Process.
The development of the more rapid modem

prouesses of photography may be said to date
from the introduction of this process by Scott
Archer in 1851. The process dépends upon the
coating of glass plates with a stratum of soluble
pyroxyline or collodion, impregnated with soluble
iodides or bromides, which form the sensitive
silver compound when plaeed in a solution of
silver nitrate.

The soluble pyroxyline or collodion cotton
C]aH2106(H0)(N03)s is formed by the action of a
mixture of nitric and sulphuric acids with a
little water (HN03 with H„S04 and 1|H.,0), or
of a mixture of potassium nitrate with sulphuric
aeid upon cotton. It difiers from cotton in being
soluble in a mixture of alcohol and ether, yield-
ing a viscous fluid, which on evaporation leaves
the pellicle or film of collodion.

To préparé the soluble cotton for collodion,
3 measured ounces of nitric acid (sp.gr. 1-429)
are mixed with 2 ounces of water in a pint
beaker. Nine measured ounces of strong sul¬
phuric acid (sp.gr. 1-839) are then added to this
mixture with constant stirring, and the mixture
allowed to cool to 60°C. 100 grains of dry
cotton, in tufts of about 10 grains each, are im¬
mersed in the mixture of acids and allowed to
remain from five to ten minutes.in a covered
beaker. The acid is then poured off, the cotton
squeezed with a glass-rod, washed in a stream of
water till ail acid has disappeared, and finally
dried by exposure to the air. Before drying, the
cotton may be washed with a little weak solution

cloth may be, it is apt to leave slireds on the
surface of the plate, which may be obviated by
using the tissue paper.

When cleaned, it is customary to give the
plate an edging or substratum of some matériel
which will assist the collodion or the emulsion
to stick more firmly to the plate during the sub¬
séquent processes of washing, &c. In the case
of dry plates it is not always absolutely neces-
sary to employ an edging, but it is sometimes
advisable, and is almost imperative with col¬
lodion films. Many substances are employed,
but the following solutions will be found suffi-
cient for substrata :—

of sodium carbonate to ensure the total re-

moval of the acid.
The cotton employed must be entirely

cleansed of ail resinous matter adhering to it,
and for this purpose it should be well boiled
in sodium carbonate, then thoroughly washed,
and finally well dried before immersion in the
mixed acids.

For larger quantifies of pyroxyline the fol¬
lowing amounts of the différent acids may be
taken :

a l

Sulphuric acid, sp.gr. 1-845 18 ozs. fl. 18 ozs.fl.
Nitric acid, sp. gr. 1-457 . 6 „ 6| „

Water . . . . 4J „ 4j „

The nitric acid is first added to the water,
and lastly the sulphuric acid, the mixture being
well stirred and allowed to cool. These quantifies
of acid will convert about 360 grains of cotton.

For the manufacture of pyroxyline by the
second method with potassium nitrate, the fol¬
lowing quantifies will be found useful :

Sulphuric acid . . .6 ozs. fl.
Dried potassium nitrate . . 3| ozs. (av.)
Water 1 oz. fl.

The acid and water must first be mixed to-
gether, and the dried potassium nitrate then
added gradually when in a finely-crushed con¬
dition. On stirring, a transparent viscous liquid
is obtained, which must be kept at a température
of 52°G. Into this about 60 grains of dried
cotton are then dipped in the manner previously
described, and allowed to remain in the mixture
for ten minutes.

In both processes the pyroxyline when dry
should break up easily, tearing readily in the
hand.

To form collodion from pyroxyline, it is dis¬
solved in a mixture of alcohol and ether, which
for ordinary work may be taken in the following
quantifies :

al

Pyroxyline . . 55 to 65 grs. 55 to 65 grs.
Alcohol (-820) . 4.1 ozs. 5 ozs.
Ether (-725) . 5£ ozs. 5 ozs.

— Cl b c d e

Albumen .... Wliite of 1 egg Dried 50 grs.
Gélatine .... — — 75 grs. — —

Ammonia .... 5 mm. 5 mm. 2 drs. — —

India-rubber — — — 5 grs. 5 grs.
Chloroform — — — 5 ozs. —

Benzole (rectified) — —
—

— 5 ozs.

Water .... C0 ozs. 50 ozs. 00 ozs. — —
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a may be taken for work in winter ; b for
work in summer.

When plain collodion has been prepared it
is then necessary that it should be iodised so as
to form tlie sensitive silver sait wlien plaeed in the
eilver bath. The iodides and bromides in général
ose are those of the metals zinc, cadmium,
potassium, and ammonium, the two last being
those most frequently employed. The following
numbers give in a tabular form the quantifies
of the différent salts whieh may be employed for
iodising 1 oz. of plain collodion : —

a b c d

Plain collodion 1 oz. 1 OZ. 1 oz. 1 oz.

Cadmium iodide .
— 2^ grs. é 8r- —

Cadmium bromide . 2 grs. 2 grs. — It grs.
Ammonium iodide 3lgrs. 1§ grs. 3 grs. 4 grs.
Ammonium bromide — — 1§ grs. —

a should be mixed some weeks before use,
and is suitable for landscapes ; b may be used
for portraiture ; c forms a good collodion for
général use, and may be used a day or two after
mixing; d is a good ordinary collodion. If
simply an iodised collodion is required, then
4 grains of ammonium iodide, or 5 grains of
cadmium iodide, may be added to the ounce of
plain collodion ; the first is used immediately
after iodising, the second requires keeping. Al-
though it is customary to dissolve the pyroxyl-
ine and the soluble iodides and bromides sepa-
rately in the alcohol and ether, this is not
absolutely necessary, and the collodion may be
formed equally well by dissolving the iodides
and bromides in the liquid in which the
pjroxyline has already been dissolved.

For making larger quantities of collodion
the following quantities will be found useful :—

— a b c

Pjroxyline 120 grs. 120 grs. 100 grs.
Ether (-725) .

10 ozs. 10 ozs. 10 ozs.

Alcohol ('805) 8 ozs. 10 ozs. 10 ozs.

Ammonium iodide. 12 grs. 40 grs.
Ammonium bromide 20 grs.
Cadmium iodide . 20 grs. 40 grs. 50 grs.
Cadmium bromide. 20 grs.

a is for négatives ; 6 for négatives ; and c
for positives and ferrotypes.

The sensitising bath.—The silver sait em¬
ployed in the manufacture of this bath is in-
variably silver nitrate, and the strengtli for the
ordinary silver bath is from 35 to 40 grains of
silver nitrate to the ounce of water ; in certain
cases, however, the strength may rise to 50
grains to the ounce, but this is too great for
ordinary purposes. About Jth grain of potassium
iodide should be added for every 40 grains of
silver nitrate ; or the bath may be allowed to
become saturated with iodide of silver during
the subséquent working.

To make the bath, from a quarter to lialf
the quantity of water to be employed is taken,
and in it the silver nitrate is dissolved; to
this solution is added the quantity of soluble
iodide, which will cause a precipitate of silver
iodide gradually dissolving on shaking. Next
add the remainder of the water, allow to stand,
and then filter. After préparation the bath
should be slightly acid, and for this a drop or
two of nitric or acetic acid may be added, pre-
ferably the former. Should the bath be too
acid after making, a little sodium carbonate may
be added. The following are convenient quan¬
tities for the préparation of larger amounts of
bath solution :

For positives
For and

négatives ferrotypes
Silver nitrate (recrystallised) . B ozs. 5 ozs.
Distilled water . . .80 ozs. 80 ozs.

Nitric acid . . . .10 mm. 12 mm.

Saturate with an iodide as before described,
and filter.

Development of the latent image.—The che-
mistry of the action taking place in this process
having been indicated in an earlier portion of
the article, it is only necessary now to give some
of the formulas best adapted for the develop-
ment of the image. Those which follow relate
more particularly to the wet or collodion process,
and belong to the first division of the plieno-
mena connected with development—viz., to acid
development.

The following table gives the quantities
necessary for some useful iron developers for
wet plates :—

a b c d e / g

Ferrous sulphate 50 grs. 150 grs. 250 grs. 100 grs. — 100 grs. 100 grs.
Glacial acetic acid . 75-100mm. 100 mm. 100 mm. 100 mm. 125 mm. 90 mm. 50 mm.

Alcohol .... quant, suf. suf. suf. suf. suf. suf. suf.
Water .... 5 ozs. o ozs. 5 ozs. 5 ozs. 5 ozs. 5 ozs. 5 ozs.

Copper sulphate — — — 50 grs. — — —

Ammonio-ferrous sulphate — — — — 125 grs. —
—

Sugar .... — — — — — 50 grs. —

Gelatine .
— — — — — — 5 grs.

a may be used in moderate light ; 6 when
great contrast exists in the lights and shades;
c where under-exposure is feared; d for land-
scape work. These developers are applicable to
négatives only. The following may be employed
—a for positives and ferrotypes ; b for posi¬
tives ;

Ferrous sulphate
Barium nitrate
Pyrogallic acid
Acetic acid
Alcohol .

Nitric acid
Water

180 grs.
120 grs.

i oz.
10 mm.

5 ozs.

5 grs.
100 mm.

sufficient

5 ozs.
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In wet-plate work the development, as a rule,
is carried out by pouring a sufficient quantity of
the fluid over the plate. The plate being held
as described for ooating with collodion, the
liuid is run gently and steadily over it, care
being taken not to pour the developer always on
one spot. The liquid is then allowed to flow
backwards and forwards over the plate with a
roeking motion, whilst the image gradually ap-
pears.

When sufScient détail has made its appear-
anee, the excess of developer is washed ofi by a
stream of water.

With new baths little alcohol is required in
the developer, but more must be added when the
bath has been some time in use to make the
liquid flow freely over the plate.

Intensification of wet plates.—When the
density of the négative is not sufficient for
printing purposes, it may be strengthened by
pouring over the plate a sufficient quantity of
either of the following solutions :

Pyrogallio aeid.
Ci^ric acid
Ferrous sulphate
Water

10 grs. —
20 grs. 50 grs.

— 25 grs.
5 ozs. 5 ozs.

After the plate has been thoroughly mois-
tened with the solution, the latter should be
poured back into the developing-glass and a few
drops of a 10-grain solution of silver nitrate
added to it. On re-flooding the plate with the
mixture, the image will gradually gain in den¬
sity. Other substances may be employed as
intensifiera, some of which will be mentioned in
connection with dry plates, but for a full de¬
scription of the various formules text-books on
photography must be consulted.

Fixing.—To remove the unaeted-upon silver
sait, either sodium hyposulphite (thiosulphate)
or potassium cyanide may be employed ; the
solution being contained in a flat dish, or in an
upright bath provided with a dipper. The
following quantifies are those generally em¬
ployed :

Sodium hyposulphite
Water .

Potassium cyanide .

Water .

4 ozs.

20 ozs.

b

120 grs.
5 ozs.

a is preferred for négatives, 6 for positives.
Great care is required in the employment of
the latter sait on account of its very poisonous
character.

Varnishes.—For the protection of the collo¬
dion film it should be covered with a coating of
vamish as clear and as hard as possible, to pre-
vent damage during the opération of printing.
These varnishes are resins dissolved in such
solvents as alcohol, benzole, or chloroform.
The composition of some of these is kept
secret, but the quantities given in the next
column yield good material for ordinary work.

a and c are suitable for négatives, c being
very hard and durable, b may be rubbed off for
retouching the négative, and should not be used
when great permanency is required. For further
détails with regard to photographie varnishes v.
Vàknish.

— a b C d

Shellae . 300 gr. ,

Sandarac 300 gr. 384 gr. — 430 gr.
Mastic . 120 gr. — —

White hard varnish — — 3 oz. _

Camphor 5 gr. — — —

Oil of lavender 5 dr. — 1 dr.
Chloroform . 1 dr. — —

Oil of turpentine . 1 dr. — — 3 dr.
Yenice turpentine . 1 dr. — — —

Alcohol . 10 oz. 5 oz. 5 oz. 5 oz.

Dry Plate Processes.

Golloclion emulsion.—Next to the wet plat»
process just described we corne to the mois
modem or emulsion processes, which may cou-
veniently be divided into those containing col¬
lodion and those containing gelatine as the
thickening material in the emulsion. Those
formed with gelatine are now the most impor¬
tant, but, the others being useful for certain
purposes, we will briefly describe the produc¬
tion of a collodion emulsion before ;
to that in which gelatine is employed.

The plates having been prepared and edged
as previously described in the wet-plate process,
they may be coated with an emulsion prepared
in the following manner. The plain collodion
may be made by dissolving 200 grains of ordiniry
pyroxyline in 5 ounces of alcohol (sp.gr. '820)
mixed with 10 ounces of ether (sp.gr. -730). To
make, say, 1 pint of emulsion from this, after
the final treatment of emulsifieation, drying,
washing, and re-emulsifying has been gone
through, we may take 7J ounces, or the halfof
the collodion prepared. 200 grains of zinc brom-
ide are next weighed out in two portions of 100
grains each, one of these portions being dissolved
in the smallest quantity of alcohol, 4 or 5 drops
of nitric acid added to it, and then poured into
the collodion. The second 100 grains are dis¬
solved in a boiling tube in alcohol, 10 drops of
nitric acid added, and kept ready for use. Next
330 grains of silver nitrate are weighed out and
dissolved in about 5 to 6 dr. of water, and 10
drops of nitric acid added to the solution. To
this solution 1| ounces of .warm alcohol are then
added, and the two liquids thoroughly mixed.
The collodion containing the zinc bromide is now
placed in a vessel convenient for mixing, and
the solution of silver nitrate gradually added,
with constant stirring, till about one half to three
quarters of the silver solution has been poured
in. The whole of the bromide solution is now

added in exactly the same way as described,
and then the remainder of the silver solution.
Should any of the silver solution crystalliseonthe
sides of the boiling-tube it may be dissolved in a
little water and about half an ounee of alcohol,
and added to the emulsion with constant stirring.

: The emulsion so prepared, when examined by a
candie or gas flame, should appear of a deep
orange tint by the light transmitted through a

» thin film.
Manufacture of gelatine emulsions.—Of these

emulsions several are before the public, differing
from each other in their condition of rapidity.
To save space, a table is given further on, con-
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taining the quantifies employed in certain stan¬
dard formulœ, and therefore short instructions
only are now given for the préparation of a
gélatine emulsion which may be taken as gene-
rally applicable to ail.

It is necessary that ail the opérations of
making the emulsion—heating to obtain the
vequived rapidity, and finally washing the emul¬
sion when formed—should be carried out in the
dark room or in red light. For most cases
light passing through ruby glass is sufficient,
but in the manufacture of extra rapid emulsions
more précaution with regard to light is neces¬
sary. As during the process of manufacture the
emulsion must be kept at a certain température,
glass vessels are necessary for dissolving and
mixing the constituents, and a small pan or
dish is required for keeping these vessels at the
required température by hot water. The
enamelled dishes used for developing platinum
prints will answer the purpose very well, and
can be heated by an Argand burner, or, failing
gas, with a spirit lamp.

The substances required for a simple emulsion
are silver nitrate, potassium bromide, and auto¬
type, or hard gelatine. Convenient quantities
for a small amount of emulsion are ohtained by
taking 300 grains of the gelatine, eut up into
shreds by scissors. These are transferred to a
glass beaker, or, failing that, to an ordinary
jam pot, and covered with 5 ounces of water, in
which 185 grains of potassium bromide have
previously been dissolved. By a little manipula¬
tion witlï a glass rod the gelatine gradually
softens and swells. Whilst the gelatine is being
softened, 231 grains of silver nitrate are dis¬
solved in 5 ounces of water hy gentle heat in
the pan or water-bath, and when the solid is
thoroughly dissolved some strong solution of
ammonia (-880) is gradually added to the silver
solution, with constant stirring, till the precipi-
tate which first forms is dissolved. The two
vessels are now placed in the pan with water,
which is kept rigorously at a température never
rising above 35°C. till the gelatine becomes first
riscous, and then, with constant stirring, per-
fectly liquid. It is essential that the gelatine be
perfectly liquid before adding the silver sait.
Cp to this point the opérations may be carried
out in the ordinary light, but ail further work
must be doue in ruby light.

When the gelatine is thoroughly liquefied
the solution of silver nitrate is gradually added
little by little to the warm gelatinous mixture
with constant stirring. Many arrangements have
been devised from time to time for the proper
addition of the silver solution to the gelatine,
but it eau be done with ease by pouring the
solution in a thin stream from an ordinary
lipped beaker, or through a glass funnel with a
very small orifice. When the mixture is com¬
plété, wash out the rest of the silver solution
vemaining in the beaker with about an ounce of
wavm water, and add to the emulsion. The
emulsion must now be examined by spreading a
little on a glass plate and looking at it by trans-
mitted light, when it should appear of a violet
colour, apparently with a tendency to assume a
rose-pink tinge. The emulsion having been
allowed to remain in the hot water for from
half to three quarters of an hour to undergo a

Voi. III.—T

process of ripening, it is then poureu out into a
flat photographie dish, placed in a perfectly
dark box, and allowed to set. It should remain
thus for at least 24 hours, but will be still better
if allowed to remain two or three days. As the
emulsion when first prepared contains an excess
of silver sait, it must undergo the further and
most important process of washing, which may
be carried out in two very simple ways—of course,
in ruby light.

The gelatine pellicle, having been seraped off
from the dish by a bone or glass spatula, is
transferred to a square of coarse canvas, such
as is used for worsted work, thoroughly wetted to
soften it. The corners of the square are gathered
together and tied with string, thus inclosing the
pellicle in a rough bag. This bag, containing the
pellicle, is now placed in a vessel of water of
sufficient size, and thoroughly kneaded by
squeezing it against the sides of the vessel by
means of the spatula. The pellicle is thus
squeezed in threads through the canvas, and
falls to the bottom ôf the washing vessel. When
the whole of the emulsion has been thus treated,
the water is poured off and the pellicle again
covered with fresh water, allowed to stand for
about five minutes, and the water again poured
off, this opération being repeated some six or
eight times. It will be found advantageous
during the process of washing to tease up the
shreds of pellicle, which is best done by using
two glass rods. Where a tap and running
water can be obtained, the washing process will
be much faeilitated.

After perfect washing the pellicle is turned
out of the washing jaron to a porcelain strainer,
covered with a handkerchief, and the excess of
water drained away. It may then be swilled
with a wash of methylated alcohol, which facili¬
tâtes drying, and transferred by the porcelain
spatula or glass spoon to a suitable jar, covered
with a lid, till it is required for coating the
plates. Other methods of washing the pellicle
have been introduced, such as placing it on a
hair sieve after squeezing through canvas, and
then washing on the sieve in a stream of water
from the rose tap. It is possible that spreading
the emulsion on a sieve facilitâtes the subséquent
drying.

A second method for washing the emulsion
and removing the soluble salts is to preeipitate
it with alcohol. This is best done by pouring
warm methylated alcohol into the emulsion,
with constant stirring, when, on allowing the
mixture to cool, the emulsion is found pre-
cipitated at the bottom of the vessel. The
precipitated emulsion can then be washed
in a stream of water, and transferred to
a covered pot till required for coating the
plates.

The numbers just given will be found con¬
venient for a beginner making an emulsion for
the first time, and yield one of moderate rapidity.
The following table gives a selected sériés of
emulsions suitable for différent purposes. Nos.
I. and II. have been introduced by Mr. W. K.
Burton, and are of différent degrees of rapidity,
the first yielding a material suitable for land-
seapes, when no great rapidity is required ; the
second deals with an emulsion of greater sensi-
tiveness.
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Table of Gelatino-Bromide Emulsions.
— L IL HL IV. y. VI

J
Silver nitrate
Distilled water .

Ammonia (880) .

200 grains
3 ounces

200 grains
3 ounces

400 grains
7 ounces

( suffieient )J .to dis- 1

( solveppt. j

200 grains
3 ounces

330 grains
3 ounces

462 grains
10 ounces

( suffieient |j to dis-( solveppt. J

B

.Ammonium iodide
Ammonium bromide .

Potassium bromide .

Gelatine (Nelson'sl
No. 1) . .|

160 grains
40 grains

165 grains
30 grains

24 grains
280 grains

80 grains

120 grains

30 grains

200 grains

218 grains

370 grains
615 grains

Hydrochloric acid \
(1 p.c. sol.) . J

.Distilled water .

200 mins.

ounces 2^ ounces 5^ ounces 4 ounces 3 ounces 10 ounces

C Potassium iodide
Distilled water .

12 grains
^ ounce

6 grains
5 ounce

—

D
French gelatine.
Hard gelatine .

Water
300 grains
4 ounces

250 grains
3 ounces

—

200 grains
218 grains

3 ounces

E Methylated spirit
Salicylic acid .

—

— 2k ounces
25 grains — — -

In No. I. B and D are allowed to stand till per-
feotly soft and soaked. Ail the water is then
poured off D, and the gélatine squeezed. The
beakers or jam-pots eontaining A and B are now
placed in the pan with hot -water,- and the tem¬
pérature raised to about 70°C. A is then gradu-
ally added to B in small quantities at a time, witli
constant stirring or shaking between each addi¬
tion, and a thorough stirring at the end when
ail has been added. C is now added, and the
solutions again shaken. The pan of hot water
is now raised as rapidly as possible to the boiling-
point, and kept at that température for twenty
minutes. At the end of this time the gelatine
from D is added, the mixture thoroughly stirred,
and the pot with the emulsion then placed in
the dark box to set.

In No. II. the ehief point to be attended to is
that the various solutions should neither be too al-
kaline nor too aoid. The silver solution A should
be as nearly as possible neutral to test-paper, and
B only feebly acid. If B is strictly neutral it
may be made feebly aoid by a drop or two of
dilute hydrochloric acid. The excess of acidity
in A and B, should it exist, may be neutralised
by dilute ammonia. With these précautions the
détails of emulsitication are the same as for
No. I.

After setting, the processes of straining and
washing are the same- as already described.
The boiling process is complété when the emul¬
sion, viewed by transmitted light, ceases to show
a ruby colour, but assumes a blue-grey when in
thin layers.

As a rule the quantities of water given in the
instructions for making the emulsions are quite
suffieient ; but, if on again warming to filter the
emulsion before coating the plate, it is found
too thick, a small quantity of water may be
added and the emulsion thoroughly stirred.
Before coating the plate the washed emulsion
must be melted and filtered ; this latter is best
done by passing it through a sheet of fine cambric

lying in an ordinary glass fuunel, or iilteriiig it
through a plug of cotton or glass wool in tbe
narrow end of the funnel.

For full détails with regard to the manipula¬
tion necessary for coating the plates with emul¬
sion the text-books on photography must ke
consulted. The process may be earried ont in
two ways, and the coating should always be done
over a large flat dish, so that in the case oi anj
of the emulsion dropping off the plate it ma?
be recovered and remelted without détérioration.

The emulsion, melted and kept at a tempéra¬
ture of 43°C. or 110°F. in a lipped beaker or
small teapot, may be eonveniently poured on the
centre of the plate exactly as described for coat¬
ing a wet plate with collodion, exeept that more
than half the plate must be covered with emul¬
sion, and, instead of the liquid being drained ol
the plate, only a little of the excess of emulsion
is returned to the vessel. After this is done the
plate is gently roeked to make the coating spread
evenly, and then placed on a level slab of thick
glass to set. Instead of holding the plate with
the finger and thumb, it will be found préférable
to employ a pneumatio plate-holder.

For larger plates another method may be
used, and in this case the plate must be laid on
a very accurately-levelled stand or tripod. A
quantity of emulsion suffieient to cover nearly
half the plate is poured on the centre of it;
a glass rod about two inches longer than the
width of the plate is then grasped between the
fingers and thumbs of both hands, dipped into
the centre of the pool of emulsion across the
plate, and steadily moved first to one end and
then to the other of the plate. By a motion of
the finger and thumb the rod ean be raised a
slight distance from the plate, so as to alloiv the
emulsion to coat smoothly, and, by resting the
tips of the finger and thumb upon tbe levelled
slab, a guiding motion may be given to the rod.
With very large plates it is sometimes tbe custom
to spread the emulsion on the plate by laying
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tbe latter on a revolving table and pouring the
cmnlsion on the centre of the plate, the cen-
trifugal motion given by the révolution of the
table thus spreading the ernulsion from the
centre to the edges of the plate. In the larger
manufactories many other mechanical arrange¬
ments to facilitate rapid coating have been in-
troduced.

When the emulsion is thorouglily set on the
plates, they are removed from the level slab to a
snitable rack to undergo a thorougli drying pro-
cess. This is most conveniently done in a spe-
cially-constructed drying-box with a current of
air artiticially heated from the outside passing
tbrougk it. The artificial heating of the air is
mmecessary if the air-passages are sufficiently
large and properly arranged. There are many
varieties of drying-boxes in use, but perhaps the
most convenient form for plates of a moderate
size is one in which the air enters at the top of
the box and is drawn through this into an air
chamber at the bottom, thence passing up a
large tube or chiruney outside the box with a
gas-flame burning in it so as to produce the
required draught. This tube should be taller
thanthe box, and should be carried into a chim-
ney or into the open air. The plates are placed
on racks, drawings of which are given in many
of the text-books. The racks may then be
placed on cross-rods representing shelves, the
heights of which may be altered to suit the
différent sizès of the plates.

The plates will take from twelve to forty-eight
hours to dry, according to circumstances, and
may then be packed till required for use. Plates
may be packed either face to face with thin slips
or tissue paper between them, or preferably in
grooved light-tight boxes, which need not be
made of wood, but which may be constructed of
strong pasteboard and lined with the corrugated
material now employed for parcels sent by post.
If packed in liât boxes the plates must be packed
together in a thickness of opaque orange paper,
and then in two thicknesses of brown paper.
Not more than twelve plates should be placed in
one box, and it will be found convenient to divide
that number into three separate packets.

Ortlw - cliromatic photography. — On com-
paring the curves indicating the intensities of
the visual and the photographed spectrum, it will
be at once observed that very little relation exista
between them, the visual intensity being greatest
about the points D and C, and the photographie
intensity about the point G in the spectrum,
gradually diminishing to the points marked
F and E.

Tbe object of ortho-chromatic photography is
by the use o! certain dyes introduced into the
sensitive material to bring the visual and the
photographie intensity as much into harmony
as possible. This unison may be partially
brought about by the introduction into the
photographie film of substances such as eosin,
erythrosin, rose of Bengal, cyanin, &c.

Tbe most important work in the direction of
ortho-chromatic photography lias been carried
out by Becquerel, Eder, and Vogel on the con¬
tinent; Cary Lea in America, and by Abney,
IVatevhouse,and C. H. Bothamleyin this country.
The dyes may be employed in three ways, either
by incorporating them with the sensitive emul¬

sion in its préparation, dipping the sensitive
plate when prepared in the solution of the dye,
or coating the baek of the plate with a varnish
containing the spécifie dye to be used.

The amount of dye employed must be very
small, as the effect is entirely destroyed by large
quantities. When mixed with the emulsion it
is generally found best to employ about 15-20
milligrams for every 500 c.c. of emulsion ; but
when the sensitive plate is dipped in the dye a
solution of 1 part of dye in 20,00Q of water is
sufïicient.

The following curves, taken from Mr. Botham-
ley's excellent papers on this subject, show the
increased sensitiveness produced by some of
these dyes in the portion of the spectium lying
between A and E :—

N M L H G F B D CBA

I Visual intensity.

II.

ni.

Gelatino-bromide
undyed.

Ammoniacal
eosin.

IV.

V.

VI

Ammoniacal
erythrosin.

Ammoniacal
rose Bengal.

Ammoniacal
cyanin.

According to Mr. Bothamley's work, ammo¬
niacal erythrosin seems to give the greatest sen'-
sitiveness for the yellow, and ammoniacal cyanin
for the orange rays.

The chief use for plates so sensitised will be
found in the copying of pietures or distinct
patterns of différent colours, where as much
harmony as possible is required between the
visual and photographie effect, but they will
also prove usefui in harmonising the contrasts
which are sometimes to be found even in por¬
traiture.

In preparing such plates an emulsion should
be chosen containing little or no iodide. Having
been coated and the emulsion dried, the plate is
immersed for about two minutes in a solution
of ammonia 1 part, water 100 parts ; it is then
placed without washing in the solution of the
dye.

Dye (eosin, erythrosin, or
rose of Bengal) . . .1 part

Water .... 10,000 parts
Ammonia . . . 100 „

The solutions of the dyes insoluble in water
may be made with aleohol, and carefully diluted
to the proper amount. The method adopted by
Mr. Ives, of Philadelphia, is very simple and
efficacious. He soaks the plate for one minute
in a solution of 1 grain erythrosin or cyanin,
then allows to dry. When dry he washes with

v 2
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water and again dries ; the plate is then ready
for use.

These plates are extremely sensitive, and
must be developed in dull ruby light.

Development oe Dut Plates.

The development of dry plates produced
either by collodion or gelatine emulsion is car-
ried out either by an iron-salt—such as ferrous
oxalate or ferrous citro-oxalate—or by what is
termed ' alkaline development,' in which pyro-
gallic aeid is the redueing agent, associated with
the bromides of potassium or ammonium as
retarders, and with ammonia, or the carbonates
of potassium or sodium, as accelerators of the
redueing action.

Development with ferrous oxalate.—This
method is the simplest for ordinary dry plates,
and may be employed for négatives on paper,
and for enlargements on gelatino-bromide paper,
but it does not permit correction of inaccurate
exposure to such an extent as the pyro-de-

veloper. The ferrous oxalate developer may be
prepared by adding 1 volume of a saturated
ferrous sulphate solution to 4 volumes of a
saturated solution of potassium oxalate. Such
solutions are obtained by dissolving 4 ounces ol
neutral potassium oxalate and 6 ounces ferrous
sulphate separately, each in 10 ounces of water.
A solution of potassium bromide, containing
20 grs. bromide to theounce of water, shonldalso
be made ; of this, about 4 drops should be taken
for every 21 ounces of developer. The ferrous
oxalate developer is applicable, not only to plates
made with a gelatino-bromide emulsion, but
may also be employed in the development of
transparencies or positives made with a gelatino-
chloride emulsion. It is, however, generally
found better for this last-named emulsion to
employ a ferrous-citro-oxalate, or ferrous citrate
developer, with which, by varyingthe amountof
the accelerator, graduated tones may be given to
the transparency. The quantifies given in the
following table may be regarded as good standard
quantifies to be selected from :—

For Transparencies.
— a b c d e

/Potassium citrate
„ oxalate

200 grs.
60 grs. — — — 60 grs.

,, bromide è gr- £gr- — — —

Sodium chloride . igr. 2 grs. —

I.-! Ammonium carbonate. 88 grs. 60 grs. _

„ chloride .
— grs.

Magnésium carbonate .
— — 76 grs.

Citric acid . 120 grs. 180 grs. 120 grs. —

\Water.... 1 oz. 1 oz. 1 oz. 1 oz. loz.
/Ferrous sulphate. 80 grs. — — 140 grs. 15 grs.
Sulphuric acid 1 mm. same as for (d) same as for (d) 1 mm. —

II.. Citric aeid .
— — — — 71 grs.

Alum .... — gives warm tones gives warmer tones — 7è grs.
Water .... 1 oz. — — 1 oz. loz.

To develop with the formulas given in a
and e, the solutions No. I. and II. are mixed in
equal volumes. In 6, c, and d, one part of No. II.
is poured into three parts of No. I. To produce
black tones in the transparency, the exposure
should be short, and a, or even the ordinary
ferrous oxalate developer, may be used. For
warm tones a longer exposure is necessary, and
solutions 6, c, d, and e, may be employed. The
solutions when mixed may be used for several
plates in succession.

Development by ferrous oxalate or ferrous-
citro-oxalate is simpler than with alkaline pyro-
gallate, but greater attention must be paid.
to the exposure, as there is less power of
working up an under-exposed plate. This may
be done, however, to some extent by adding,
after development bas proceeded some way,
one or two minims of sodium hyposulphite
solution from the fixing bath to the oxalate
developer.

Alkaline development.—In this development
it is to be remembered that the pyrogallic acid
givesdensity, that the soluble bromide is supposed
to act as a restrainer, and the ammonia or alkaline
carbonate as an accelerator. The pyrogallic
acid may be kept in the dry condition and added
to the developer when required, but it is custom-
ary to keep ail the substances as separate stock

solutions, three in number. The stock solutions
may be reduced to two in number, provided the
pyrogallic acid and the alkaline accelerator are
always kept separate, but in using two solutions
the operator has not so much control over the
retardation or accélération of the development
in cases of incorrect exposure. The amount of
pyrogallic acid generally employed varies from
between 1 grain to 5 grains per fluid ounce oi
developer, and full détails of the correct quan¬
tifies are almost universally given with the
différent makers' plates. The table at top of p.
213 gives some typical strengths of developers
for différent strengths of pyrogallic acid.

Developing solutions for gelatino-brmiii
plates.—The strengths of these solutions are
given in grains and minims per one ounce of the
developer, and are regulated for quantifies of
pyrogallic acid ranging from 1-5 grains.

The solutions should be . kept separate ; at
least, the pyrogallic acid should not be mised
with the alkaline carbonates or the ammonii
till required for use. II. may be termed the
restrainer, and III. the accelerator. Solution h
is particularly applicable to the development of
paper négatives and stripping films. The dif¬
férent solutions may be kept separately in strong,
or, as they are called, ' stock,' solutions, and
diluted when required for use.
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— a b c d € / g h

t | Pyrogallic acid .
l Sodium sulphite

1*08 grs.
4*32 grs.

1*26 grs.
5*04 grs.

1*5 grs. 2 grs. 2 grs. 3 grs. 3-4 grs.
17 grs.

4-5 grs.
27 grs.

tt j Potassium bromide .

1 Ammonium bromide. 1*08 grs. 1*26 gr. 1*5 grs. 2-4 grs. 2 grs.
0-33 gr.

— —

| Ammonia ....
I!L -j Potassium carbonate.

(Sodium carbonate

2*4 mm. 3 mm. 375 mm. l-G-4 mm. 4 mm. 2*5 mm.
8'6 grs.

19 grs.

The manipulation required in dry plate de¬
velopment is very simple, as the opération is
carried out in a disli. The plate, taken from
the dark slide, is laid in the developing dish or
tray face upwards, and if ferrous oxalate or
citrate be used the proper quantity may at once
be flowed over the plate, allovving the liquid to
nrn gently from one end of the plate to the other.
A gentle rocking motion may be given to the
dish during development, so as to charge the
liquid over the surface of the plate. The image
gradually appears, the high lights gaining den-
sity first. Complété development may be recog-
nised by a faint image appearing on the back of
the négative, or looking through the négative at
the red window or lamp, when the plate should
show a very complété déposition of silver on the
high lights. The knowledge of the exact extent
for correct development can only be obtained by
practice.

In the alkaline development it is sometimes
customary to flood the plate first with the pyro-
gallic acid and bromide, and whilst this is in
the dish to measure out the ammonia into the
developing cup. The pyro. and bromide, with
the quantity of water sufiicient to cover the
plate, are then poured into the eup, and after
mixing ivith the ammonia returned to the de¬
veloping dish. To commence development some-
vrhat less than the full quantity of ammonia
necessary should be used, and additional quan¬
tifies added from time to time. The ammonia
solution should never be added to the developer

when in the dish, but should be plaeed in the
eup and mixed with the developer in the manner
just described.

The darkening of the film when the alkaline
pyrogallic developer is used must not be allowed
to go on so lbng as with the ferrous oxalate de¬
veloper. In the former case the image is of a
slightly yellowtinge, and consequently of a more
non-actinie nature than that formed by the
oxalate. It is not absolutely necessary that the
pyro., bromide, and alkali should always be kept
in tkree separate solutions ; but this course is
generally adopted to facilitate the retardation of
the development when the plate is over-exposed,
or its accélération when under-exposed. If proper
exposure has been given the image will appear
in about one minute, and gradually gain in
strength. When ail the détails are visible, and
the development apparently stops, a few more
drops of tbe accelerator may be poured into the
developing cup, the developer mixed with it, and
again flowed over the plate. This fresh addition
of the alkali rapidlyproducesincreaseof density.
When the development is deemed complété, wash
thoroughly in a gentle stream of water from the
rose-tap and place in the fixing bath, unless it
be deemed necessary to soak the plate in the
alurn solution.

For the spécial development of dry plates for
transparencies, or slides to be used in the lan-
tern, the developers given in the following table
will be found useful, and will give différent tones
to the transparencies :—

— a b C d

Pyrogallic acid.... 20 grs. 20 grs. 20 grs. —

Potassium meta-bisulphite 60 grs. — — —

Ammonium bromide . 20 grs. — 30 grs. —

, i Ammonium sulphite. — 90 grs. 100 grs. —

Potassium bromide .
— 10 grs. — 4 grs.

Potassium oxalate — — — 2 ozs.

Hydrochloric acid — 20 mm. — —

Water (distilled) 10 ozs. 10 ozs. 10 oz. 10 ozs.

Liquor ammonite lj dnns. — 1J drms. —

Sodium carbonate — 220 grs. (J oz.) — —

n. Sodium sulphite — 220 grs. (J oz.) — —

Ferrous sulphate — — — 3 ozs.

Sulphuric acid — — — 6 mm.

*Water 10 ozs. 10 ozs. 10 ozs. 9 ozs.

Of <t, !) and c take equal parts just before
development of I. and II. Of d take G parts of
I. toi part of II.

Eecently two other substances have been
introduced as developing agents for dry plates,
bydroquinone C6H.,(OH)2 and eikonogen (v.
iiipra). Both these substances mixed with

the proper proportions of alkali, potassium
bromide, and sodium sulphite aet as reducing
agents, producing very elear négatives. In
using these developers, the bromide and alkali
may be employed as restrainer and accelerator
precisely as already described in the alkaline
development.
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The following quantifies of these substances will be found convenient for général use

— a b C d

Hydroquinone .... 40 grs. 40 grs. 40 grs. GO grs.
Sodium sulphite .... 40 grs. —

■

— 480 grs.

1.1
Potassium meta-bisulpliite .

— 20 grs. 30 grs. —

Potassium bromide 1— — 5 grs. 10 grs.
Citric acid ..... 5 grs. — 20 grs.
Water 10 ozs. 10 ozs. 10 ozs. 10 ozs.

Caustic potash .... 80 grs. — 100 grs. —

IL Sodium sulphite .... 80 grs. — — —

Potassium carbonate .
— 400 grs. — 600 grs.

Water 10 ozs. 10 ozs. 10 ozs. 10 ozs.

III. J Potassium bromide 12 grs. — — _

Water w oz. — — _

TV g Caustic potash ....1V'1 Water. •

80 grs. — — —

10 ozs. — — —

For normal exposure equal parts of I. and II.
should be taken; forover-exposure, lessof No. II.
to begin with. Solutions III. and IV. can be
used for accelerating or restraining, as already
described. Solution d is suitable for tbe de-
yelopment of lantern slides and transparencies.

Eikonogen is the sodium sait of amido-fl-
naplithol-sulphonio acid (C,0H5.NH2.OH.SO3Na),
and may be used in solutions of varying strengths,
as found most convenient. Tbe following quan¬
tifies illustrate strong and weak developers with
this substance :

Eikonogen . 5 grms. . 5 grms.
Sodium sulphite 20 grms. . 45 grms.
Water . . 300 c.c. . 500 c.c.

Potassium car¬

bonate .... 60-75 grms.
Sodium carbonate

(crystals). . 15 grms.
Water . 100 c.c. . 500 c.c.

Intensification and réduction of dry-plate
négatives.—If proper exposure be given to the
plate the process of development by the ferrous
sait or by pyrogallic acid will always yield suf-
ficient printing density. Both under- or over-
exposure, however, will yield an image far too
thin to give a vigorous and brilliant print. This
deficiency may be remedied to a certain extent
by the process of intensification ; but it must be
understood that the results, when such a process
has to be employed, are never so brilliant as
with a properly-exposed and properly-developed
négative.

Several methods are in général use for the
intensification of dry plates, one of the most
usual being that in which the action is carried
out by a mercury sait and ammonia. In dry-
plate work the process of intensification is almost
invariably carried out after fixing. For this
purpose it is necessary that the last traces of
sodium hyposulphite should be removed from
the négative by thorough washing. Should it
be necessary to take still further précautions for
the removal of the last traces of hyposulphite,
the négative should be soaked in a saturated
solution of alum containing 3 grains of citric
acid to the ounce of solution, or in a solution
of hydrogen peroxide containing 1 draehm of
' Bobins's hydrogen peroxide solution ' to 5
ounces of water. The plate may be soaked in

these from 10 to 30 minutes, and again washed
before intensification.

To intensify, first soak the plate in water to
thoroughly soften the film, then place in the
following solution, preferably in a black ralcanite
dish :

Mercury bichloride . . 200 grs.
Ammonium chloride. . 200 grs.
Water .... 10 ozs.

The plate rapidly undergoes a process of
bleaching, and when the film is bleached
throughout it is removed from the solution and
thoroughly washed under the tap. The washing
in this case must be most thorough. After this
washing the plate is flooded with a solution of
ammonia :

Ammonia, '880 . . 3J drms.
Water . . . .10 ozs.

In this solution the plate rapidly assumes
density, becoming changed first to a rich non-
actinie brown, and finally to black, accordingto
the length of time it has been left in the mercury
bath.

Should only a slight degree of intensification
be required, the ammonia solution may be re-
placed by a solution of sodium sulphite containing
1 ounce of sulphite to 10 ounces of water. The
plate must be thoroughly washed before being
placed in the sulphite solution.

Other intensifiers may be used, of which the
the most useful will be found in tbe table on

next page.
Solution a is applicable both to collodion

and gelatine plates. To intensify with this solu¬
tion, flood the plate with suffieient of No. I.,
then pouring off, add for every ounce of that
solution 20 minims of No. II. In solution h the
ingrédients are dissolved in separate quantities
of the water. The iodide solution is added to
the mercury solution first, and the solution of
hyposulphite then poured into the mixture
formed. This intensifier has yielded good re¬
sults in the hands of Mr. B. J. Edwards, who
first introduced it.

In c the intensification is produced by the
dark brown of the uranium sait deposited. In
d the lead sait at first produced is white, and
this is converted into black sulphide by the am¬
monium sulphide.
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— a b c d

/Pyrogallic acid ....
Citric acid .....
Mercury bichloride
Potassium iodide....

I.' Potassium ferrieyanide.
Sodium hyposulphite .

Uranium nitrate ....
Lead nitrate ....

■Water

( Silver nitrate ....
II. \ Ammonium sulphide .

(Water

2 grs.
2 grs.

2 ozs.

20 grs.

1 oz.

60 grs.
90 grs.

120 grs.

10 ozs.

15 grs.

15 grs.

4 ozs.

30 grs.

20 grs.
1 oz.

1 oz. (soin.)
10 ozs.

In ail cases the plates should be well washed
tetween the application of solutions I. and II.
and after intensification; they may also be
placed in the fixing bath again for a minute
or two with advantage, and then finally
vashed.

Beducing négatives.—Should the négative
after development and fixing appear too dense
forprintingpnrposes, one of the foliowing courses
of treatment will cause its réduction :—

(а) Immerse the soaked négative in a mixed
solution of—

Potassio-ferric oxalate (saturated solution),
1 part.

Sodium hyposulphite solution (4 ozs. to I
pint), 10 parts.

(б) Soak the plate in sodium hyposulphite
solution (2 oz. to 1 pint) to which has been added
potassium ferrieyanide sufficient to give it a
yellow colour.

(c) Soak the plate in a solution made by
agitating 1 oz. good chloride of lime with 2J ozs.
of potassium carbonate in 12 ozs. of water. (The
solution is best filtered through calico.)

fixing the négative.—This opération is
practically the same for dry plates as has already
been described for wet plates, except that sodium
hyposulphite is always employed and not potas¬
sium cyanide. The usual strength of the solu¬
tion is 4oz. of hyposulphite to 1 pint of water,
but this may be varied according to the ex¬
périence of the operator.

Transpareneies.—When a positive picture is
required for purposes of enlargement, or for
showing on a screen to a large audience, it is
foundmore convenient to employ an emulsion
made of gelatine sensitised with silver chloride,
alone or with a mixture of the silver chloride
and bromide. The following quantifies may be
taken as giving good emulsions suitable for this
purpose

— I. II.

Gelatine (Nelson No. 1.)
Ammonium bromide

^ _ Ammonium chloride
'1 Sodium chloride .

Hydrochloric acid.
\Water ....

B. Silver nitrate
C. Hard emulsion gelatine

300 grs.

100 grs.

10 ozs.

240 grs.

80 grs.
210 grs.

50 grs.
5 mm.

10 ozs.

400 grs.
400 grs.

In No. 1 allow the gelatine to soften and swell
in the water ; then place ail three vessels in a
water bath at a température of 120°!?. (49°C.).
When the gelatine is melted add the silver solu¬
tion to it, and then stir in the ammonium
chloride solution. Allow the emulsion to ripen
at that température for an hour, and pour out
into a dish for setting. The détails of washing
the emulsion, coating, and drying the plates are
the same as for the bromide emulsions already
described.

As the film left by gelatino-chloride plates
after development and fixing is extremely elear
in the high liglits, it is necessary for these plates
to employ glass perfectly free from flaws or air
bubbles.

Gelatino-chloride plates are less sensitive to
light than the bromide plates, so that for contact
transpareneies from well-defined négatives an
exposure of 10 to 20 seconds in diffused day-
light, and from 2 to 3 minutes in gas-light
about one foot from the flame, will be necessary.

These plates are best developed by ferrous
oxalate, or by the mixture of ferrous oxalate and
citrate previously meDtioned, or by the hydro-
kinone developer. When rich warm tones are
required, the oxalate may be mixed with a few
minims of a 10 p.c. solution of sodium chloride,
which also permits of more latitude in the ex¬
posure.

The chloride emulsion may also be used with
paper as the substratum for the sensitive
material.

Gelatino-bromide plates also yield good trans¬
pareneies, but if they are used for this purpose
a fairly strong pyro-developer should be taken
and the development carried out quickly.

Transpareneies are now commonly made by
sensitive carbon tissue. A description of this
method is given in the section on carbon print-
ing, under the ' powder or dusting-on process.'

The formulas useful in the development of
transpareneies are described under the develop¬
ment of gelatine plates.

Négatives on paper.—In the earliest form of
négative—that introduced by Fox Talbot—the
material employed as the substratum for the
sensitive film was paper instead of glass.
Although the employment of glass as a sup¬
port to the sensitive film became generally
adopted when the collodion process was per-
fected by Archer in 1852, the use of this material
is gradually giving way at the présent time to
the employment of paper or hard gelatine films
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as the médium on which the sensitive emulsion
may be spread. This reintroduction of paper as
a basis £or the sensitive film is due in a great
measure to Mr. L. Warnerke, who in recent years
has acted as a pioneer in the introduction of
paper coated with emulsion, and in the design
of apparatus necessary for the manipulation of
sueh coated surfaces. Many other makers have
followed on the same lines, and the employment
of paper and other materials instead of glass as
the substratum for the sensitive film is now

rapidly gaining ground.
The détails of coating the paper with the

emulsion are nearly allied to those of coating
the glass plate. The actual différence between
the two methods consists in the spécial manner in
whieh the sensitive films are arranged in the
caméra for exposure. This may be done in two
ways. The sensitive paper may be eut into
definite sizes the same as the glass plates, and
then fixed by specially-constructed slips of thin
wood in the ordinary dark slides exactly in the
position that would be taken by the glass plate.
Another method is to suspend the sensitive
paper in a continuous roll in what is termed a
roller slide, which takes the place of the dark
slide eontaining the sensitive plate. In this
arrangement the continuous slip of paper may
be rolled off from one spool to another across
the caméra, a mechanical check or signal being
given as soon as the length of paper corre-
sponding to the width of the caméra lias passed
over, thus placing a fresh surface in position
before the lens. The process may be repeated
till twenty-four or more portions of the con¬
tinuous film have been exposed. The paper
may then be removed from the dark slide for
development, and another roll placed on the
rollers in the slide. Many makers have now
introduced slides and carriers for paper négatives
in addition to Mr. Warnerke before alluded to.

The development of the paper négative may
be carried out very much in the same way as a
glass plate, but it is better to employ in the case
of paper either the ferrous oxalate developer, or,
if pyrogallic acid is used, a developer eontaining
an alkaline carbonate with sulphite as accele-
rator, instead of free ammonia. Mr. Beach's
formula or that given by the Eastman Company
acts admirably. Development in the usual way
by ammonia is by no means out of the question,
but there is always the danger of a yellowish
stain on the paper. If this method be employed,
the paper should be soaked after fixing in an
alum bath, with or without a little citric acid,
as experience indicates, exactly like the glass
plates. It will be found advantageous to soak
the paper in water before development till ail
tendency to eurl up has disappeared. Ketarda-
tion or accélération of the development may be
done in the same manner as for glass plates.
A marked différence between the négatives on
paper and those on glass exists in the difficulty
of determining during fixing when ail the un-
altered silver sait has been removed. Under
these circumstances, it is best to allow the paper
négative to remain twenty minutes in the fixing
bath, when ail the haloid sait will be removed.

Another différence is in the drying of the
négative, which must be done on a glass or vul-
canite support. The paper négatives, after

thorough washing, are squeegeed face dovn-
wards to one of these supports, and placed
in a moderately-warm place to dry. When dry
the négative may be removed from the support
by raising one end, and firmly but gently strip-
ping it from the support.

Some paper négatives may be printed from
at once as soon as they have been stripped from
the support ; others require to be greased before
printing, so as to render them transparent and
to remove the appearance of grain in the paper.
To effect this the négative is fastened face dovra-
wards on a fiât surface, and oil vaseline rubbed
into the back by a little pad or one of the fingers.
When the vaseline has thoroughly penetrated
the paper, the négative, after standing for about
twenty hours, will appear perfectly transparent,
and the grain of the paper will have entirely
disappeared. The exeess of vaseline may be
removed by a cloth pad.

The oil vaseline may be prepared by melting
3 parts of ordinary vaseline, and pouring into it
1 part of heavy lubrieating paraffin oil. Tàe
détails of printing from a paper négative are the
same as for an ordinary dry plate.

Stripping films.—These films, which have
been introduced within the last few years, cou-
sist of a film of hard gelatine rendered sensitive
to light by an emulsion, and which is of snch
toughness as to furnish gelatine négatives which
may be printed from after development, and
fixing without either glass or paper as a sub¬
stratum. The stripping film consists of a film
of insoluble sensitive gelatine emulsion attached
to a paper support by means of a layer of soluble
gelatine. The exposure, development, fixing
and washing these films are exactly the same as
with the ordinary paper négatives, with this ex¬
ception, that alum solution must not be used
during the development, as it will render the
layer of soluble gelatine insoluble.

After final washing, the film is laid face
downwards on a clean glass plate which has
previously been coated with a solution of india-
rubber in benzol, and then with plain collodion.
The film is pressed into contact with the pre¬
pared glass plate by means of a rubber squegee,
then left between thick blotting-paper for half-
an-hour under pressure. It is then placed in
warm water, whieh dissolves the soluble gelatine
layer and removes the paper, leaving a reverse!
négative on the glass. If it is deemed advisable,
this may be printed from directly, retaining the
glass plate as a substratum. The final removal
of the négative from the glass may be accom-
plished by squeegeeing a clean gelatine skin into
contact with it, allowing both films to dry, and
then, gently raising one end, stripping the whole
from the glass plate. The pellicle négative is
then ready for printing from.

Gelatine films or plates can now be obtained
made of the harder varieties of gelatine, upon
which the sensitive emulsion is spread exactly
as if the hard gelatine corresponded to the glass
plate. These films are very light and portable,
and by their use the difficulties eonnected with
the manipulation of stripping films are removed.

Silver Printing.
For the multiplication of copies from a néga¬

tive it is necessary that some light moderately-
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Etrong material, capable of being sensitised,
sloald be employed. Hitherto paper coated
with albumen has been the chief substance
ased. The albumenised paper is first treated
with a solution of some soluble cbloride, such
is ammonium chloride, so that when brought
in contact with a solution of silver nitrate
its surface may be sensitised with the mixture
of silver chloride and free silver nitrate. In
the action of the light through the négative
upon the sensitive paper a graduai darken-
ing takes place during the décomposition of
the chloride and albuminate of silver, and a

copy or positive of the négative is produced, the
lights and shades of the original object being
truly represented. In ordinary silver printing
the action of the light is allowed to proceed to
such a length as to produce an image slightly
darker than the print required, as the opérations
of toning and fixing bave a tendeney to weaken
the colour of the print. Différent organic sub¬
stances might be and have been used instead of
albumen, but that is the substance most gene-
rally employed.

As the colour resulting from the immédiate
action of a fixing agent on the silver compounds
is a disagreeable red, tbe print undergoes the
process of toning, which is effected by immersing
it in a solution of gold, containing some sub¬
stance capable of absorbing tbe chlorine derived
from the décomposition of the silver sub-
chloride produced by tbe action of tbe ligbt.
Aller sufficient tone of a brown or purple kind
lis been imparted to the print, the unacted-on
silver compound is removed by sodium hypo-
sulphite in the same way as with the wet plate.

To préparé the paper, coat with the follow-
ing:

Albumen (white of egg) . . 10 oz.
Ammonium chloride . . 100 gr.
Spirits of wine . . . joz.
Water 3 oz.

Dissolve the chloride in the water and spirits

of wine, then add the white of egg solution, with
constant shaking for about half an liour, or,
better still, break up the cellular membrane by
mechanical stirring. Pilter through a sponge
or glass wool into a flat dish.

Por plain salted paper the following quanti¬
fies may be taken :

Ammonium chloride
Sodium chloride .

Sodium citrate
Gelatine
Distilled water

30 gr. 50 gr.
15 gr.
50 gr.

5 gr. 5 gr.
5 oz. 5 oz.

Dissolve the gelatine in tbe water, then add
the other substances, and filter.

To coat the paper the sheet must be held
carefully by two corners, gently bent back, and
tbe centre of the convex side of the sheet lowered
on to the solution in the dish. After two to
three minutes raise, and again lower, to avoid
air bubbles. Ploat on solution two or three
minutes, then hang up to dry.

To sensitise the paper.—A silver solution,
stronger than that used for sensitising the plate,
must generally be employed. The following
give varying strengtlis for différent circum-
stances :

abc

Silver nitrate . 50 grs. 80 grs. 30 grs.
Water (distilled) 1 oz. 1 oz. 1 oz.

a. may be used for ordinary cases, 6 where tbe
négative is weak, and c where the lights and
shades on the négative show great contrast. The
strength of the bath becomes gradually lowered,
and must be restored from time to time. Only
strong négatives sbould be printed in direct
sunlight ; ail other cases should be exposed only
to diffused daylight or covered with tissue paper
or coloured glass during printing.

Toning.—To obviate the red colour of the
printed image, it is immersed in a neutral solu¬
tion of gold containing certain metallie salts. The
following are some selected toning baths :—

— a h c d e

Gold chloride lgr. lgr. 1 gr. 1 gr. lgr.
Sodium acetate .... 30 grs. — —

Sodium phosphate .... — 20 grs. — —

Sodium bicarbonate.... — — 30 grs. —

Sodium biborate (borax) .
— — — 20 grs.

Sodium tungstate .... — —

-r- — 20 grs.
Water 10 ozs. 10 ozs. 10 ozs. 10 ozs. 10 ozs.

a is a good bath for ordinary use, giving
jurple-brown tones, but should be made up
twelve hours before use ; 6, c, and d ean be used
shortly after making, and give purple tones, but
do not keep well ; e gives fine purple-brown tones,
andkeeps fairly well in tbe dark. These solu¬
tions may also be made up in strong solutions
by dissolving the tube of 15 grs. of gold in 15 ozs.
of water, and adding the proper quantity of
alkaline sait. To make the bath for immédiate
ose mix 1 part of the stock solution with 10 ozs.
of water.

The chemical reactions taking place in the
proccss of toning do not appear to be complex in
their nature, the tone being produced by a fine
film of gold, reduced from a neutral solution of

gold chloride (AuCls), or of the double sait
(NaAuCl4, 2H„0), upon the film on the print
already containing the reduced produets from
tbe silver chloride and albuminate. To obtain
the best results the gold,solution must be neutral,
and for this purpose it is mixed with certain salts,
as the acetate, phosphate, biborate, and tungstate
of sodium ; bleacbing powder, chalk, &c. The
presence of reducing agents other than those
formed by the réduction of tbe silver chloride
and albuminate hinder the réduction of the gold ;
therefore the old plan of mixing the toning with
the fixing bath should be avoided.

Fixing the print.—This is done by immersing
the print, after toning, in a solution of sodium
liyposulphite, i ozs. in 20 ozs. of water. This
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strength is suitable for prints from strong néga¬
tives, but where the print is weak the fixing bath
may be reduced to 3 or 2 ozs. of hyposulphite to
the pint of water. Before fixing, the prints
should be immersed in water oontaining a small
quantity of sodium carbonate for ten minutes,
and then placed face downwards in the fixing
bath. Their brillianey will at first diminish, but
will to a certain extent be restored when they
are finally fixed and dried. The prints should
remain in the fixing bath from 10 to 15 minutes,
being gently moved about to prevent them stick-
ing together. The prints must be washed after
fixing for at least 24 hours in différent changes
of water.

In silver printing the toning bath should be
neutral or slightly alkaline, and not below 60°F.
The prints must be printed rather darker than
finally required, and toned to a chestnut brown
or purple.

Bapid printing with gelatino-bromide paper.
From what has already been said with regard
to paper négatives, it will be at once obvious
that such coated paper may also be employed
for direct contact printing. The arrange¬
ment in this case is the same as for silver
printing, the gelatino-bromide paper replacing
the silver paper under the négative. The ex-
posure, however, is done in gaslight, and must
be very short—from 5 to 20 seconds, 18 inches
from the gas burner—and the print, not being
visible after printing, must be developed as in
the case of the silver paper.

The development of the pictnre is effected by
ferrous oxalate or alkaline pyrogallate, and the
fixing by the ordinary sodium hyposulphite.

The tone of these prints is distinctly neutral,
and somewhat like platinum prints. The print
may be obtained dull by allowing it to dry on
blotting paper after final washing, with the sen-
sitised side upwards, or it may be obtained with a
glossy appearance by being squeegeed, face down¬
wards, on a glass or ferrotype plate and allowed
to dry in that position. When dry, it may be
stripped from off the plate.

Printing with gelatino-cliloride paper.—
Printing on paper covered with a gelatino-chlor-
ide emulsion has recently much replaced albu-
menised paper. The détails, so far as the printing
is concerned, are similar to those of ordinary
printing, except that it prints with considerably
greater rapidity. The printing, like that with
albumenised paper, should be carried slightly
further than the shade finally required, as the
prints diminish in intensity during toning and
fixing.

Prints in gelatino-chloride paper may be
toned by the following :

Gold chloride.... 3 grs.
Ammonium sulphocyanide . 100 grs.
Sodium hyposulphite . . 5 grs.
Water 10 ozs.

The gold is dissolved in the water separately
from the salts, and the two solutions mixed im-
mediately before use. The precipitate at first
formed re-dissolves almost immediately. The
toning must be carried further than in ordinary
printing, and the prints may be fixed with hypo¬
sulphite directly after toning, without any inter-
mediate soaking in water.

Printing in Platinum.

Platinotype.—This method of printing iras
introduced by Mr. Willis, and has been patentai
by him. It may be divided into three distinct
proeesses. In the first the paper is sensitised with
a mixture of ferrie oxalate and the platinum sait,
and, after exposure, is developed with a hot solu¬
tion of potassium oxalate. In the second theie
is no platinum sait on the paper, but it is coated
with ferrie oxalate containing a small quantity
of mereurie chloride, and, after exposure, is de.
veloped by a cold solution of potassium oxalate
with the platinum sait. The third process, in¬
troduced by Pizzigelli, differs from the first two
in containing both the sensitive material and the
developer on the paper during the opération ot
printing. It is, therefore, like silver printing, a
printing-out process, where the image is carried
to its full printing density during its exposure to
the light, the print requiring no further develop¬
ment after exposure, but merely fixing.

In the first of these processes the action of
the light produees the réduction of the ferrie to
ferrous oxalate, Fe2(C2O4)3 = Fe2(C,O4)2 + 2C0:,
leaving the potassium chloroplatinate unredueed
in the film. On developing the partially-formed
image, however, by warm potassium oxalate the
ferrous oxalate becomes dissolved out of the
film, and at the moment of its solution reduces
the platinum sait, thus increasing the image by
a deposit of metallic platinum,

3K2PtCl4 + 6(FeC204)
= 3Pt + 2Fe2(C204)3 + Fe2Cl„ + 6KC1.

Printing with hot developer.—In this case
the paper is coated with a mixture of ferrie oxa¬
late and potassium platinous chloride, the pro¬
bable change taking place during printing being
the réduction of ferrie to ferrous oxalate by the
paper under the influence of the light. As there
is an intimate mixture of the reduced iron sait
with the platinum sait on the surface of the
print, when this is floated on a warm solution
of potassium oxalate the ferrous sait at once
undergoes solution, but in passing into solution
it reduces the platinum sait, and a deposit of
metallic platinum is formed, varying with the
amount of ferrie oxalate reduced, which differs
according to the amount of action of the light
on the différent parts of the plate. On the high
lights the ferrie oxalate remains unchanged, and
therefore no réduction of platinum will take
place on these during development.

The paper may be prepared by brushing it
over with a saturated solution of ferrie oxalate,
containing 60 grs. of the platinum sait to the
ounce of solution. It is necessary that the paper,
after it is coated, should be kept absolutely dry;
this is best effected by storing it in tin boxes
with lumps of calcium chloride in a perforated
chamber at one end of the tin. The amount of
exposure requires perhaps greater experience
than in silver printing, as allowance has to be
made for the circumstance that the image on
the paper before development is not sufficiently
marked to guide the operator in determining the
length of exposure without considérable ex¬
périence. Proper exposure may be said to bave
been given when the shadows of the picture are
distinctly seen of a drab colour.
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For the further development of the image
the print is floated face downwards, or drawn
over a hot saturated solution o£ potassium oxa¬
late in the manner previously desoribed for
altamenising paper. A solution of the proper
strength may be made by dissolving 2 J ounoes
of neutral potassium oxalate in 10 ounces of
iistilled water, which should be used in a dish
of enamelled iron and kept at a température of
1ÏO-180°F. When development is deemed com¬
plété, and the full détail of the picture is out,
the print is transferred to a solution of hydro-
cblorio acid, of a strength of 1 ounce hydro-
chloric acid to 60 ounoes of water, in which it
should remain ten minutes. The print must
then be thoroughly washed in at least three
changes of water. Should the prints be deemed
over-exposed, the température of the developer
may be lowered.

The prevailing tone of platinum prints is
grey, but brown tones may be obtained by de-
veloping in a bath of hot potassium oxalate
containing mercurie chloride.

Development with cold potassium oxalate.—
In this modification of the process the paper is
fot coated with a saturated solution of ferrie
oxalate containing about 1 to 1J grains of mër-
euric chloride to the ounce of oxalate solution.
After proper exposure as before described, the
print is floated on a solution of potassium oxa¬
late containing potassium platinons chloride.
Considérable latitude may be permitted in the
composition of this developer, but a solution
containing 50 grains potassium oxalate to the
ounce ot water, witli about 9 to 10 grains of the
platinum sait, may be taken as a standard
quantity to begin with. Warm tones are pro-
duced by lessening the quantity of potassium
oxalate; cold or grey tones by increasing it.

The development by this method proeeeds
slowly, and may be stopped at any moment,
great latitude being at the same time permitted.
When the print is thoroughly soaked with the
developer, it may be placed on a sheet of glass,
or held in the liand, and the development
watched. The intensity of the deeper shadows
ot the picture may also at this point be con-
trolled by brushing over them some of the
bydrochlorie acid fixing bath, which checks the
developing action, and allows of the denser parts
of the picture being worked up.

Direct platinum printing without develop¬
ment.—la. this process, introduced by Pizzigelli,
the paper is sensitised with a mixture of the
platinum sait with sodio-ferric oxalate and
sodium oxalate ; under certain circumstanees
small quantifies of potassium chlorate and
mercurie chloride being also introduced. This
method diSers from the other two in the paper
containing the sensitive sait and developer upon
it during exposure, and the printing of the image
being can-ied to its full extent. Under the in¬
fluence of light and the moisture in the air,
réduction of the platinum sait takes place in
the printing-frame. The printing must be con-
tinued till the picture has the appearanee finally
required. In moist weather the printing will go
on without difliculty ; in very dry weather the
increase of density apparently stops after a
certain intensity has been reached; it will
continue, however, to print, if the baek of

the paper be breathed upon or very gently
steamed.

Fixing the prints.—This is best done by
plaoing the prints in 1 vol. hydrochloric acid
and 60 to 80 vols, water till the high lights
appear perfectly white. They should then be
washed in two or three changes of water. The
tone given by platinum prints is especially ap¬
plicable for copying buildings and machinery,
but also yields most beautiful effects in por¬
traiture when the proper lighting of the original
négative has been attended to.

Toning silverprints withplatinum.—If plain
sized and salted paper be employed instead of
albumenised paper, rich brown and black tones
may be obtained by platinum. The resulting
print has a dull or ' matt ' surface, and the
opérations are very similar to tliose of ordinary
silver printing.

The paper is first sized and salted simul-
taneously by one or other of the following solu¬
tions :

(«) (6)
Arrowroot . . 90 grs. 90 grs.
Ammonium chloride 80 „ 60 „

Sodium carbonate . — 120 „

Citric acid . . — 30 „

Water . . .10 ozs. 10 ozs.

The solution may either be spread over the
paper, or, what is préférable, the paper floated
on it as already described for coating albumen¬
ised paper.

After printing from the négative, toning may
be carried out by the following solution. A
stock solution of potassium chloroplatinite
30 grains to 1 ounce water, and

(a) (5)
Stock solution . 1 dram 1 dram
Water . . 2 oz. 8 oz.

Nitrie acid . 1-2 mm. 2-3 mm.

(a) gives rich black tones, and for most pur-
poses is too rapid in action ; (b) allows of more
gradation in the toning, and permits of the
opérations being better regulated. The prints
are washed and fixed in a manner similar to

ordinary silver printing.
In ail silver printing processes the prints

should be well washed, and the hyposulphite
bath should be renewed as often as possible to
prevent stains.

Printino with Inox Salts.

Several processes bave been brought forward
in which the salts of iron may be employed in¬
stead of those of silver and platinum, thus ren-
dering the cost of copying large plans or draw-
ings much less expensive.

The réduction of the ferrie salts by light was
first utilised by Sir John Herschel, whe em¬
ployed the ammonio-citrate of iron as his sensi¬
tive material, developing the image with a solu¬
tion of potassium ferricyanide, and the différent
methods now employed are more or less modifi¬
cations of his original process.

By mixing the ferrie sait and potassium
ferricyanide together before coating the paper,
the print may after exposure be developed by
merely washing in water till the washings are
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600 grs.
5 ozs.

600 grs.
5 ozs.

colourless. For such a paper the following
mixture will be found useful :

Potassium ferricyanide
Distilled water
Ammonio-citrate o£ iron
Distilled water

Dissolve the salts separately, then mix and
the solution in the dark. The paper, after
eoating and drying, must be kept for a few days
beforo use. When thoroughly exposed the print
should show ail détails.

For inoreased rapidity it is better to use the
method of development with the ferricyanide.
Sensitise the paper with

Ferrie chloride . . 1 oz.

Tartaric acid . . . 1 „

Water 20 ozs.

Dry quiekly, and expose under négative in
direct sunlight for from three to five minutes.
The image not being visible, experience must be
relied on as in printing from gelatino-bromide
paper.

The image is developed by floating the paper
on a solution of 2 ounces potassium ferricyanide
to 15 ounces of water. When the image is
sufficiently developed, the print is wellwashedand
finally dried. It is found advantageous in cer¬
tain cases to add a small quantity of eitric acid
to the first wash water, as this tends to increase
the brilliancy of the print.

A method for obtaining positive prints from
positives may be carried out by sensitising the
paper with the following solution :

Gum arabic . . . li oz. (troy)
Ferrie chloride . . 1 ,,

Tartaric acid . . . $ „

Sodium chloride . . ï „

Water . . . 12 to 14 „

The paper, having been coated, dried, and
exposed in the ordinary manner, may be de¬
veloped by floating it on a solution of 1 ounce
ferricyanide in 10 ounces of water. After de¬
velopment immerse in a cleansing solution of
hydrochloric acid and water, wash thoroughly,
and dry. These methods are extremely useful
for copying large line drawings or diagrams, but
may also be used for ordinary landscape and
portrait prints.

A printing process, under the name of ' Kal-
litype,' in which iron salts are used has been
reeently introduced by Dr. W. W. J. Nicol. It
consists in eoating paper with ferrie citrate, tar-
trate, or oxalate, or mixtures of these. The dried
paper so coated is printed in a way similar to
platinotype, and the development of the prints
is carried out by solutions of potassium oxalate,
or borax, mixed with silver nitrate of varying
strengths.

They are then soaked in baths of an alkaline
tartrate or citrate, rendered alkaline with am-
monia, and finally washed with water.

Diazotype.
Under this heading may be classed two pro¬

cesses for printing in colours which may be
shortly described in an article on photography.
The one devised in Germany is termed Feer-type
(from theinventor) ; the other Primulineprocess,
introduced in England by Messrs. Green, Cross,
& Bevan.

In the Feer-type the material is sensitised
with a mixture of a diazo- compound with a
phénol or aminé in molecular proportions, dried
in the dark and exposed behind a négative. The
azo- colouring matter is produced in quantities
proportional to the amount of light passing
through the négative. After printing, the ma¬
terial is dipped in very dilute hydrochloric acid,
and finally washed with water. The following
table gives instances of some of the mixtures
employed :—

— I. IL IIL

Parts Parts Parts

Sodium toluenediazo- \ 25
sulphonate J

Sodium ditolyl-tetrazo- \ 25 25
sulphonate f

/3-naphthol . 25 — —

Metaphenylene diamine. — 20 —

Besoicinol — — 12
Sodium hydrate . 8 — 16
Water ; 1,000 1,000 1,000

Primuline process. If primuline be treated
with nitrous acid (dil.), it forms diazo-primnliue,
which forms various colours by combination
with différent phénols and aminés. If, there-
fore, a surface be dyed with primuline, converted
into diazo-primuline, and exposed to light under
a négative or pattern, and is then treated with a
phencl or aminé, an image is obtained,the colour
cf which is determined by the nature of the de-
veloper used.

The material may be dyed in a hot solution
cf primuline, washed and converted into the
diazo- compound by a solution of 0-25 p.c. of
acidified sodium nitrate. It is again washed,
and allowed to dry in the dark. The exposure
is regulated by exposing slips of the material
during printing, and is known to be complété
when the strip shows no colour on being touched
with a drop of the developer to be used.

The development is carried out by an alkaline
solution of a phénol or aminé (0'25 p.c.). The
following colours are given on developing with
the following substances :
Alkaline solution of 13-naphthol.

„ „ /3-naphthol - di -

sulphonic acid J
„ „ phénol
„ „ resoreinol .

,, (slightly) pyrogallol . . Brown.
a-naphthylamine hydrochloride . . Purple.
Slightly acid solution of eikonogen . Blue.

Carbon Printing.

The processes considered under carbon
printing may be described as those which yield
a print, or transfer as it is usually termed, in
some permanent colour or pigment. For con-
venience such processes may be arranged in
three distinct classes. In the first division may
be placed those processes the principle of which
dépends upon the fact that certain organic
substances, such as gelatine, when mixed with
an alkaline bichromate become insoluble in
water after exposure to light. In the second may
be classified those processes in which a tacky

Bed.

Maroon.

Yellow.
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substance—such as gum, dextrine, or albu¬
men—sensitised with a bichromate, is em¬
ployé! lu these cases when the plate is exposed
to light the tackiness disappears, according to
the intensity of the light and the extent of ex¬
posure, so that when an extremely fine powder
is brushed over such plates it will adhéré to the
film on those parts shaded from the light by the
dark portions of the négative. In the third
division we kave organic substances like bitumen,
ivhieh by itself undergoes a change under the
action of light, becoming insoluble in reagents
likechloroform or benzene, in which it was freely
soluble before exposure.

It will be readily seen that, if a surface such
as is mentioned in the first instance be placed
nnder a négative in a manner similar to that
employcd in silver printing, a graduated action
of the light through the négative on the sensitive
film avili take place, producing an insolubility of
the gelatine film, this depending on the différent
gradations of light and shade in the négative.
Ihe light passing freely through the shadows
on the négative renders the gelatine film under
them insoluble in water, whilst, there being little
action through the deposits on the high lights,
Ihe portions under them will remain soluble, and
can therefore be subsequently removed by proper
treatment.

In actual practice it is the custom to mix
with snch sensitive films some colour or pigment
in an extremely fine state of division, which,
being retained on those portions of the film
rendered insoluble by light, will represent, after
the soluble portions have been removed, a copy
in pigment of the original négative.

In a process belonging to the first division—
namely, the bichromated gelatine—when the
sensitive tissue is placed in warm water the
soluble portions will be washed away and the
insoluble will remain, thus forming a species of
engraved sheet in which the high lights in nature
are represented by the reliefs and vice versd.
In such processes there will be a reversai of the
lights and shadows when copied by the print ;
thns in tbem a négative will produce a positive,
and a positive a négative. But in the case
of a process belonging to the second division,
where a tacky substance is employed, a néga¬
tive will produce a négative, and a positive a
positive.

The basis of any pigment employed should
be carbon, but the colour may be regulated to
required tints by mixing itwith suitable pigments,
snchaslndianred, Venetianrea, Vandyke brown,
umbers derived from iron oxides, or blue with
indigo; in fact, with any colouring material
which is of a distinctly permanent nature. The
paper intended to support the sensitive material
should be tough and smooth, and the gelatine
employed should be of a médium quality, neither
too soft nor too hard.

The carbon tissue, either fully sensitised or
merely ooated with the gelatine and pigment,
may be purchased in the market, but in case of
there being any necessity for its manufacture
the following quantifies may be employed ; tissue,
however, prepared on the small scale is not
often very successful.

Preparing the tissue.—The paper may either
"

over the following mixture, the rate

of transit regulating the tliickness of the de-
posit :

Water 5 ozs.

Gelatine . . . 600-750 grs.
Soap 75 „

lïugar 105 „

Colouring matter . . 20-40 „

or a sufficient quantity of the mixture is poured
on to a glass plate previously cleaned and moist-
ened with oxgall. A sheet of the paper to be
coated, slightly moistened, is then carefully laid
upon the coated plate, and allowed to remain till
the gelatine film dries. When this has taken
place, the edge of the paper being gently raised,
it may be removed from the glass plate with the
film of gelatine adhering to the paper.

Sensitising the tissue.— For this purpose the
tissue is floated on a solution of neutral potas¬
sium bichromate, formed by dissolving from
20-50 grains of bichromate to 1 oz. of water.
These proportions may be raised to suit the
négative to be copied and the season of the year.
A weak bath is more suitable for warm weather,
and a négative which may be filled with détail
but is weak from over-exposure. A stronger
bath should be employed when printing from a
strong négative. The tissue should be dried, if
possible, out of contact with any fumes arising
from the combustion of gas or otherwise, and
should be dried fairly rapidly.

Exposure.- As no visible image can be seen
on the tissue during printing, it is necessary
to employ some kind of actinometer to regulate
the time of exposure. Such an instrument may
be formed by inclosing a slip of paper sensitised
with a standard solution of silver in a small
light-tight box. On exposing certain lengths of
this paper différent tints are obtained, corre-
sponding to the différent actinism of the light.
Various forms of such an instrument have from
time to time been devised, such as the actino¬
meter employed by the Autotype Company, and
the photometer designed by Mr. Woodbury.
During the exposure of the carbon tissue the
actinometer, with the exposed silver paper, is
placed by the side of the printing frame. When
the shade on the silver paper indieates that proper
exposure has been given (a matter determined
by previous experiment), the print may be re¬
moved and development proeeeded with.

Development.— It will be most convenient,
for the sake of clearness, to consider the process
of development in two sections, commencing with
the development of a pigmented gelatine film
by means of a single transfer process, and to
proeeed afterwards to the method adopted when
a plate prepared by a tacky substance has been
used.

As will be readily understood, development
must be effeeted in a weak light, and if mueh
light is required it must be non-actinic. The
process is carried out by the application of hot
and cold water to the sensitive film when it has
been placed on some suitable support, the final
fixing or hardening of the gelatine film being
effeeted by a solution of alum.

For the development of a print at least three
suitable dishes are necessary, a smooth board or
sheet of zinc larger than the print, a squeegee
for bringing the print and transferring material
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in intimate contact, and some sheets of blotting-
paper.

To develop a print, place in one of the dishes
with cold water a sheet of paper coated with plain
gelatine (single transfer paper), and resting on
the bottom of the dish gelatine surface upwards.
Now place the print in the same dish, sensitised
side downwards, and allow both to soak till per-
Ifectly limp ; when both sheets have becorae quite
'flat allow them to iioat into contact, and then
carefully withdraw them, still in contact, from
the water ; lay them on the flat board or sheet of
zinc, and smooth steadily with the squeegee.
The tissue and the transfer being now in contact,
they may be laid between sheets of blotting paper
for ten or fifteen minutes. After this the two sheets
of paper are transferred to a second dish, eontain-
ing water at a température of 38-44°C. (100-
110°F.), when, after a few seconds, the pigment
will be seen to gradually exude from between
the print and the transfer paper. When this is
seen, the upper sheet containing the carbon tis¬
sue may be gently separated at one corner from
the transfer sheet, and completely stripped from
it, leaving the tissue transferred to the lower
or transfer paper. The original paper, which
is now useless, may be discarded. The trans¬
fer paper now containing the image may be
placed either in a dish or on the support, and
the image developed by splashing the gelatine
film with water or by pouring hot water over

it from a jug. This gradually clears away the
superfluous pigmented gelatine, leaving, after a
minute or two, a permanent picture, repeating
the détail and tone of the original négative,
When development is deemed perfect the print
is placed in a dish of cold water, and is finally
put in an alum bath, which entirely removes
the yellow tinge from the unaltered tissue and
at the same time hardeus the gelatine film.

Powder process.—This process is one of the
oldest of the carbon processes, and is employé!
now aimost entirely for producing prints upon
a substratum of opal glass. The principle on
which the process is carried out dépends on
the fact that when a tacky substance, like
dried gum arabic, mixed with a bichromate, is
dried and exposed to light, the 'tackiness,'
as it is called, disappears in proportion to the
intensity of the light. If, therefore, such a
film be exposed under a négative, and after
exposure be brushed or dusted over with a fine
powder, this powder will be found to adhéré to
the tacky film in proportion to its tackiness, and
a print will then be built up containing an image
reversed as to left and right. It will be necessary,
therefore, in order to obtain a true print, to first
make a positive from a reversed négative of the
original subjeet before printing. Many sub¬
stances may be employed as a basis in this
process, as may be seen from the following
formulas :—

a b c d

Ammonium bichromate 4 drms. 150 mins.
Potassium bichromate.... — 5 drms. — 4 drms.
Dextrine ...... 4 drms. — — 90 grs.
Grape sugar 4 drms. 3 drms. — 4 drms.
Gum arabic — 7 drms. — —

Honey — — 90 grs. 2 drms.
Albumen — -— 90 mins. 3 drms.
Water....... 10 ozs. 10 ozs. 10 ozs. 10 ozs.

The introduction of albumen into the mix¬
ture nécessitâtes additional care in mixing, as
the froth must be allowed to disappear and the
mixture then filtered as for albumenised paper.
The albumen is an advantage afterwards, how-
ever, in fixing the image, as it is coagulated by
the alcohol.

The coating of the substratum may be done
in a manner similar to coating with collodion.
If thought necessary, the surface may be pre-
viously coated with collodion, well washed, and
allowed to drain. The bichromate mixture is
then flowed over two or three times, allowing the
excess to run back into the bottle, and the plate
or substratum dried at a température of 65°C.

The exposure of the film may be effected in
an ordinary printing frame, but must be done
when the plate is perfectly dry and slightly
warm. Although insensitive to light when wet,
the plate becomes very sensitive when warm
and dry ; therefore, care is necessary. The
length of exposure is best regulated by an aeti-
nometer, as the print cannot be examined during
printing.

After printing, the film is exposed for a very
short time to the air, but must not be allowed to
absorb too much moisture ; therefore, in damp

weather it is advisable to warm gently before
beginning development.

To develop, the film is gently brushed with
plumbago in an extremely fine powder, the
powder being kept in constant motion till the
image is fully developed. Although tkere is a
faint image on the film when takeD from the
printing frame, this is replaced by an image in
powder during the development, which generally
makes its appearance in a minute to a, minute
and a half. To increase the rate of development
in an under-exposed print it is customary te
blow gently on the film ; care must be taken,
however, that too much moisture from the
breath does not pass over the surface, which
would make the film too damp. When
thoroughly developed, the surplus powder is
gently brushed away.

The image is then fixed by placing the film
in water to dissolve away the unacted-on bi¬
chromate and soluble gum, or it may be treated
with a mixture of—

Methylated spirit . , .4 ozs.
Water 2 „

Sulphuric acid . . . . f „

which is flooded over the plate. The colour
should be removed from the film in about five
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minntes, but if this cloes not take place a little
more water may be added to the fixing solution.
When fixed, the film must be soaked in methyl-
ated spirit and dried. It may then be coated
with a goodplain collodion, and finally with clear
négative varnish.

Single transfers.—It will be observed that in
the gélatine and bichromate proeess, which lias
been described, there is a certain disadvantage
from the circumstance that in making the
transfer from the négative a reversai of the
image will have taken place from left to l'ight,
and vice versd. There are many subjects in
which such a reversai is of little or no consé¬

quence, but in making only a single • transfer in
a case where such a change of symmetry would
be produced a reversed négative must be first
taken and the transfer then made from it.

The methods generally adopted for taking
such reversed négatives are by the reflection of
the original négative from a mirror in front of
the caméra, or by printing a positive on glass
md then printing from this a reversed négative
on some sensitive film.

Double transfers.—There are, however, many
subjects in which this reversai of the image is
inadmissible, and for such subjects the double
transfer proeess may be used. This proeess
dépends on the fact that when the exposed print
is pressed in contact with a surface formed of
wax or some similar substance the print will
adhéré to that surface as long as it is moist, but
may be removed to another piece of paper on
drjing. Thus the print when wet may be laid
ou this temporary transfer surface and then
developed, when, after development, if a second
surface of paper be superimposed upon it, on
drying the print will be found to strip away from
the original support on which it was developed,
and will therefore présent on its new support no
reversed image.

The supports for performing the transfer
may be either rigid or flexible ; in the former
case, zinc or glass being used ; in the latter,
paper coated with insoluble gelatine, afterwards
rendered waterproof with some form of lac. In
employing sheet zinc as the support it should
be gently and carefully rubbed with a solution
of beeswax- 90 grains, resin 180 grains, and oil
of tnrpentine 5 ounces. The sheet of zinc
having been placed face upwards in a dish,
Ihe exposed tissue is placed above it, and when
Ihoroughly softened is firmly squeegeed to the
zinc. Development, as deseribed under the
single transfer, is then proceeded with, and when
completed the final support which is to retain
the print is superimposed upon it, and the whole
ailowed to dry. When dry the final support is
steadily stripped from the temporary support,
when it cornes away, bearing the proof upon it—
now, of course, a copy in exact position. In
employing zinc plates as the temporary support,
it is necessary that the one side be ground or
mulled with the greatest care, as the slightest
scratches show on the print when transferred.

Flexible supports have been introdueed by
the Antotype Company, consisting of paper
coated with gelatine rendered insoluble by aluni.
These supports must be waxed a short time
before they are required for use, and should be
eut slightly larger than the print transferred.

Like the rigid supports, the flexible supports
may be used over again, on being rubbed with
wax before using for the first three or four trans¬
fers ; after that it is not always necessary to
rewax them.

Employaient of bitumen.—Besides the gela¬
tine film, sensitised with bichromate, there are
other subtances sensitive to light which may be
employed for the production of prints. One of
these, bitumen, was referred to in the beginning
of this article, and this substance in a pure con¬
dition was employed originally by Niepce. To
obtain a form of bitumen most sensitive to light
it should be exhausted first with ether, and the
insoluble portion then dissolved in benzene.
The ordinary liquid jet varnish does fairly well
when diluted with an equal bulk of pnre beuzene.
A properly-polished zino plate is coated with a
thin film of this varnish, the film being as
evenly put on as possible, and when dry is ex¬
posed under a négative. It is then treated with a
solvent, or a mixture of two solvents, as turpen-
tine or benzene. The parts unacted on by light
are rapidiy dissolved, whilst the high liglits
remain untouched. As the turpentine dissolves
bitumen slowly, and the benzene dissolves it
quickly, by using them separately in the develop¬
ment it is possible to allow for considérable lati¬
tude in exposure. When final détail is visible,
the plate is thoroughly rinsed with water and
flooded in a dish with very dilute nitric acid
kept moving on the plate. After about a minute's
immersion, remo ve the plate and swill again with
water,whenthe surface of the zincplate, roughened
by the acid, will allow the operator to see whether
suffieient détail bas been brought out. Should
this not be the case, the plate must be again
immersed in the solvent, and development com¬
pleted. The image, on completion, may be ex¬
posed to light for a short time to still further
harden the image, after which it is ready for
etching in relief in the ordinary way. The
images on such plates generally retain suffieient
hardness to withstand by themselves excessive
action of the acid in this last etching, without
the necessity of alternately inking up the plates
during the proeess, as is usually done in zinco-
graphy.

Application of printing processes to litho-
graphy and mechanical printing.—From what
bas been said with regard to the carbon pig¬
ment proeesses, it will be seen tKat prints
formed by such. processes contain not only
différent gradations of tone, but also that such
gradations are represented by varying reliefs in
the gelatine film. The majority of so-called
photo-mechanical processes at présent employed
are based on this circumstance, and the prin-
ciples involved are utilised in many ways for
the production of such reliefs on various sur¬
faces, which may afterwards be covered with ink,
and from which prints may be taken by the usual
mechanical methods. Such methods may be
broadly classified in two divisions—namely, such
as produce a print from a surface where the
lines and shadows are sunk, as in ordinary
copper or steel engraving, and those which pro¬
duce a relief or type block, like the ordinary
wood engraving.

Before mentioning the lesser différences
which exist in the more mechanical détails of
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these prooesses, it will be best to describe the
chief points of importance connected with two
methods of printing which form a Connecting
iink between the photographie part of the sub-
ject and that of a more purely meehanical
nature.

Woodburytype and Stannotype processes.—
Taking advantage of the formation of gelatine
reliefs just mentioned, Woodbury's process dé¬
pends upon the production of a mould from the
gelatine print in some hard material from which
other copies may be mechanically taken. The
first reliefs were obtained by electro-deposition
of copper on the gelatine film, but, this yielding
indiffèrent results, Woodbury introduced the
method of stamping the gelatine film into a soft
plate of metallic lead.

The following quantifies may be employed in
making the tissue :

Nelson's gelatine . . . 3| ozs.
Sugar 1 „

Glycérine .... 100 grs.
Phénol '2 mins.
Indian ink .... 2 grs.
Ammonia, '880 . . . 60 mins.
Ammonium bichromate . 300 grs.
Water 12 ozs.

This is spread on a sheet of patent plate glass
previously covered with a film of tough collodion.
the détails of coating and drying being similar
to those of ordinary gelatine plates, with the
exception that, as a deep relief is required, a very
much thicker film of the sensitive mixture is re¬

quired upon the plate. The films must be dried
in a proper drying box with a current of air at
about 27°C. (80'6°F.) circulating through it.
When dry the films may be removed from the
plates by the blade of a spatula, and carefully
stored away from damp by inclosing them in
tinfoil. They should be used within a day or
two of coating. The sensitised tissue is now
exposed under the desired négative, developed,
and dried in the usual way. When dry it is
placed on the smooth, soft metallic plate, and
by means of an hydraulic press is pressed into
the plate. The metallic mould of the gelatine
plate is now placed in a spécial press, and a
thick solution of gelatine, containing pigment or
dye, is poured upon the plate. Strong paper of
very even texture is now laid over the viscous
gelatine, and the upper plate of the press
brought down firmly on the sheet of paper. It
is necessary that the top plate of the press,
which is generally of strong glass, should fit
absolutely on the top of the mould, so that ail
the superfluous gelatine may be pressed out.
The print is then stripped from the mould when
the gelatine has set, and hardened by being
immersed in alum solution.

Stannotype process.—This process is a modi¬
fication of the one just described, and was intro¬
duced by Mr. Woodbury himself to obviate the
necessity of the hydraulic press in making the
cast from the gelatine surface. It will be seen
from the description of the Woodburytype that
if the relief were produced from a positive instead
of a négative, that relief might itself be used as
a mould for the production of prints. This plan,
however, is inadmissible, on account of the ink
from its dampness at once destroying the sharp-

ness of the gelatine mould. The Stannotype,
therefore, is obtained by making a mould,"not
from a négative, but from a positive, which, to
produce the proper sharpness in after-treatment,
should be as good a one as possible. The mould
for the Stannotype may be prepared in a manner
similar .to that described for the Woodbury.
type.

To coat the relief with tinfoil it must first
be prepared by coating the relief edging with a
thick solution of india-rubber in benzene or

chloroform. After this is dry the surface of the
relief is flooded with a thin solution of india-
rubber in benzene (2 grains to the ounce). When
set, a sheet of perfeetly-smooth tinfoil, containing
no pinholes, is spread over the surface of the
relief and brought into intimate contact with it
by passing the mould and the sheet of tinfoil
between two rubber rollers, regulated to suit the
thickness of the mould ; the flattening of the
sheet of tinfoil being clone as much as possible
from the centre of the plates to the edges. Be-
fore printing on paper the mould should be
gently oiled. The paper also should be pre¬
pared with a resinous surface by coating it with
a solution of 1 part gum benzoin in 10 parts of
aleohol, to which, after filtering, is added a warm
solution of 1 part gelatine in 9 parts water. The
gelatine ink having been poured into the mould
under the printing press, the paper is super-
imposed upon it, the press lowered, and the ink
allowed to set. When this has taken place, the
press is opened and the impression stripped
from the mould.

Collotype printing.—In this form of carbon
printing, like those already mentioned, gelatine
and bichromate are employed, but in the collo¬
type plate, after exposure, it will be found, on
dumping with water, that the portions unafîected
by light absorb water, whilst those affected,
while repelling the action of the water, bave
acquired an affinity for fatty lithographie ink.
It is thus possible to obtain from a revend
négative a print from nature in lithographie
ink, the différent gradations of tone being given
by the amounts of ink taken up being propoi-
tional to the amounts of light aeting on différent
portions of the plate.

To préparé the support for the collotype film,
squares of glass, rather larger than the print
required, are ground with very fine emery. This
is best done by placing one of the plates on a
strong support, dusting it with the finest sifted
emery powder ; sprinkle with a little water, and
then, superimposing a second plate, grind the
two faces together till the emery powder works
perfectly smoothly. Finally, wash with water
and dry.

Before sensitising, the plates are coated with
a substratum composée! of either of the follow¬
ing:

(œ) Hard gelatine .

Potassium bichromate
Water 12

The gelatine may be soaked in half the amount
of water, melted, and the bichromate in the
residual water then added. To this ire added,
at about 100°F., 6 ounces of albumen, and, when
filtered, the melted solution is poured over the
clean glass plate. When dried in the dark
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at the ordinary température the plates may be
îiposed for a short time to daylight till their
coloar changes from yellow to brown, when they
must be washed in water till the washings are
clear and allowed to dry. In this condition
they will keep for some time.

(6) A second substratum for collotype work
may be obtained from a mixture of

Stale beer .... 5 ozs.

Syrup of sodium silicate . . 1 „

This should be mixed about 12 hours before use

and filtered. The solution is flowed over the
tleaned plate, which is then drained and placed
in a level position in a drying box. When dry,
the plates are removed, eooled, and washed
miter a tap for a short time. They are then
dried spontaneously.

Before exposing, the plates receive the final
toating, consisting of

Collotype gélatine . . .2 ozs.
Potassium bichromate . . A ,,

Water 10 „

Ammonia 10 mm.

the solution being filtered through fine muslin.
To give the final coating, the plates should be

raised to a température about 110°]?., and, after
receiving the film, should be laid in the drying
cupboard in a horizontal position, and dried at
«tout the same température. The plates are
ready for exposure when dry and colcî, but can
te kept with safety for a day or two.

The collotype film is exposed behind a
rimed négative in the usual manner. After
exposure it is an advantage to lay the plate
lace downwards on some soft blaek substance,
and expose the back of the film to difl'used
daylight from five to ten minutes.

The development is carried out by washing
the plate in several changes of cold water till ail
trace of the bichromate has left the film.
During this process the portions containing the
high lights swell up, and the whole film, except
vhere the deepest shadoxvs are, assumes a fine
grain or reticulation, and shows at the same
time the image in slight relief. The plate is
then soaked in a 1 p.c. solution of alum, again
thoroughly washed, soaked in a dish of alcohol,
and then allowed to dry. The plates may be
nsed when finished, but it is best to allow them
toremain a day before printing. It must also
le kept in mind that, unless under very favour-
able conditions, only a limited number of inked
prints can be obtained from one collotype plate,
so that if many are required several plates
should be made of the subject required.

To ink the collotype plate the usual litho¬
graphie ink may be used, thinned down by a
little olive oil ; or, if desired, two thicknesses of
ink, with separate rollers, may be employée!—■
the thick ink for the deep shadows and the

. thinner for the lighter tones. Before inking,
the plate is slightly damped with a sheet of
moist paper or sponged, and the ink vigorously
rolled over it with a gelatine roller till ail the
détails of the picture are complété. A sheet of
paper is then placed over it, the press lowered,
and a proof taken. The plate must be damped
and inked between eaeh impression. To obviate
this re-damping it is sometimes customary to

Y01.IIL—T

flood the plate, previously to inking it, with a
solution of water and glycérine, with a little
common sait.

General principles involved in plioto-litho-
graphy and plwto-engraving.—The opérations
in these two processes, so far as photography is
coneerned, are almost identicalin principle, and
differ only in détails of manipulation ; they may,
therefore, in this article be dealt with in the
same section. In certain cases, also, mention
of the spécial détails of printing and en-
graving is made under the différent processes
described.

The process is divided into three distinct
opérations—first, the préparation of a suitable
print in greasy ink, which may be transferred to
the stone or zinc plate ; secondly, the laying
down of this print on the stone, and thirdly, the
production of prints from it by pressure.

The two first opérations are those connected
with photography, the last must be more fully
studied in connection with praetical lithography,
engraving by acids, and printing.

The print or transfer paper necessary may
be prepared in the manner already described for
sensitive tissue, and is then exposed to light
under the required négative, the length of expo¬
sure being judged by an actinometer or by the
lines or shadows becoming of a dark-brown
colour on a yellow ground.

The tissue is then laid on a flat surface of
some kind, and covered with transfer ink ; this
may be done by inking the transfer directly with
a gelatine roller, or first inking a stone or zinc
plate, laying the transfer face downwards on the
plate, and drawing through a press. The print
is now laid faee upwards in a bath of hot water at
about 90°]?., and after a short time is transferred,
inked side upwards, to a glass plate or sheet of
zinc, and treated with hot water at about 150°F.,
gently sponging in the manner already described
in the development of carbon tissue. During
this treatment the ink leaves ail those parts of
the print except those representing the lines or
shadows, and the washing is eontinued till ail
the gelatine is removed from the surface which
the ink has left. The transfer is then washed
in several changes of cold water, and hung up to
dry. It is well to leave the print for a day
before transferring it to the stone. Before
transferring it to the stone, the latter should be
slightly warmed before a fire, or by pouring
boiling water over it, and allowed to dry. It
must then be set perfectly level in a printing-
press such as is usually employed for litho¬
graphie printing.

To transfer to the stone bloclc, the transfer
paper is first laid face downwards on a elean
sheet of thick paper and thoroughly damped
upon the baek by sponging or laying over it
a damp sheet of paper. The damp transfer
is next removed from the sheet of paper on
which it was lying, and is laid gently face down¬
wards on the surface of the prepared stone, care
being taken not to disturb it after it has been
laid down. A few sheets of paper are laid over
it, and the whole passed through the press three
or four times. When sufficient pressure has
been given, the roller is removed, and the back of
the transferliberally moistened with warm water.
After a short time, the transfer paper may be
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gently removed, when the gélatine image will be
found to bave been left on tke stone.

The reason of this method will be readily
understood. The greasy ink, having a certain
attraction for the stone, remains with it, forming
the lithographiepieture, whilst the damp albumen
on the paper holds the sheet in position, so pre-
venting a slip of the material during the appli¬
cation of the pressure in the printing-press.
The further printing from the stone is carried
out in the same way as in ordinary lithographie
printing.

Photo-zincography.—Before a zinc plate is
ready to receive a photographie transfer, the
surface should be finely grained by ' mulling ' it
with fine moulding sand. This graining should
be continued till the surface of the plate is quite
dull, and, if possible, should be done imme-
diately before the transfer is to be placed upon
it. For convenienee in the subséquent manipu¬
lation in the printing-press, zinc plates are best
screwed down to thick blocks of wood of a suit-
able height, which represent the lithographie
stone. When the transfer has been suecessfully
laid on the zinc plate in the way already de-
scribed for stone, the next opération necessary
is the etehing of the plate, which is effected by
a solution of which the following may be taken
as a eommon instance :—

Décoction of nut galls . 15 ozs.
Gum water. . . 5 „

Solution of phosphorie aeid 3 drms.
The solution of phosphorie acid is made for

this purpose by allowing sticks of phosphorus
to stand half immersed in water in a bottle with
a small opening to the air. The etehing solution
is brushed over the zinc plate, and allowed to act
for a few seconds ; it is then washed off, and the
plate gummed in and dried. When dxied, the
surface of the plate is wiped with a cloth mois-
tened in turpentine and olive oil, when the
image disappears to a certain estent ; it may
now be covered with ink, which spreads over the
whole surface of the plate.

When evenly black it is sprinkled with water
and the inlring by the roller continued ; the
image gradually becomes clear again, the ink
being removed from ail the parts not impressed
with the transfer ink. Détails relating to under-
cutting of lines in etehing the plates and their
means of prévention are given under the process
dealing with the formation of type blocks.

Mechanical processes dépendent on the prin-
ciples already described for carbon printing.—
From what has now been said with regard to
the général methods of carbon printing, it will
readily be seen of what advantage to ordinary
printing the employment of such methods might
become if adapted to the production of plates or
blocks capable of being used with or without
ordinary letterpress. In copying and trans-
ferring to blocks simple line subjects, no great
diffieulty has been experienced, but considérable
skill and ingenuity has of late years been exer-
cised in perfecting mechanical proeesses dealing
with the reproduction of the natural half tones
and transferring them to the printing-block.
Ail such mechanical processes, however, so far
as the photography is concerned, are based
upon the carbon process, and differ only in the

mechanical arrangements necessary for the
final printing in ink, or the methods adopte! for
reproducing the natural half tones of the
pieture.

The blocks produced by these mechanical
processes may for convenienee be divided into
four groups :—

(1) Those in which the lines or shadovrs are
eut or etclied under the surface, like an ordinary
copperplate. Such are termed ' intaglio blocks.'

(2) Processes in which the various parts of
the surface differ in their capacity for absorbing
greasy ink, so that on inking the block or plate
the différent portions of the image are brought
out in varying intensity, aceording as this power
is greater or smaller for absorbing the ink.

(3) Those in which the portions of the plate
designed to receive the ink are raised like an
ordinary wood engraving, and where the half
tones of the pieture are produced by sorae
stipple or grain previously given to the carbon
print. This last form may be used for printing
in the ordinary way with type, and the blocks
receive generally the name of ' type-blocks.'

(4) Casting from swelled gelatine.
Methods of reproducing half ione by the use

of grain or stipple.—The arrangements em-
ployed for the reproduction of the half tones re-
presented in an ordinary négative are very
various, and differ aceording to the method to be
employed in the subséquent printing in ink.
For the first class of prints, namely ' intaglio
plates,' the graining required is very slight, so
that in many cases it is suflïcient to give to the
plates just enough roughness to make it hold
the ink. This resuit was originally produced in
the early copper plates by the varying thickness
of the bichromatised gelatine film after exposure.
On being placed in the etehing bath, the fluid
acted more strongly when the gelatine film re-
mained soluble, and less strongly when it had
been rendered insoluble by the action of light
The varieties in the relief and the greater or less
roughness on the plate produced by the etehing
gave quite enough stipple or grain for the attach-
ment of the ink, reproducing to a certain estent
the original half-tone effects. In the case of
surface blocks the grain or stipple inust be of a
bolder cbaracter, and the relief must be greater
than that of the intaglio plate.

The mechanical détails necessary to produce
the required grain may at the présent time be
arranged under one or otker of the folio™»
methods : either the sensitive surface employed
for the print contains some inert substance
which is retained by the insoluble portions of
the gelatine film, thus imparting to them s
greater or less granular appearance aceording to
the lights and shades of the original ; or the
half tones of the original négative are brokennp
in a purely mechanical way by covering the
sensitive surface with a uniform network. This

may be done by interposing a fine screen
between the négative and the sensitive sur¬
face.

Of the first of these methods the simplest
action of graining is found in the retioulation or
marking which may be seen on wetting the bi¬
chromatised gelatine film itself, such reticulation
being increased by the présence of a déliques¬
cent sait. The character of the reticulation
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Tiries with the nature of the film and the ex-

posure to the liglit. In the higli lights the gela-
;ine remains unafl'eetecl ; wlien the light has not
acted it becomes entirely soluble and can be
oshed away in development, so that in both
these cases no retieulation is found. In the
jraduated slmdows, however, the retieulation
si be slightest where the action of the light is
•light, and wili inergase till it finally becomes
merged in the solid shadows. A cast may be
iakenfrom such a film, and an electrotype from
the cast, both of these retaining the reticulations
ofthe gelatine film.

Another metbod, introduced by Mr. Woodbury
and inrther developed by others, was the intro-
daction of some granular material, like crushed
glass or graphite, into the sensitive film from
which an electrotype might be obtained retain-

Fig. 6.-Instances of Stipples and Gkains.

ing tbe original graining. The pounded graphite-
improves the conducting quality of the film, and
renders the electrotyping easier.

The devices resorted to in the production of
grain by breaking up the lights and shades with
a network are very various, and are in many
esses trade secrets. Extrême care is necessary
in the subséquent printing in ink, and probably
the nltimate success of the copy is due as much
to the skill of the mechanical printer as to the
maker of the block. In ail these mechanical
manipulations, it must always be remembered

. that a considérable amount of hand skill may be,
and generally is, expended on the blocks, before
thev are printed from.

Fig. 6 shows instances of some of the arti-
icial grains and stipples wkich may be used.
These, having been carefully drawn on plates or
sheets, may be photographed to the size most
stitable to the grain or stipple of the négative

Peoduction of Half Tone on Intaglio Plates.

Wooclbury's process.—The production ot a
Woodbury relief having already been fully cle-
scribed, it is only necessary here to indicate the
further steps necessary to give a grain to such
a copy. The relief having been taken in the
ordinary way on sensitive gelatine which has
the crushed glass or graphite incorporated with
it, is then pressed into a sheet of lead or soft
type métal, which receives the grained image.
The lead being too soft to print from, it is coated
with a film of copper of sulficient thickness to
render it strong enough for handling. From
this copper film is again taken a second electro¬
type, from which the ink prints are struck ofif.
It is probable that many of the photogravure
prints are produced in a similar manner.

Klie'sprocess.—Tliisprocesscloselyresembles
the original etching process of Talbot, except
that asphalt or powdered resin is introduced
into the film to produce grain. A perfectly-
clean and polished copper plate is covered with
a thin film of powder, which is cansed to adhéré
by gently warming the plate and peppering the
fine powder over it.

For refined work the plate may be coated
with powder by placing it in a specially-con-
strueted revolving box into which the powder
has previously been put. A few révolutions are
first given to the box, and it is then allowed to
remain at rest for a few seconds to allow the
heavier particles to settle. When sufficient
time has elapsed, the door of the box is opened
and the plate introduced face upwards on a
proper support. The finer particles of powder
are thus deposited and stick to the warm sur¬
face of the plate, the amount of powder deposited
regulating the nature of the final grain. The
plate is then gently warmed till its surface be¬
comes glossy, when it is ready for use on cool-
ing. A piece of ordinary carbon tissue with
pigment in it, having been exposed under a
reversed positive to form the print, is then
squeezed down to the powdered copper plate,
the temporary transfer is removed, and develop¬
ment proceeded with in the usual way.

The etching fluid consists of four solutions of
ferrie chloride of varying strengths, the strongest
being first used, and the weaker ones after-
wards. The back and edges of the copper plate
should be varnished, and a rim of varnish or
wax placed ronnd the plate to hold the etching
fluid. There being little pigment in the film,
the action of the etching fluid may be easily
watched through the film and so regulated.
The etching process should be carried out at a
température of 70°F. (21°C.).

Waterhouse process.—A successful attempt
has been made in this process to impart
to the film what is termed a ' diseriminating
grain '—that is to say, a grain where the dots will
be larger in size where the shadows are greater,
and correspondingly smaller as they pass into
the highest lights.

A Woodbury relief is first developed on a
thoroughly-cleaned and properly-polished copper
plate, which, to prevent the adhérence of the
copper in the subséquent electrotyping, should
be slightly silvered by washing with a solution
of silver cyanide. The developed film when
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moist is sprinkled over with fine sand, emery, or
glass povvder previously eoated with some
greasy material such as wax, paraffin, or
stearine, which prevents the piarticles perma-
nently adhering to the gelatine. This coating
of the sand is eiïected by heating a quantity of
it in an iron pot with some melted wax, then
removing the pot from the source of heat and
stirring the mass till thoroughly cold.

As the gelatine film dries the particles are
drawn into it, sinking deepest into the darkest
parts, where there is most soft gelatine, less
into the half tones, and not at ail on the high
lights where there is no gelatine. When the
film has dried, the powder is brushed off with a
moderately-stiff paint brush, when the surface
will remain pitted with small holes largest in
the shadows and diminishing gradually in the
half tones. The plate is now ready for covering
with blacklead and final electrotyping.

It is worthy of note, in connection with the
question of ' discriminating grain,' that such an
effect is produced also by the latéral action of
the etching fluids on the sides of those portions
of the gelatine films which happen to be pro-
tected on the top by some unacted-upon material.

A modification of the Waterhouse process
has been introduced by Mr. Sawyer,in which he
introduces powdered graphite into the gelatine
film to obviate the necessity of coating with
that material before electrotyping.

An extremely ingenious etching process has
been devised by Obernetter, the principle of
which dépends upon the following reaction. A
positive is first produced on a gelatine bromide
film containing a large quantity of silver sait.
The image having been developed and fixed, the
reduced silver is first converted into chloride
by the action of ferrie chloride and chromic
acid, and when wet is brought in contact with
a copper plate. The chlorine apparently passes
from the silver chloride to the copper, forming
copper chloride, which, being soluble in water,
can be washed away, so leaving an etched image
on the copper plate.

Production of Half Tone for Piioto-
lithography.

Husband's papyrotint process.—In this pro¬
cess, which is a modification of Captain Abney's
papyrotype for photolithography, the grain or
reticulation necessary for the half tones is pro¬
duced. by some ehemical change taking place
between the ingrédients mixed with the gelatine.
The transfer paper may also in this process be
used in contact with the négative, thus render-
ing the copy sharper than when interposed
média are employed.

Aecording to Major Husband, the paper is
first eoated with a mixture of :

Gelatine (Neîson's flake) . . 8 ozs.
Glycérine 1J „

Sodium chloride . . . 2 ,,

Water 50 „

It is dried for 10 or 12 hours at a tempéra¬
ture of 60°P. (15°C.), and, when required for use,
is sensitised with :

Potassium bichromate . . 1 oz.

Sodium chloride . . . ■§ „
Potassium ferricyanide . . 100 grs.
Water . . V .30 ozs.

The paper is then dried in the dark at 70'f.
(21°C.), this latter part of the préparation being
conducted in the dark room. After proper es-
posure, which should show the image of a light-
brown colour on the yellow paper, the tissue is
placed in cold water for about 10 to 15 minutes,
and then spread on a fiât glass and dried with
blotting-paper. It is then gently sponged witb
a hard transfer ink, made by melting and mixin;
together :

White wax . . . . i oz.

Stearine 1 „

Eesin J „

to which is added, when melted, 4 ozs. of chalk
printing-ink, rendered of a creamy eonsistencj
with a little spirits of turpentine. On now ink-
ing with a roller, the ink adhères to the parts
affected by the light.

The transfer is next placed in a bath ot
tannin and potassium bichromate for a 1b
minutes, then removed, carefully dried between
sheets of blotting-paper, and hung up for final
drying. When thoroughly dry, the surface
should be exposed to light for about to
minutes.

Before placing on the stone in the litho¬
graphie press, the back of the transfer is mois-
tened with a solution of oxalie acid, about 1 part
to 100 parts of water, the excess removed by
blotting-paper, and the print laid upon the
stone. It is then pulled through the press twice
in reverse! directions, and the transfer taken
from the stone without damping, when the ink
will be found entirely transferred to the stone.
The stone is then gnmmed up in the ordinary
way as for lithographie printing.

In another method, devised by Asser, the
transfer paper is eoated with starch and bi¬
chromate. After exposure, it is necessary to
heat the paper by placing it upon a previously-
warmed block of stone or by ironing on the
back. This heating causes the sensitive organic
matter acted on by the light to absorb the litho¬
graphie ink. Before transferring to the stone,
the back of the transfer is damped with weak
nitric acid.

Production of Half Tones on Phototype
Blocks.

The processes employed for the '
of half tone effeets—either in intaglio work or
by collotype printing, as in photolithographv-
might be used for the production of type blocks,
in so far as an image in suitable grain may be
transferred to a zinc plate, and this etched in
the usual manner. In actual practice, howevei,
in the production of surface blocks it is now
customary to employ the method mentioned it
the commencement of the section—namely, that
of copying a grain or network on the sensitive
surface, or of introducing some granular material
into that surface.

Meisenbach process.—This method developed
from an earlier process, introduced by Messrs.
Bullock & Swan, gives a favourable instance ci
how such blocks may be prepared. A grained
screen or network is first made by copying the
lines printed on paper from a spccially-rulftl
copper plate. A transpareney from the originai
négative having been taken, this is placed in
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tontact with the grained screen, the films being
in contact, and a copy is made by the caméra.
From the négative so obtained a print may be
latenonazinc plate covered with bitumen, or
» paper coated with sensitive tissue ; in this
latter case, the print is afterwards transferred in
Ile usual way to a zinc plate. The zinc plate
ilter development is inked up as for ordinary
Kthography or zincography, and etched in the
usual manner. For the engraving plate, it
rill be seen that it is necessary to reverse
4« négative to a positive and transfer the
litter.

To render the breaking up of the lines in the
sliding more perfect, the stippled plate in con¬
tint with the négative may be shifted once or
iiice dnring the opération of printing.

Hchinq on zinc in the production of relief
Mb—In this division of photo-mechanical
trinting considérable praetice and experience are
iquired, and it is only possible in this article to
(onsider very shortly the différent détails of the
process, which are, to a great extent, comparable
with those of ordinary etching.

In actual praetice several baths of the
etching fluid, of différent strengtlis, are used—
generally about three, but sometimes more. For
île différent strengtlis employed, the spécial
isnuals dealing with these points must be con-
solted.

A finished transfer having been impressed on
Ile surface of the polished zinc plate, it is first
carefuUy inked up, so that the ink may take the
lines and shading without any sign of spreading,
and a thick marginal band of ink is spread
round the edge of tlie plate. Powdered asphalt
;; now dusted over the plate, so as to saturate
île inked surfaces with asphalt and increase
the protecting material, and the excess is re-
moved from the non-inked portions of the plate
by dusting with a soft brush. The plate is
now gently heated till the asphalt beeomes
incorporated with the ink, after which the opéra¬
tion of dusting with asphalt and incorporating
it with the ink is repeated. The plate is now
ready, and may be placed in the first etching
bath.

Praetice and experience alone can tell what
i of time the plates should remain in the

etching baths, but one of the chief
î attended to is the prévention of any

undcrcutting of the raised lines by the etching
iuid creeping under the portions protected on
the top by the ink and asphalt. To obviate
this the plates are removed from the baths at
intervals, rinsed and dried, and treated in the
iollouing way : The plate is dusted with fine
powdered resin, which sticks to the inked lines,
aud the excess of which may be blown oiï from
the other parts of the plate. When the excess
has been removed, the plate is gently heated till
the resin just begins to flow and slightly widen
the lines. Itisthen again dusted with asphalt
powder, which incorporâtes itself with the resin,
sud on looking at the plate it will be seen that
not only the tops, but the sides, of the raised
lines bave become coated with resin and as¬

phalt, thus protecting the line from the biting-
ia and undercutting action of the acid. This
process of covering with resin and asphalt
powder is continued at intervais, according as the

spaces between the lines become deeper and
deeper.

The figure illustrâtes the différent stages
during the biting-in of the zinc plate.

During these several etching processes the
back and sides of the plate must be protected
by a coat of shellac varnish. To examine
the condition of the plate during the différent
stages of etching, it may be cleaned by gently
rubbing with turpentine and clearing off with
dry sawdust. The ridges or markings which
invariably occur between the différent etching
opérations are generally smoothed away by an

■ho» orionu Xegative film.
'

-I Zinc witli sensitive film.

WBÏÏM, Action of liglit.

After inkiug and wasliing.

After furtlier etcliing.

Appearance of finished line.

FIG. 7.

engraver's tool when the etching is considered to
be finished. For full détails of the précautions
necessary, the manuals on etching mnst be con-
sulted. In the final printing opérations the zinc
plate is strongly mounted on a piece of wood,
and may then be placed in the printing press.

The description of tlie etching process has
been given in connection with zinc, but for very
fine work, especially for half-tone effects, copper
plates should replace zinc.

The mechanical opérations and détails are
virtually the same as for zinc, but the etching
fluid is sometimes différent. Two usefnl etching
média are :—

(a) Perchloride of iron
Water .

. 1 oz.

. 20 ozs. or

I. II.

(6) Hydrochloric acid . 5 ozs. . 10 ozs.
Water . . . 95 ,, . 70 „

Dissolve, and then add solution of
Potassium chlorate 1 oz. . 2 ozs.

Water . . .50 ozs. . 20 „

Nos. (a) and (6)1. give very soft copper
etching.

Ive's process.—The principle involved in
this and some kindred processes much resembles
that of Woodbury, in that a relief being taken
from the gelatine film it is used to stamp down
the grain on a paper already possessing an even
and marked grain. The highest portions of the
relief crush down the grain, rendering the paper
under them fiât, whilst the lowest parts of the
relief do not touch the paper at ail. Between
the two extremes there remains a gradation of
tone, produced by the various amounts of flat-
tening-out in the graining of the original paper.
In this process, also, a plaster east may be taken
from a swelled gelatine relief, and on this cast
a stipple may be impressed by means of an
elastic stamp. The inked impression is then
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transferred, first to a sheet of indiarubber, and
then to stone or zinc, when it is finally etched.

Swelled gélatine process.—In sueh a process
the sensitive gelatine film, after exposure under
the négative, is allowed to soak in water, thus
forming a raised mould of those portions of the
film representing the lights of the original.
From this, a plaster cast being first taken, a
wax mould is made from it, this mould being
finally electrotyped.

The substratum for these plates is made of
4 ounces amber gelatine, soaked, and finally
melted in 15 ounces of water ; 1 ounce of sugar
and 10 to 20 drops of a saturated solution of
chrome alum are added, and the whole filtered
through muslin. The cleaned plates are first
coated with plain enamel collodion, and then with
the gelatine solution, placed on a level slab
to set, and then on a rack in a eurrent of dry
air.

To sensitise the dried plate it is dipped in a
solution of potassium bichromate 1 ounce,
water 15 ounces, and methylated spirit 5
ounces. The plate should remain in this solu¬
tion three to four minutes, and is then dried in
the dark room. After proper exposure the
plate is soaked in a bath of cold water till the
portions representing the original whites have
swollen. Care must be taken that the soaking is
not carried too far, as it renders the edges of the
raised portions soft and round. When sufficiently
soaked it is removed from the water, carefully
dried, and finally coated with the plaster mould.

The plaster should be thoroughly liquid,
and when first poured on should be gently
rubbed into the film, so as to avoid air bubbles
between the cast and the film. When the cast,
wlrich should be about half an inch thick, is set
and hardened, it is turned over, and the original
plate gently removed from the cast.

To make the wax mould the cast must first
be thoroughly and evenly soaked in water ; it is
then removed from the water, and the melted
wax, mixed with the finest blacklead, is poured
over it. When this is thoroughly set, it is gently
removed, touched up, and trimmed, and from it
is taken an electrotype in the usual way.

«—1" ■ Négative film.
Sensitised gelatine.

fcVl: Action of light.

Swelled gelatine film.

Cast or mould.

§ Reversed cast or mould.

l—llipilli Métal stéréotypé.

Fia. 8.

The figure represents the changes taking
place in sections of the différent materials
during the process of casting, &c., from the
original sensitive gelatine film.

It will be observed from this figure that in
casting or moulding from the swelled gelatine
the final stéréotypé obtained will have a slight
roundness of the line. This is no disadvantage

if the final printing in ink be carried out care¬
fully, as by regulating the pressure in the
printing press thicker or thinner lines may be
obtained at will, thus giving a discriminating
character to the picture.

Should, however, a sharper line be required,
the unhardened portion of the gelatine may be

— Négative film.
XéïéïééyéX !. Sensitised gelatine.

Action of the light.

Hardened gelatine left after washing.

lllllllllillIl'M Electrotype in métal.
Fig. 9.

entirely washed away from the hardened parts,
leaving a raised portion as indicated in fig. 9.

From this a wax mould, and finally an
electrotype, may be taken.
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PHOTOLITHOGRAPHY v. Photography.
PHOTOPHONE v. Sélénium.
PHOTOSANTONIC ACID v. Santonica.
PHOTOZINCOGEAPHY v. Photography.
PHTHALEÏN DYES v. Triphenylmethane

colouring matters.
PHTHALIC ACID. The three dicarboxy-

acids of benzene are frequently classed together
as the phthalic acids. Of these the only
one of technical importance is o-phthalic acid,
C6H4(COOH)2 (1, 2), and this is the compound
which is always understood when the name
phthalic acid is used without further qualifica¬
tion, the meta- compound being distinguished as
isophthalic acid, and the para- as terephthalic
acid.

o-Phthalic acid CBH4(COOH)2 (1, 2). First
obtained by Laurent, in 1836, by the oxidation
of naphthalene (A. Ch. 61, 113). It is formed by
the oxidation of benzene ortho-di-substitution-
derivatives containing the group C9H4 attached
to two hydrocarbon side-ohains or to a closed
hydrocarbon chain. Thus in the case of naph¬
thalene the reaction may be represented as
follows :

^CH\/CH^
CH C CH

CH C CH

^ch/\CH<^
^CH\

CH C-COOH

I II +
CH C-COOH

^ch/

40,

COOH
I

COOH.

The oxidising agents employed are dilute nitric
acid or an alkaline solution of potassium per¬
manganate, or possibly chromie acid (u. infra).
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The following are some of the compounds
which yield phthalie aeid on oxidation : naph-
thalene, naphthalene tetraohloride C10H8C14, di-
nitronaphthol, alizarin, and purpurin with nitrio
aeid ; o-xylene and o-toluic aeid with nitrie aeid
or permanganate ; phenanthraquinone, diphenic
aeid, and diphenyleneketone with permanganate.
Benzene itself gives phthalie aeid when oxidised
with manganèse dioxide and strong sulphurie
aeid in the cold (Carius, A. 148, 60), the explana-
tion being that a portion of the benzene is first
oxidised to formic aeid, the latter substance
being then oxidised simultaneously with a
further quantity of benzene :

C6H0 + 2H.CO.JI + 02 = C6H4(COOH)., + 2^0.
On a large scale phthalie aeid may be obtained

by the oxidation of naphthalene tetraohloride.
The latter eompound is prepared by adding a
mixture of 1 part of naphthalene and 2 parts of
potassium chlorate to 10 parts of crude hydro-
chloric aeid (Haussermann, J. 1877, 763, 1,158).
The product is washed first with water and
afterwards with light petroleum. The naphthal¬
ene tetraohloride is then oxidised by boiling it
with 10 parts of nitrie aeid (sp.gr. 1*45), which
is gradually added during the process. The
nitrie aeid is then evaporated off and the residue
distilled, when phthalie anhydride passes over,
and may be further purified by sublimation. It
is the anhydride whieh is required by the manu¬
facturer ; phthalie aeid, as such, is not manu-
faetured, but may be obtained from the anhy¬
dride by boiling the latter with an alkali, so as
to convert it into a phthalate, and then precipi-
tating the phthalie aeid with hydroehloric aeid.

The naphthalene tetraohloride employed in
the above proeess may also be obtained by pass-
ing ehlorine into melted naphthalene, but the
method is less advantageous than the foregoing
(E. Fischer, B. 11, 738).

Aecording to Luddens (Chemiker-Zeitung,
1891, 585), phthalie aeid is now manufactured
by the oxidation of naphthalene itself with a
mixture of potassium ehromate (not bichromate)
and sulphurie aeid. The method of applying
the reaction has not been made public.

Euchs (Chemiker-Zeitung, 735), referring to
the foregoing statement by Liiddens, doubts
whether phthalie aeid has ever been manufac¬
tured in this way. The method eertainly is, as
Liiddens himself admits, entirely opposed to the
prevailing belief of ehemists that ortho- com-
pounds are destroyed by oxidation with chromic
aeid.

Friedlimder, however, says (Eortschritte d.
Theerfarbenfabrikation, 317): ' Latterly phthalie
aeid appears to have been prepared by direct
oxidation of sulphonie acids of naphthalene, or
by the action of nitrie aeid or chromic mixture
on naphthol, points on which, however, further
détails are not fortheoming.'

Schultz (Chemie des Steinkohlentheers, ed.
ii. 1, 762) also mentions chromic aeid as an
agent whieh may be substituted for nitrie aeid
in the oxidation of naphthalene tetraohloride
and dinitronaphthol in the préparation of
phthalie aeid.

Phthalie aeid forms rhombic erystals.
Whole erystals melt at 214°, powdered sub¬
stance at 203° ; in melting it décomposés into
anhydride and water. 100 parts of water dis¬

solve at 14° 0'54 part, at 99° 18 parts (Graebe,
A. 238, 321). Beadily soluble in alcohol, spi-
ringly soluble in ether, insoluble in chlorofom
(séparation from benzoio aeid). Slightly volatile
with steam. Heated with excess of lime it
yields benzene and calcium carbonate ; but
when calcium phthalate is heated with lialf its
molecular proportion of calcium hydrate to
330-350° it is eonverted into benzoate :

2C6H4<°°°>Ca + Ca(0H)2
= (C6H5.COO).,Ca + 2CaC03.

When calcium phthalate is heated alone it
yields benzophenone, benzene, with small quan¬
tités of higher hydroearbons, and a little anthra-
quinone. It forms crystallised salts, both aeid
and normal.

Phthalie anhydride C6H4<^°>0. Bydis-
tilling phthalie aeid (Laurent), or by heating
phthalie aeid with aoetyl ehloride (Ansckiitz,
B. 10, 326). Best purified by sublimation in a
current of earbon dioxide. Long flexible needles
melting at 128°. Boils at 284-5° (cor.). Seareely
soluble in cold, more readily in hot, water ; gradu¬
ally eonverted by boiling with water into phthalie
aeid. Beadily soluble in alcohol and ether. Dis¬
solves in alkalis, forming phthalates. With am-

monia it yields phthalimide CeH4^^^^0,
and ammonium phthalamate .

Phosphorus pentachloride eonverts it into
phthalyl ehloride C8H4<^çq'2^>0. By treatment
with zine-dust and aeetic aeid it yields phthal-
ide C6H4<^q-^>0, diplithalylCJGH804, andother
compounds. It readily condenses with phénols,
forming the phthaleïns—a elass of colouring-
matters derived from triphenylmethane :

C6H4<°g>O + 2CeH5.0H
= C,H4^OH)2>0+HjO.

Phthalie anhydride is employed in the manu¬
facture of the phthaleïns. The commercial
product should be free from phthalie aeid, and
should melt at 128° ; it should give a clear
solution with benzene, and volatilise withont
residue. F. B. J.

PHTHALIC ANHYDRIDE v. Phthalic acid.

PHYSOSTIGMINE v. Oedexl beau; also,
Vegeto alkaloids.

PHYCITE. A substance found by Lamyin
Protoœccus vulgaris (A. Ch. [3] 35, 138), and
whieh he subsequently(A. Ch. [3] 51,232)showed
to be identical with erythrol (q. v.).

PICAMAR C10H14O8 is easily obtained from
wood tar; preferably from birch tar, which
contains it in largest quantity. It is isolated
by means of its potassium eompound, which is
purified by recrystallisation and decomposed
by an aeid ; is a colourless, highly-refracting
oil ; b.p.290° (eor.) ; and of sp.gr. 1-10228 at 15°.
It has a bitter taste, savouring of pepper-
mint, and a charaeteristic smoky smell. It is
only slightly soluble in water, but freely soluble in
alcohol and aeetic aeid. Its most charaeteristic
réactions are the intense blue-green colouration
which it gives with ferrie ehloride in alcoholic
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solution, and the insoluble compounds it forms
witli the alkalis and alkaline earths. Heated
»ith hydrochloric acid at 140e1 it is deeomposed
with formation of methyl chloride, and a crystal-
line product (m.p. 80°) identical in composition
and properties with the substance similarly ob-
tained by Hofmann (B. 11, 329) from dimethyl-
propylpyrogallol. This resolution of picamar
may be expressed by the équation

C,„Hu03 + HC1 = 0,11,A+ CH3C1.
Thediaceto-derivative 0,011,2(021130)20313 easily
obtained by boiling picamar (one part) with
acetic anhydride (two parts) for two hours.
Kecrystallised from alcohol, it is obtained in
long colourless needles (m.p. 83°). This is con-
verled by the action of bromine into the dibromo-
derivative C,„H,0Br2(C2H3O)2Os. The potassium
compound of picamar C10H,,,KzO3 is easily ob¬
tained by the addition of alcoholic potash to the
alcoholic solution of the substance. The above
results indicate that picamar is the monomethyl
derivative of a higher homologue of pyrogallol,
probably propylpyrogallol, and may be repre-
sented therefore by the constitutional formula :
CjHj.CjHj.OMefOIA (v. Wood, destructive dis-
imiiTioN or).

PICENE. Picene is contained in the least
volatile portions of the residues from the recti¬
fication of petroleum. It is one of the least
soluble constituents, and is best obtained by
continuai boiling with heavy coal-tar oils and a
small quantity of strong sulphuric acid. Picene
foims small colourless lamellœ, slightly affected
by ordinary solvents, the best being aniline,
toluene, and the heavy coal-tar oils. Fuming
Bulphuric acid dissolves it with emerald-green
colouration ; ordinary sulphuric acid acts in the
same way. If in the latter case heat be gradu-
ally applied the colour of the solution changes
irom blue to greyish blue, and finally, at the
boiling-point, to deep grey. It forms conjugated
sulpho- acids, characterised by the beautiful blue-
green fluorescence of their aqueous solutions.
Picene melts at 335° to 337°C., and boils at 518°
to 520°C. Its vapour density is 9-77, the
formula CAI,, requiring 9-56. With picric acid
it forms a red crystalline compound, easily
deeomposed by water and alcohol. It is an
orange-red crystalline powder, which, on heating,
is partly deeomposed and partly volatilised in
the form of thin needles. The latter melt at
190°C., are insoluble in water and sodium
bisulpbite, but easily soluble in cold sulphuric
acid. When strongly heated with zinc-dust,
picene is obtained, and at a lower température
picene-oxide, a yellow body which resembles
picene, melts at 290°, and lias the formula
CJSK0. Bibromopicene C„2H12Br2 is obtained
by brominating a solution of picene in chloro-
form. It forms long white needles, melting at
294° to 296°C.

PICOLINE v. Bone oïl.

PICOLINIC ACID v. Bone oïl.

PICRIC ACID. Ordinary trinitroplienol.
CjHjfNOJjOH [0H:N02:N0,:N02 = 1:2:4:6].

Picric acid was first obtained by Woulfe in
1771 by the action of strong nitric acid upon
indigo; Welter (A. Ch. [1] 29,301) subsequently
prepared it by treating silk with nitric acid, and
the product of these two réactions was subse¬
quently more closely investigated by Liebig

(Pogg. 13, 191; 14, 66; A. 9, 82), by Dumas (A.
Ch. [1] 53, 178 ; [8] 2, 228), and by Laurent
(A. Ch. [3] 3, 221), who showed it to be trinitro-
phenol, and identified it with the product of the
action of nitric acid on phénol and dinitro-
phenol.

Préparation.—Picric acid can be prepared by
the action of nitric acid on a large number of
substances, as, forexaniple, indigo (Woulfe), aloes
(Schunck, A. 39, 7 ; 65, 234 ; cf. Marchand, J. pr.
44, 91), salicine (Piria, A. 56, 63), Botany Bay or
aearoid resin—the resin of Xanthorrhœa hastilis
(Stenhouse, Meru. Chem. Soc. 3, 10 ; Bolley,
W. J. 1858, 460 ; Wittstein, D. P. J. 216, 272),
gum benzoïn (Lea, Silliman's Amer. J. [2] 26,
381 ; Kopp, A. Ch. [3] 13, 233), silk, wool,
leather, and other substances of complex com¬
position. It is also formed by nitrating phénol
(Laurent), ortho- and para-nitrophenol (Kôrner,
Z. 1868, 323), 1:2:4- and l:2:6-dinitrophenol
(OH in 1) (Hiibner, Schneider, and Henking, Z.
1871, 528), and phenolsulphonic acid (Schmitt
and Glutz, B. 2, 52).

Picric acid was formerly manufaetured from
aearoid resin ; Laurent's discovery of the fact
that it forms the end product of the nitration of
phénol led, however, to the adoption of this
method for its production. At first impure
phénol, b.p. 160-190°, was empioyed (Balard,
W. J. 1862, 585), but this was soon replaced by
the pure erystallised substance which is now
very largely used.1 To avoid the violent reaction
which ensues on nitrating phénol, and to lessen
the amonnt of resinous by-products, it is nsual
to sulphonate the phénol in the first instance, and
then act on the resulting phenolsulphonic acid
with nitric acid. According to Marzell (C. N.
37, 145), equal weights of pure erystallised
phénol and sulphuric acid (sp.gr. = 1-843) are
heated by steam at 100° in large iron vessels
provided with meclianical stirrers, and the action
is allowed to continue until a test specimenis com-
pletely soluble in water ; strong nitric acid (4 -5 mol.
prop. to 1 mol. phénol) is then gradually added
to the cooled product, which is kept well stirred
until the réaction is complété. In some works
the nitration is conducted in a second vessel,
the phenolsulphonic acid being first diluted with
twice the quantity of water, and then added
gradually to the strong nitric acid contained 111
a stoneware vessel. In either case the picric
acid is obtained as an oily, syrup-like mass,
yielding large erystals on cooling ; these are
broken up, separated from the mother-liquor
either in a filter press or centrifugal machine,
washed once or twice with cold water, and then
recrystallised from water containing about 1 p.c.
of nitric acid, or A; p.c. of sulphuric acid. In
this way much of the accompanying resinous
matter is removed and the acid is further puri-
fied by conversion into sodium sait, insufficient
soda-ley or sodium carbonate solution (Lea,
Silliman's Amer. J. [2] 32, 182) being added in

1 E. de Lom de Berg lias patented a method for the
préparation of picric acid from crude phénol (Germ. pat.
51603 of June 9,1889 ; Eng. pat. 18904 of 1889). The crude
material is either fractionally sulphonated—the first frac¬
tions consisting of phenolsulphonic acid, which is subse¬
quently nitrated—orconverted wholly into sulphonic acid,
and. the mixture of sulphonic acids fractionally nitrated,
the last fractions consisting of picric acid. No détails
liave transpired as to tlie value of the method.
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the first instance in ordeir to bring about the
séparation o£ the remainder of the resinous
matter. The filtered liquor is then rendered
distinctly alkaline, whereby practically the
whole of the sodium picrate is precipitated,
owing to its insolubility in the alkaline liquid,
and the precipitate is pressed, washed with cold
water, and finally decomposed by adding an
excess of sulphuric acid to its solution in boiling
water—an excess of acid being employed,
inasmuch as picric acid is practically insoluble
in a solution of sodium bisulphate.

An increased yield of picric acid is said to be
obtained by heating phénol with pyrosulphuric
acid at 100-110°, and nitrating the resulting
phenoltrisulphonic acid at 100° by the graduai
addition of the ealculated quantity of sodium
nitrate (Eisenmann and Arche, Germ. pat. 51321
of May 8, 1889 ; Eng. pat. 4539 of 1889).

Properties.—Picric acid crystallises from
water or alcohol in lustrous, bright-yellow scales
or prisms, melts at 122-5°, and sublimes when
cautiously heated but explodes if heated rapidly.
It is sparingly soluble in cold, but more readily
soluble in hot water, 1 part of the acid dissolving
in 166 parts of water at 5°, 86 parts at 15°, 81
parts at 20°, 77 parts at 22-5°, 73 parts at 26°,
and 26 parts at 77° (Marchand, J. pr. 44, 92).
It dissolves in benzene to the extent of 8-10 p.c.
at the ordinary température (Fritzsche, J.pr. 73,
282), and is also readily soluble in alcohol and
ether. The acid has a very bitter taste, gives
an acid reaction with litmus, and is poisonous.
When boiled with bleaching powder solution it
yields chloropierin and chloranil (Stenhouse,
A. 66, 241), and when heated with concentrated
aqueous alkalis it is decomposed, with the pro¬
duction of hydrogen cyanide and aminonia
(Post and Hiibner, B. 5, 408).

Beactions.—A sériés of réduction products
can be obtained by treating picric acid with
various redueing agents—thus ferrous salts or
alcoholic ammonium sulphide couvert it into
dinitramidophenol or picramic acid (Girard,
C. R. 36, 421), formally used as a brown dye for
silk and wool (Dollfus, D. P. J. 229, 108),
aqueous ammonium sulphide reduces it to
diamidonitrophenol (Griess, A. 154, 202), whilst
tin and hydrochloric acid reduce it to triamido-
phenol, which is characterised by yielding a
deep-blue colour when its aqueous solution is
oxidised with ferrie chloride (Roussin, W. J.
1861, 536).

Addition of potassium cyanide to a hot
aqueous solution of the acid converts it into
picrocyanic or isopurpuric acid (Hlasiwetz, A.
110, 290 ; Zulkowsky, W. J. 1868, 661 ; Kopp,
B. 5, 644), formerly used in the form of ammo¬
nium or potassium sait, under the name grenat
soluble, as a brown or reddish-brown dye for silk
and wool.

Picric acid yields sparingly soluble or in¬
soluble compounds with organic bases (cf.
Smolka, M. 6, 917) and alkaloids, and, moreover,
combines with many aromatic hydrocarbons,
diphenyl being a noteworthy exception, forming
moleeular compounds which vary in their
stability towards alcohol, and are readily de¬
composed by ammonia into their constituents
(Fritzsche, l.c. ; Berthelot, Bl. 7, 30; Nôlting
and v. Salis-Mayenfeld, B. 15, 1862).

Détection.—Picric acid is not volatile with
steam, and can readily be detected by its bitter
taste, the sparing solubility of its potassium
sait, and its property of dyeing fibres and tissues
of animal origin—e.g. silk, wool, the skin, de.—
yellow. Solutions of potassium cyanide (forma¬
tion of isopurpuric acid) and potassium sulphide
(formation of picramic acid) give, with picrio
acid in aqueous solution, red colourations which
beeome yellow on great dilution (delicacy of test
1 part in 4000), but the most delicate test is
the green crystalline precipitate produeed by
ammonio-sulphate of copper, which will detect
1 part in 5000 (Lea, Silliman's Amer. J. [2] 32,
182 ; cf. Christel, Fr. 23, 91).

Picric acid may be quantitatively estimated
by précipitation with acridine, since acridine
picrate is very sparingly soluble in cold water
(Ansehiitz, B. 17, 439).

Adultérations. -Commercial picric acidsome-
times contains impurities, which either ave by-
products— e.g. resin, oxalic acid, &-c.—formel
in its manufacture and insufficiently removed by
washing, or are fraudulent additions. According
to Winckler (W. J. 1858, 461), the following im¬
purities may be recognised thus—(1) resin:
dissolve 1 part of picric acid in 60 parts of boil¬
ing water, add 535g of the weight of sulphuric
acid and filter. Any resin will be left behind on
the filter paper. (2) Oxalic acid : examine the
specimen mieroscopically, or dissolve 1 part in
100 parts of water, and estimate the amount by
precipitating with ammonia and calcium chloride
solution. (3) Nitre, or sodium sulphate: treat
with alcohol to dissolve the picric acid présent,
and examine the saline residue by the ordinary
method. (4) Sugar : neutralise witb potassium
carbonate, evaporate to dryness, and extract the
sugar by repeated treatment with alcohol ; then
examine the alcoholic extract for sugar in the
usual way.

Casthelaz (C. N. 15,140) states that common
sait and alum are sometimes nsed as adultérants
in addition to the foregoing, and treats the
specimen with benzene or ether, which extract
the whole of the picric acid, but do not dissolve
the oxalic acid and various salts which may be
présent.

Uses.—Picric acid bas the property of dyeing
animal fibres and tissues directly in an acid
batb, but is not fixed by cotton or other vege-
table fibres, unless previously mordanted with
albumen or with a mixture of aluminium and
magnésium acetates ; hence it is sometimes used
as a means of detecting cotton in undyed silk
or woollen fabries. Its tinctorial powers are
great, and it produces on silk and wool a clear,
brigbt yellow, which, compared with most other
yellows, appears to have a greenish shade ; but,
owing to the colour being fast neither to light
nor washing, picric acid is now but little used
as a yellow dye, although it is frequently em¬
ployed to produce compound colours with such
dyesasbenzaldehyde-green.methyl-violet, indigo-
carminé, &c.

Salts.—Picric acid is a strong monobasic
acid, and forms well characterised and for the
most part sparingly-soluble salts, whick are
yellow or reddish-yellow in colour. Ammonium
picrate, C6H2(N02)30NH.[, crystallises in bright-
yellow scales or prisms, and is soluble in water
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bit sparingly soluble in aleohol ; sodium picrate,
C,H;(NO,,)3ONa, forms slender yellow needles,
and is soluble in 10-14 parts of water at 15°,
though almost insoluble in sodium carbonate
solution ; potassium picrate, CeIl,(N 02)30K, crys-
tallises in yellow prisms, and dissolves in 440-8
parts of water at 0°, and 273'3 parts at 20°
(Frisch, J. pr. 100, 229), in 340-46 parts of water
at 0°, and 228-17 parts at 15° (Post and
Mehrtens, B. 8, 1554), in 14 parts of boiling
water, and in 1138 parts of 90 p.c. aleohol at 0°
and 735-6 parts at 20° (Frisch) ; lead picrate,
(CiH.(N02).,0)2Pb + H20, crystallises in brown
needles and dissolves in 170-35 parts of water at
0°,and 113-17 parts at 15° (Post and Mehrtens).
The metallic picrates have been described
by Marchand (J. pr. 23, 363 ; 32, 35), Lea
iSilliman's Amer. J. [2] 26, 381) and Millier
(Z. 1865, 189). See also Watts' Dictionary, 4,
403 (1866 éd.).

Use as an explosive.—Picriç acid is usually
said to explode on lieating, but Berthelot has
pointed out (C. R. 105, 1159) that this is only
true when very small quantifies at a time are
suddenly heated, for when heated in any
quantity the acid melts and gives off vapours
vrhich burn with a luminous flame without ex¬

plosion ; picric acid, moreover, does not under
ordinary conditions explode by percussion. The
picrates, on the other hand, are readily exploded
by heating or percussion, and have been em-
ployed as explosives—lead picrate, for example,
being used for filling percussion caps (Prat, J.
1874,1124). Picrates, however, do not contain
snfficient oxygen for their complété combustion,
and hence mixtures of potassium or ammonium
picrate with either nitre or potassium chlorate
bave been employed (W. J. 1871,318)—Brugère's
picrate powder, for example, consisting of 54 p.c.
ammonium picrate and 46 p.c. potassium nitrate
(C. E. 69,716). The volumes of gas liberated by
the explosion of lead, strontium, barium, and
potassium picrates respectively, and of mixtures
of potassium picrate with 45 p.c. of nitre or 50
p.c. of potassium chlorate, have been measured
byBouxand Sarrau (C. R. 77, 478; 79, 757), and
the volume and composition of the gas, together
with the composition of the residue produeed by
the explosion of potassium picrate under varying
pressures, have been determined by Sarrau and
Vieille (C. R. 93, 61). The température of ex¬
plosion of lead, mercury, and iron picrates is
296°, that of potassium, ammonium, and mag¬
nésium picrates and of picric acid is 336°
(Leygue and Champion, C. R. 73, 1478).

Mixtures of picric acid and various oxidising
agentshave been proposée! as explosives. Thus a
solution of 58-3 parts of picric acid and 41-7
parts of nitric acid (sp.gr. —1-5) explocles with
great violence and without smoke when fired
with a detonator (Sprengel, C. J. 1873, 800),
and mixtures of analogous composition stiffened
with asbestos have been patented by Punshon
(Eng. pat., 2242 of 1880, 11432 of 1885) whilst
Tschirner has patented an explosive consisting
of 1 part picric acid, 1 part coal-tar, and 5 parts
potassium chlorate (or potassium permanganate
in about the saine proportion), which is fired by
percussion caps (Germ. pat. 15508 of Feb. 6,
1880). These mixtures with oxidising agents
have the double effect of decreasing the force

of the explosion, and at the same time in-
creasing the sensitiveness of picric acid to détona¬
tion. Mélinite, one of the most powerful explo¬
sives invented, is said to consist solely of com-
pressed picric acid. According to Turpin
(Eng. pat. 15089 of 1885 ; Germ. pat. 38734 of
Jan. 12, 1886 ; Zeit,. ftirChem. Ind. 1,193) picric
acid, when obtained in masses (1) by compres¬
sion, (2) by admixture with gum arabic solution
or with a suitable fat or oil, or (3) by admixture
with 3-5 p.c. of collodion, can be exploded in
elosed vessels by 1-3 grms. of silver fulminate.
The best results' and the greatest insensitiveness
are attained by fusion of the acid, sinee a mass
of fused picric acid eannot be exploded in the
open air by détonation with 3 grms. of silver
fulminate introdueed into the interior, although
shells, torpedoes, &e.,filled with liquid picric acid
(fused at 130-145°), and cooled slowly, can be
exploded by a charge of quick-burning gunpowder
or a priming of picric acid powder detonated by
1-5 grms. of fulminate, the explosion being one
of the most destructive known.

PICRIN v. Digitalis.
FICROCROCIN v. Glccosides.
PICROCYANIC ACID v. Isopurpcric acid.

PICROGLYCION v. Dulcamara.
PICROPODOPHYLLIC ACID and PICRO-

PODOPHYLLIN v. Podophyllum resin, art.
Resins.

PICROSCLEROTIN v. Ergot of rte.

PICROTIN v. Picrotoxin.
PICROTOXIDE v. Picrotoxin.
PICROTOXIN. A poisonous crystalline com-

pound, somewhat allied in its physiological
action to strychnine, which oceurs in ' Cocculus
Indicus,' the small, berry-like fruit of Anamirta
paniculata (Colebrooke, Bentl. a. T. 14), a climb-
ing shrub of Eastern India and the Malayan
islands. The drug does not find much favour
in Western medicine, but is employed in India.
Here it is better known for its power of stupefying
fish and eausing them to rise to the surface of
the water in a state of intoxication, and as a

reputed adultérant of malt liquors. On account
of its poisonous properties, it sometimes becomes
necessary to search for it in beer.

The small, black, ovoid fruit consists of a
rough, tasteless pericarp, inclosing a reniform
seed, which has an oily and bitter taste. The
pericarp does not contain picrotoxin, but Pelle¬
tier and Couerbe isolated from it two crystalline
compounds : menispermine, a base, which melts at
120° and forms a crystalline sulphate, and para-
menispermine, a neutral constituent which melts
at 250°, together with a brown mass, hypopicro-
toxic acid, which softens at 100° (A. Ch. [2] 54,
196). Half the weight of the seed is stearin. The
picrotoxin exists to the extent of 0-4 to 1-0 p.c.
It was discovered in 1812 by Boullay (J. Ph.
[1] 4, 5). Por résumé of work of Merck, Duflos,
Pelletier, and Couerbe, and others v. Gm. 14,
473.

To préparé picrotoxin, the method of Barth
(J. pr. 91, 155 ; J. 1863, 586) and Barth and
Kretschy (M. 1, 98) is usually followed. The
seed is exhausted with boiling aleohol, the solu¬
tion evaporated, and the fatty residue extracted
with water. The aqueous solution is then treated
with acetate of lead and filtered, and the filtrate,
after removal of excess of lead by means of
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sulpliurettecl hydrogen, is concentrated, when
crystals of impure picrotoxin separate. These
are purified by successive crystallisations from
benzene and from water. Sometimes the seed
is extracted \vith petroleum spirit in the place of
alcohol (Marck, Ar. Ph. [8] 26, 269).

According to Barth and Kretschy (Sitz. B. 81,
7 ; B. 13, 1243), crude picrotoxin is a mixture
of three compounds—picrotoxin, picrotin, and
anamirtin—which are separated by fractional
crystallisation from water and from benzene.
This is, however, disputed by Paternô and
Oglialoro (G. 10, 36 ; 11, 49 ; B. 14, 539), who
regard the compounds named as décomposition
products of a perfectly definite picrotoxin. Re-
taining the terni picrotoxin for the original
substance, these chemists propose pierotoxinin
as a name for the picrotoxin of Barth and
Kretschy. The decompiosition of picrotoxin is
thus explained : C3„H34013 (picrotoxin) = C15Hls07
(picrotin of B. a. K., previously called hydrate
of picrotoxide by P. a. 0.) + C13H1606 (piero¬
toxinin of P. a. 0., pictrotoxin of B. a. K.).
The conclusions of Paternô and Oglialoro are
supported by the investigations of Schmidt
and Lôwenhardt (B. 14, 817) and Schmidt
(A. 222, 313), while Barth and Kretschy have
replied maintaining their original view (M.
5, 65).

Crude picrotoxin, C30H3 lO13, the picrotoxin of
Paternô and Oglialoro and of Schmidt, consists
of brilliant rhombic prisms, which melt at 200-
201° (B. a. K.), 199-200° (Sch.). It is intensely
bitter and poisonous. It is very soluble in hot
water, alcohol, or benzene, and sparingly so in
ether or ehloroform. Alkalis dissolve it readily,
the solution being attended with complété de-
composition, even in the cold. Picrotoxin is
characterised by its reducing action on Fehling's
solution, or ammonio-nitrate of silver, by the
orange-red colour which it develops when warmed
with concentrated sulphurie aeid, and by a similar
colour reaction which appears when it is mixed
with nitre and concentrated sulphurie aeid,
and potassium liydroxide is added in excess
(Langley, J. 1862, 628; cf. B. a. K., M. 2, 803).
Picrotoxin forms compounds with many alka-
loids (P. a. O.).

By the action of acetyl chloride in the cold
picrotoxin is converted into picrotoxid, C]5H,„06,
whichmelts at 310° (P. a. O.), 225° (Sch.), and is
insoluble in most solvents (P. a. O., B. 10, 83, a.
1100), together with acetylpicrotin (Sch.).
Picrotoxid, or isoprotoxid, and picrotin are also
produced by the action of hydrochloric aeid on
picrotoxin in ethereal solution (P. a. O.). When
a chloroformic solution of picrotoxin is allowed
to stand in the cold, or a solution in water or
benzene is heated, the picrotoxin gradually
breaks up into picrotin and pierotoxinin (P. a. O.,
Sch.). Picrotin C,5Hls07 (P. a. O.), C25H30O,2
(B. a. K.), occurs in the seed in larger propor¬
tion than picrotoxin. It crystailises with vary-
ing amounts of water. Heated to 245°it darkens,
and melts at 250-251°. It reduces Fehling's
solution and ammonio-nitrate of silver. It
possesses a bitter taste, but is not poisonous.
Caustic potash décomposés it, but its solution
in benzene or ehloroform is unaffected by boiling
or by hydrochloric aeid. It forms crystalline
acetyl and benzoyl derivatives (P. a. O., B. 12,

685; G. 11, 51; B. a. K., B. 13, 1243; Sch.).
Pierotoxinin, C,3H16Ofi, H20, the ' picrotoxin' of
Barth and Kretschy, is also formed in the ré¬
action between acetyl chloride, hydrochloric
aeid, or bromine and picrotoxin (Schmidt). In
the case of bromine a bromopicrotoxin C,5HuBrO(
results, which melts at 250-255° (P. a. O., B. 10,
1100 ; Sch.). Pierotoxinin crystailises in rhom¬
bic tables, which beeome anhydrous at 100° and
melt at 200-201° (Sch.). It is bitter and ex-
ceedingly poisonous. It dissolves readily in hot
water, benzene, alcohol, ether, and ehloroform.
Réduction and colour tests are given by piero¬
toxinin very similar to tliose obtained from picro¬
toxin. With benzoyl chloride it yields a crystal¬
line benzoyl derivative, which melts at 237-238°
(Sch.). Anamirtin C,sH240,6 occurs in smallpro¬
portion in the seed, and collects in the aqueous
mother-liquors in the préparation of picrotoxin.
It is distinguished by its sparing solubility in
ehloroform and benzene. It is not bitter, is not
poisonous, and does not reduce Fehling's solution
or ammonio-nitrate of silver. Heated, it chars
without melting at 280° (B. a. K.).

Cocculin C,„H260,„ is another constituent of
the seed, discovered by Lôwenhardt (A. 222,353),
and oecurring only in small proportion. It is
found in the alcoholic mother-liquors in the pré¬
paration of picrotoxin. It crystailises in needles,
is difficultly soluble in hot, and insoluble in cold,
water, alcohol, and ether, and does not give the
colour reactions of picrotoxin.

For the détection of picrotoxin in beer the
cliemical reactions are not of mueh use. Extracts
are prepared which are tested physiologically
(cf. Langley, Am. S. [2] 34, 109 ; Schmidt, J.
1862, 629 ; Kôhler, J. 1868, 796 a. 893 ; Blas,
J. 1872, 936; Depaire, J. 1872, 946; Palm, îr.
24, 556). A. S.

PICR0T0XININ v. Pickotoxin.
PICRYL BROWN. Acolouringmatterbelong-

ing to the class of yellow, orange-yellow, andhrom
dyes introduced by Nôlting and v. Salis-Mayen-
feld, and obtained either by sulphonating nitro-
derivatives of secondary and tertiary aromatic
aminés, or by the action of such compounds
as dinitroehlorobenzene, trinitrochlorobenzene
(picryl chloride), chlorotetranitronaphthalene,
&c., on the sulphonic aeids of aromatic aminés
(Germ. pat. 2226S of Aug. 31, 1882, expired Jan.
1887; W. J. 1883, 545). It is prepared (1) by
sulphonating trinitrodipbenylamine (cf. Towns-
hend, B. 7, 1249) with 2J times its weight of
40 p.c. anhydrosulphuric aeid, or with 5 times
its weight of sulphurie aeid of 6G°Bé., or (2)
by boiling a concentrated aqueous solution of
3 parts sulphanilic aeid, 3 parts picryl chloride,
and 2| parts of sodium acetate. Picryl brown
is soluble in water, and in an aeid bath dyes silk
and wool yellow.

PIGMENTS. A pigment is a powdered sub¬
stance used as a colour. When mixed with a

médium it constitutes a paint. The oldest
examples of pigments are those discovered in
the paintings of the Egyptians, who confine!
themselves to the use of red, yellow, green, blue,
black, and white. To the Egyptians the Greeks
owed their knowledge of painting, practised by
them in its brightest period under Zeuxis and
Apelies, 450-350 b.c., and in its décliné under
the Roman incursions.
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■Composition of Ancient Pigments.
Egyptian and Assyrian Pigments.

Red. Ochre and cinnabar.
Yellow. Ochres and orpiment.
Grec». Mixtures of yellow with copper-blue.
Elue. The ' Alexandria blue ' (a silicate of

copper and lime), and probably also lapis-lazuli
(ultramarine) (v. Egyptian blce, vol. ii.).

Black. Carbonaceous substances and black
eartbs.

White. Chalk and plaster of Paris.
Grcek and Roman Pigments.

Red. Ochres, cinnabar, red lead, and a pink
llke of nnknown origin.

Yellow. Ochre and orpiment.
Green. Mixtures of yellow with copper-blue.
Blue. Alexandria blue, lapis-lazuli, and

indigo.
Purple. ' Grecian,' or ' Tyrian purple ' (v.

îIcbex; also Punicin).
Broicn. Ochres and oxide of manganèse.
Black. Carbonaceous substances.
IVliite. Chalk.
Hence it will be seen that the colours which

lemain to tkis day are almost entirely minerai
substances. If, as probably was the case, vege-
table colouring matters were employed, these
bave decayed, leaving no trace. Whatever their
origin, however, the materials which were used
by the ancients, and those used by artists up to
quite recent times, were prepared by the artist
himself or under his own supervision in bis
studio ; but, as chemistry progressed, artificial
préparations were gradually discovered, and at
tbe présent time our most important pigments
are, almost without exception, artificial eom-
ponnds made by the colour maker.

I. The Générai, Pbopektif.s of Pigaients.

Colour. Generally each particle of a pig¬
ment may be regarded as a small transparent
body which colours light by sélective absorption ;
but, although the structural elements may be
transparent, a body composed of such parlicles
may be opaque. The effect of immersing a
cbromatically-coloured pigment in water is to
add to it richness of colour with a loss of lumi-
uosity, because the effect of such immersion is
to reduce the quantity of white light which is
refleeted from tbe surface of the particles. In
cil this is tbe more évident, in the proportion
tbat oil is more refractive than water. Conse-

quently, muck richer effects are produced by the
use of oil as a médium than by the use of water ;
thisgreater richness being, moreover, permanent,
since a dry film of oil remains refractive wliilst
uorefraction remains in water-colour after dry-
ing. On the other hand, water-colour is speeially
effective for depicting atmospheric effects and
for delicate colouring.

Transparency is the property which enables
us to see through a pigment, and is useful for
tbe représentation of shade.

Opacity, on the other hand, characterises
pigments which are used for the expression of
light.

Spécifie gravity is, of course, very variable
in différent pigments ; but it may be taken that

a distinct connection exists between high sp.gr.
and great opacity, as e.g. red lead = 9'1 : cadmium
yellow = 4'8.

Working property dépends upon the body
and texture of pigments.

Body is often taken to mean opacity, but is
more correctly defined as tinging power.

Crispness and setting-up are the qualifies
which retain a pigment in its place upon the
eanvas ; when these qualitie3 are absent, re¬
course is had to a gelatinous vehicle to confine
them.

Drying power. The drying of oil is a chemical
proeess whereby oxygen is absorbed from the
atmosphère. This proeess may be facilitated
or retarded by pigments. When the latter effect
is produced, driers are made use of in addition.
These are composed of the following substances :
For light colours—sugar of lead, litharge, and
sulphate of zinc ; for lalces—japanners' gold
size and boiled oil; for darker colours—man¬
ganèse and verdigris. Of these, the lead and
copper eompounds are destructive to the per¬
manence of colours.

II. Peemanehce.

Chemical change affecting pigmenta under
the ordinary conditions of painting is effected
in the following ways :—•

1. By the action of light.
2. By the action of oxygen and moisture.
3. By the action of the médium.
4. By the mutual action of pigments.
1. Action of light. Light acts principally on

pigments of organic origin and on the more un-
stable of the inorganic pigments. Molécules
which are complex in structure, or which do not
cohere by marked chemical affinity, are disin-
tegrated by the vibrations of light ; but, except
to a slight extent and in the case of a limited
number of colours, only when some moisture is
présent. In vacuo hardly any colour is acted
upon by light. This action is more marked in
water-colour than in oil.

2. Action of the atmosphère. This oonsists
in the effects of oxygen and moisture présent in
pure air ; and, added to these, the effects of
sulphurous and sulphuric acids in polluted at¬
mosphères ; and it is mainly in relation to the
ability of pigments to resist these agencies
that their relative permanence must be con-
sidered.

In a 'Beport to the Science and Art De¬
partment on the Action of Light on Water-
Colours,' prepared in 1888 (Blue Book, C, 5453)
by Dr. Bussell, F.B.S., and Captain Abney,B.E.,
F.B.S., some interesting results are tabulated.
From experiments, in which colours were
'subjected to conditions similar to thpse to
which pictures are subjected, but to an exag-
gerated extent,' it was shown that in some cases
the colour entirely disappeared. In the majority
of cases only a part of the colour disappeared,
the thinner washes fading out; but the following
pigments remained unchanged : Indian red,
Yenetian red, burnt sienna, chrome yellow,
lemon yellow, raw sienna, terre verte, chromium
oxide, Prussian blue, cobalt blue, French blue,
and ultramarine ash. The following table shows
approximately the order of instability of the
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single colours under the conditions described,
beginning with the most fugitive :—

1 Carminé
2 Crimson lake
3 Purple madder
4 Scarlet lake
5 Payne's grey
6 Naples yellow
7 Olive green
8 Indigo
9 Brown madder

10 Gamboge
11 Yandyck brown
12 Brown pink
13 Indian yellow
14 Cadmium yellow
15 Leitch's blue
16 Violet carminé
17 Purple carminé
18 Sepia
19 Aureolin
20 Bose madder

21 Permanent blue
22 Antwerp blue
23 Madder lake
24 Vermillon
25 Emerald green
26 Burnt umber
27 Yellow ochre
28 Indian red
29 Venetian red
30 Burnt sienna
31 Chrome yellow
32 Lemon yellow
33 Itaw sienna
34 Terre verte
35 Chromium oxide
36 Prussian blue
37 Cobalt blue
38 Prench blue
39 Ultramarine ash'

=

>°

Out of 34 mixtures tried, only three remained
unchanged from first to last ; but six mixtures
containing Prussian blue, altliough at first altered,
returned more or less to their original colour on
being placed in the dark for six weeks. This
curious recuperative property of Prussian blue is
frequently observed.

In another sériés of experiments on the same
pigments, the atmosphère to which they were
exposed was free from ail moisture. Thirty-eight
experiments were made with single colours ; but
under this altered condition 22 instead of 13
were found to be permanent, these being princi-
pally those colours which in the first experiment
were only slightly faded. In two cases (viz.
brown madder and Prussian blue) the colour
when exposed to ordinary air was not acted upon,
whilst in dry air it was. The colours which
were unchanged in dry air but were acted upon
in ordinary air were madder lake, cadmium
yellow, Naples yellow, emerald green, olive
green, Payne's grey, sepia, and burnt umber.

In a third sériés of experiments the colours
were exposed to air fully saturated with moisture.
Out of 37 single colours only 10 withstood the
action of light under this condition ; these were
Indian red, Venetian red, burnt sienna, yellow
ochre, raw sienna, emerald green, terre verte,
chromium oxide, cobalt, and ultramarine ash.
Twenty-nine mixtures were also tested in a simi-
lar way, of which only two remained unchanged,
viz. raw sienna with Venetian red, and cobalt with
Indian red.

To eliminate the effeet of oxygen a further
sériés of experiments was made, in which 36
single colours were exposed in an atmosphère of
moist hydrogen gas. Of these no less than 22
remained unchanged; even carminé and crimson
lake did not alter—neither did madder lake,
Indian red, Venetian red, brown madder, burnt
sienna, chrome yellow, yellow ochre, raw sienna,
terre verte, chromium oxide, olive green, indigo,
cobalt blue, Prench blue, ultramarine, permanent
blue, Payne's grey, sepia, Vandyek brown, and
burnt umber.

Another sériés of experiments was made, in
which the air and moisture were, as far as pos¬
sible, removed by an air-pump from glass tubes

in which the coloured papers were hermetically
sealed. In this sériés 39 single colours were ex-
posed to light in vacuo, and hardly any colour
was acted upon. Violet carminé and purple car-
mine slightly darkened ; Prussian blue and
purple madder and sepia slightly bleached, but
in ail cases the action was very feeble. Twenty-
four experiments were made with mixed colours;
hardly any change occurred in these, with the
exception that vermilion blackened, and in mis.
tures containing Prussian blue the other colour
became dominant.

In order to show at a glance the différent
effect produced by the action of the surrounding
médium on colours exposed to light, the table on
the following page is given. Under the heading
of 'Altered' are ineluded changes ranging from
a very small destruction of colour to a very con¬
sidérable one, and the classification is conse-

quently only approximate.
Exposed to an arc light of an illuminating

value of 2,000 candies at a distance of one foot
for eighty-four hours, whether placed in a frame
with glass in front or under the most favourable
conditions for fading—viz., in sealed tube with
moist air—those single colours selected as most
easily acted upon underwent no change with the
exception of crimson lake (bleached and more
red) and carminé (bleached and more red);
whilst, among mixtures, Prussian blue, yellow
ochre and Vandyek brown, Prussian blue and
raw and burnt sienna, and Prussian blue and
burnt sienna, ail became slightly browner; the
other mixtures remaining unchanged. Exposed
to gaslight, in a closed cupboard, for three
weeks continuously, no colour experimented
upon showed any material change. Crimson
lake was slightly bleached, madder lake became
a little redder, and Antwerp blue and Prussian
blue a shade greener. Exposed to the rays of
light falling respectively through red, green, and
blue glass, the altération was very slight in the
case of the first two, and nearly, but not quite,
approached the effect of white light in the case
of the last-named, clearly showing that it is the
blue end of the spectrum which is active in pro-
ducing the fading of colours.

The conclusions drawn from these experi¬
ments are (a) that minerai colours are far more
stable than vegetable colours ; (b) that the pré¬
sence of moisture and oxygen is, in most cases,
essential for a change to be effected even in the
vegetable colours ; (c) that the effect of light on
a mixture of colours which have no direct
chemical action on one another is that the
unstable colour disappears and leaves the stable
colour practically unaltered ; (d) that the more
refrangible rays produce by far the greatest
change in a pigment, and that these, for equal
illumination, predominate in light from the sky ;
whilst they are less in sunlight and diffuse!
cloud light, and are présent in comparatively
small proportion in the artificial lights usually
employed in lighting a room or gallery. ' The
experiments have also shown that about a cen-
tury of exposure would haveto be given towater-
colour drawings in galleries, lighted as are those
at South Ivensington, before any very rnarked
détérioration would be visible in them if painted
with any but the more fugitive colours; and
that when the illumination is of the same quality
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Single colours.

Moist air Dry air Vacuum

No change No change No change
Indian red. Indian red. Indian red.
Venetian red. Venetian red. Venetian red.
Burnt sienna. Rose madder. Carminé.
Yellow ochre. Madder lake. Crimson lake.
Kaw sienna. Aureolin. Scarlet lake.
Emerald green. Chrome yellow. Rose madder.
Terre verte. Cadmium yellow. Madder lake.
Chromium oxide. Yellow ochre. Brown madder.
Cobalt. Naples yellow. Burnt sienna.
ïïltramarine ash. Raw sienna. Gamboge.

Emerald green. Aureolin.
Terre verte. Chrome yellow.
Chromium oxide. Cadmium yellow.
Olive green. Yellow ochre.
Cobalt. Lemon yellow.
Freneh blue. Naples yellow.
Ultramarine ash. Indian yellow.
Permanent blue. Emerald green.
Payne's grey. Terre verte.

Sepia. Chromium oxide.
Burnt umber. Olive green.
Burnt sienna. Antwerp blue.

Indigo.
Cobalt.
French blue.
Ultramarine ash.
Vandyck brown.
Burnt umber.
Brown pink.

Attend Altered Altered

Scarlet lake. Carminé. Raw sienna (slightly darkened).
Yermilion (black). Scarlet lake. Prussian blue (slightly darkened).
Eose madder. Vermilion (black). Violet carminé (darker).
Madderlake. Brown madder. Purple carminé (darker).
Brown madder. Gamboge. Purple madder (very slightly faded).
Gamboge (very slightly). Indian yellow. Sepia.
Aureolin. Antwerp blue. Vermilion (blaekened).
Cadmium yellow. Prussian blue.
lemon yellow. Indigo.
Naples yellow. Leitch's blue.
Indian yellow. Violet carminé.
Olive green (brown).
Indigo.

Purple carminé.
Purple madder.

Frencb blue. Vandyck brown (very slight).
Permanent blue. Brown pink.
Payne's grey.
Violet carminé (brown).
Purple carminé (brown).
Purple madder.
Sepia.
Burnt umber (very slight).
Brown pink.
Yandyck brown.

Destroyed Destroyed Destroyed
Carminé. None. None.
Crimson lake.
Antwerp blue.
Prussian blue.

as that of gaslight, or of the electric glow light years would have to be given to produce the
rendered normally incandescent, andof the same sarne results.'—(Report.)
intensity as that employed in those galleries, 3. Action of the médium. Oil in drying ab-
an exposure to be reckoned by thousands of sorbs oxygen in considérable guantity from the

IRIS - LILLIAD - Université Lille 1



240 PIGMENTS.

air, and sometimes from the pigment itself,
if reducible. Thus chromâtes are apt to turn
green in oil. The unscientific use of driers
is a fruitful source of destructive action, and
where the composition of siccatives is unknown
they should be regarded with suspicion. Water-
colour is necessarily free from this danger, for
the drying of water-medium is simply a question
of evaporation and the solidification of dissolved
gums, and no chemical change takes place ; so
that, assuming proper pigments to have been
selected, it is probable that Euskin (agreeing
with Sir J. D. Linton) was right when he said
that ' properly taken care of, as a well-educated
man takes cave of his books and furmture, a
water-colour drawing is safe for centuries.'

4. Action of pigments on eacli other. Since
little if any chemical action is set up by solid sub¬
stances acting on each other, it follows that little
if any change iseffected bytwo pigments beingim-
mersed in a médium, providedthese are insoluble
in that médium. As, however, few pigments are
absolutely insoluble, the least possible mixing of
colouring matters is to be preferred. Conse-
quently, the practice of grinding pigments with
each other, whereby chemical action is facili-
tated, is more dangerous than the plan of mix¬
ing such pigments on the palette. At the same
time, most of our pigments being inorganic, are
soluble in water rather than in oil ; so that oil
is preferred as the médium which will best iso-
late the particles, whilst turpentine, on account
of its greater fluidity as compared with oil, re-
ducing the value of oil as an isolating agent, is
sparingly used. It is reeommended, therefore,
in practice, with a view to permanence, that
a copious supply of différent pigments should
be chosen rather than an excessive reliance on
the mixture of a few.

III. Origin.

1. Pigments of minerai origin. This elass
comprises : (a) Native earths, such as ochres,
umbers, and siennas. They are of great dura-
bility and require no préparation except, washing,
grinding, and, in some cases, calcining. (b) Ar-
tifieial pigments by the dryproeess—i.e., by the
action of heat—such as the vermilions, cadm iums,
cobalt, smalt, &c. (c) Artifieial pigments by the
wet process—i.e., by précipitation from aqueous
solutions—such as aureolin, chrome yellows,
emerald green, white lead, &e.

2. Pigments of animal origin. This class
comprises such colouring matters as carminé and
the lakes obtained from the cochineal insect ;
Indian yellow, or euxanthate of magnesia, de-
rived from the urine of cows which have been fed
on mango leaves (v. Indian yellow), gallstone,
sepia, &c.

3. Pigments of vegetable origin. These are
chiefly lakes. A lake is a pigment prepared by
precipitating an animal or vegetable colouring
matter in combination with a metallic base,
usually alumina (v. Lakes). A carminé is that
lake which, in comparison with others prepared
from the same colouring matter, contains the
greatest proportion of colouring matter to metal¬
lic oxide—as, e.g., cochineal carminé, madder
carminé, &c., &c. Indigo, madder lakes, brown
pink, yellow lake, and Italian pink are obtained

from the glucosides, indican, rubian, rhamnin,
and quercitrin respectively.

IV. Classification under Colours of Pigsiexts
in ordinary use.

4Vhite.
Lead whites.—The principal lead whites are:

Flake wliite, Cremnitz or Kremnitz, Crems or
Krems white, and blanc d'argent, which are ail
carbonates of lead, and always contain more or
less of hydrated oxide of lead. Pure carbonate
of lead is opaque and beautifully white, but
has no great covering power. It also dries
rather slowly. The presence of the hydrated
oxide greatly increases its value as a pigment,
since it combines with the oil to form an elastic,
rapidly-drying varnish. On the other hand, the
opacity of the paint is decreased. It is con-
sidered that the proportion of hydrated oxide
should be about 25 p.c. The white leads are
superior to ail other whites in point of colour
and body, but unfortunately they are open to the
action of sulphuretted hydrogen. They are less
liable to this action when exposed to strong
light ; and, if tarnished by that gas, are restored
to whiteness by exposure to strong light. This
is the effect of oxidation, whereby the black
sulphide of lead becomes the white sulphate of
lead. In the same way water-colour draw-
ings in which the white has gone black may be
restored by treatment with a solution of peroxide
of hydrogen (v. Lead).

Aine whites comprise zinc wliite and Ghinesi
white.

Zinc white is either the anhydrous oxide,
the hydrated oxide, or the hydrated basic car¬
bonate of zinc. It does not approach white
lead in opacity, but may be relied on for per¬
manence, and, unlike white lead, it is innocuous.

Chinese white was introduced in 1834, and
supplied a want which was greatly felt by water-
colour painters. It is a préparation of oxide of
zinc, which works and washes well, and is beau¬
tifully white. It is not equally efficacious in oil.

Permanent white or constant white is sul¬
phate of barium. It is a fair water colour, but
is not so satisfactory in oil. Itis permanent and
innocuous.

Red.

Vermilions.—Native vermilion, which is
mercuric sulphide—and occurs as Ginnabar in
California, Peru, Spain, and China—is now corn-
mercially obsolète. Vermilion can be made both
by wet and dry processes, the latter being the
method usually adopted. It is prepared either
of a deep or pale colour. It is permanent, and
is eligible either in water, oil, or fresco, but can-
not be used in enamel, as it is volatile at a red
heat. It possesses great body, weight, and
opacity, and in its best kinds is of a powerful
vivid colour and more brilliant than ail reds
except the scarlet mercuric iodide.

Scarlet vermilion, extract of vermilion,
Chinese vermilion, orange vermilion, and
Field's orange vermilion, are ail similar pré¬
parations varying somewhat in hue and trans-
parency.

Pure scarlet is mercuric iodide. It has ail
the body and opacity of vermilion, and is as
much inferior to it in permanence as it is
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supcrior in brilliancy. It cannot be mixed
rith other metallic pigments without being
ntterly destroyed. It is rapidly blackened by
snlpbnretted bydrogen, and fades altogether
when exposed to light and air.

Bed chrome is a basie chromate of lead. It
isagood drier, but is blackened by sulpburetted
hydrogen.

Mars red, or rouge de Mars, is an artificial
iron ochre, very permanent, but requires to be
nsed cautiously with pigments affected by iron.

Light red is an ochre of orange russet liue.
It is prepared by calcining Oxford ochre. It
dries well, and is permanent.

7cnetian red is sesquioxide of iron, and is
prepared by calcining ferrons sulphate. It is
very permanent, but, like Mars red, should be
cautiously employed with pigments which are
affected by iron.

Indian red, once called ' Persian red,' is
bronght from Bengal. It is a natural earth, l'ich
in peroxide of iron. It is very permanent, and
agood drier.

Red ochre is one of themost ancient pigments.
Itis a native earth, and is perfectly permanent.

Cochineal lakes consist of the colouring
natter of tbe female cochineal insect preci-
pitated on an aluminous base. The colouring
natter of tbe cochineal insect is not in a free
state, but exists in the form of a glucoside called
arminic acid. By the action of acids, carminic
acid may be split np into carminé red and glu¬
cose (r. Glccosides).

Carminé is that préparation of cochineal
which contains the most colouring matter, and
the least aluminous base. Hence it is the
richest, deepest, and most intense of the cochi¬
neal lakes ; but is probably not, as usually stated,
the most permanent. It is, however, fairly
stable under favourable conditions ; but it will
not stand in tint with white lead, and in glazing,
thongh little affected by impure air, it is soon
discoloured and destroyed by the action of
light.

Orimstm lake is a cochineal lalce containing
more aluminous base than carminé. Like ail
the cochineal pigments, it is affected by strong
light and ultimately decolourised. It is a bad
drier.

Scarlet lalce is crimson lake with a scarlet
hue imparted to it by a mixture of vermilion.
It is not so permanent as crimson lake, since
vermilion bas a destructive action on cochineal
laies.

Matlder lakes are prepared by precipitating
the root of tbe madder plant, rubia tinctorum,
with alumina.

Madder carminé is that préparation of mad-
derwhieh contains the greatest amount of colour¬
ing matter, and the smallest amount of base.
Itis the only durable carminé, either in water
«inoil.

Rose madder is less intense tban tbe pre-
ceding, and without its carminé hue. It is not
liahle to change by t' e action of ligbt or impure
air. It dries slowly in oil, and in water is inferior
to cochineal so far as relates to working.

Pink madder iadder lake are synonym-
ous with rose mai ;

Indian lake bi lake is obtained from the
h or lacca of I i, a resinous sécrétion. It

Vol. ni.—T

is more durable than cochineal, less durable
than madder.

Dragons' blood is a resin from the East
Indies. Its colour is deepened by impure air,
and darkened by light. "White lead soon destroys
it, and in oil it dries badly (v. Besins).

Orange.
Cadmium orange is an exceptionally brilliant

and lustrous pigment. It is a simple original
pigment, containing no base but cadmium ; and
is perfectly permanent, being quite unaffected by
exposure to light, air, damp, or snlphuretted
hydrogen ; or by admixture with other pig¬
ments.

Chrome orange or orange chrome is, like
chrome red, a basic chromate of lead. It is
characterised by want of permanence, and a
tendency to injure organic pigments ; and, by
reason of its lead base, is apt to be discoloured
by sulphuretted hydrogen.

Mars orange is an artificial oxide of iron,
and being more chemically active than the native
ochres needs to be cautiously used with pigments
affected by iron. It is very permanent and dries
well.

Burnt sienna is prepared by calcining raw
sienna, of whioh it possesses ail the properties,
being, however, richer, and working and drying
better. It is very permanent, although it is sup-
posed to have a slight tendency to darken by
time.

Burnt Roman ochre is obtained by calcining
a very bright Boman ochre, whereby it acquires
transparency and depth of colour. It dries and
works well both in water and oil, and is very
permanent.

Neutral orange, or Penley's neutral orange,
is a permanent compound pigment composed of
cadmium yellow and Venetian red.

Yellow.
Aureolin or cobalt yellow is a comparatively

recent addition to the list of yellow pigments,
and is a double nitrite of potassium and cobalt.
It is permanent, being entirely unaffected by
sulphuretted hydrogen, and, even in its faintest
tints, is unaltered by exposure to the direct
rays of the sun for a lengthened period.
With ail other colours it mixes safely and
readily (v. Cobalt).

Cadmium yellows are sulphides of cadmium,
and are consequently unaffected by sulphuretted
hydrogen. They comprise deep cadmium and
pale cadmium.

Deep cadmium is permanent, both with re¬
spect to sulphuretted hydrogen and exposure to
light and air. It has been stated that the colour
is destroyed by white lead. In theory this might
be supposed to happen ; in practice, if the
cadmium is carefully prepared and free from
excess of sulpliur, it does not. In fact, it is found
that a mixture of equal weights of cadmium
yellow and white lead will withstand an atmo¬
sphère of sulphuretted hydrogen which com-
pletely blackens the white colour.

Pale cadmium is pale only relatively to deep
cadmium, to which it is similar in chemical
properties.

Deep chrome and chrome yellow are chromâtes
of lead, which lose colour in time, and become

B
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black in atmosphères eontaining sulphuretted
hydrogen.

Citron yellow is chromate of zine. It is not
affected by sulphuretted hydrogen, but fades on
exposure to light and air. The affinity of the
chromic acid for the base being small, the acid is
liable to separate, and by deoxidation to beeome
converted into green oxide of ehromium.

Strontian yellow was originally a chromate
of strontium, and as sueh is now obsolète ; a pig¬
ment resembling it in colour and more durable
in charaeter being now sold under the same
name.

Lemon yellow and pale lemon yellow are
essentially chromâtes of barium. Properly and
carefully-prepared chromate of barium is the
only perfectly permanent chromate. Both of
these colours work well in oil and water. They
are not liable to change by the action of damp
or foui air, by exposure to light, by contact with
the steel palette knife, or by mixture with white
lead and other pigments. Being uninjured by
lime they are eligible in fresco.

Orient yellow resembles a brilliant and
somewhat opaque Indian yellow, stands well in
oil, and is quite unaffected by sulphuretted
hydrogen. It cannot be used in water-colour.

King's yellow or orpiment is arsenious sul-
phide. Although not affected by sulphuretted
hydrogen, it is not durable either in water or oil.
It is destroyed by being mixed with lead colour,
and is highly poisonous.

Naples yellow was formerly a compound of
the oxides of lead and antimony. What is now
sold under that name is a compound pigment,
perfectly durable and trustworthy.

Mars yellow is an artificially-prepared iron
ochre, of the nature of raw sienna. Like the
ochre, it is absolutely permanent, and is a good
drier; but it is more chemically active and
should be used cautiously with pigments likely
to be affected by iron.

Raw sienna is a ferruginous native pigment ;
not liable to change by light, time, or impure
air. It may be employed in oil, water, or fresco.

Yellow ochre, Roman ochre, transparent gold
ochre, brown ochre. These ochres are native
earths, consisting chiefly of silica and alu-
mina, coloured by sesquioxide of iron ; and are
less chemically active than the artificial iron
colours. They are permanent, and may be safely
mixed with pigments which are themselves per¬
manent. They are especially adapted for fresco.

Yellow carminé, Italian pink, yellow lake.
These pigments, comprised under the class
of quercitron lakes, are prepared by precipitating
the glucoside guercitrin contained in the bark of
the oak guercus tinctoria with alumina. They
are sensitive to light, and dry rather badly.

Gamboge is principally obtained from Gar-
cinia Hanburyi found in Coehin China and
Siam. It is a gum-resin which exudes from
the wounded leaves and young shoots (v. Gam¬
boge, art. Gch resins). Gamboge is a bright
transparent yellow, but has no great depth. In
its deepest touches it shines too much and verges
on brown.

When properly used it is more durable than
is generally reputed both in water and oil, and
when mixed with other colours conduces to their
stability. It is deepened to some extent by im¬

pure air, and somewhat weakened by the action
of light. In water it Works remarkably well,
but is with diffieulty employed with oil in the
dry condition.

Gamboge may be rendered diffusible as an
oil colour by forming it into a paste with water,
and mixing it with lemon yellow. The best
method is, however, to combine it with alumina
(Field).

Extract of gamboge is a compound of gam¬
boge and alumina.

Indian yellow (v. Indian ïellow and
Pdbree). This pigment resists the sun's rajs
with singular power in water-colour painting;
yet in ordinary light and air, or even in a book,
the beauty of its colour is not lasting. In oil,
both alone and in tint, it is decidedly fugitive;
and, owing to its alkaline nature, injures carminé
and cochineal lakes.

Gallstone. True gallstone is an animal calcu-
lus formed in the gall-bladder of oxen. It cannot
he depended on for permanence, being destroyed
by strong light, although not affected by impure
air. It cannot be used in oil.

Green.

Oxide of ehromium or opaque oxide of
ehromium. This and the two following varie-
ties of sesquioxide of ehromium vary from each
other according to the mode of préparation.
They are ail strictly stable, being unaffected by
exposure to light, air, or sulphuretted hydrogen.
They neither act nor are acted upon by other
pigments ; they dry well, and are used either in
oil or water.

Transparent oxide of ehromium, being very
déficient in body, is only eligible in oil.

Viridian or French Veronese green, is the
hydrated sesquioxide of ehromium eontaining
two molécules of water. It is admissible in
fresco ; but cannot be employed in enamelling,
since its very rich deep colour dépends on the
water of hydration, which is expelied by strong
heat.

Emerald green is an aceto-arsenite of
copper. It is the most durable of the copper
greens, being unaffected to an appréciable degree
by damp or by ordinary impurities of the atmo¬
sphère. It works much better in water thanin oil,
and dries with diffieulty in the latter (v. Aksesic).

Malachite green consists of hydrated cupric
carbonate. It withstands the action of light
and air, but, in common with the other non-
arsenical copper colours, it is blackened by the
combined action of damp and sulphuretted
hydrogen.

Verdigris is a subacetate of copper. It is
the least durable of copper greens. As a water-
colour it soon fades by the action of light and
air, and is very susceptible to damp and sul¬
phuretted hydrogen. In oil it is permanent
with respect to light and air ; but moistare and
an impure atmosphère change its colour, and
cause it to effloresce. In varnish it stands
better. It is a good drier.

Chrome greens or Brunswick greens or
Cinnabar greens are eompounds of chrome
yellow and Prussian blue. Since chromate of
lead ultimately destroys Prussian blue, these
eompounds should be avoided.
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Hoofor's green is a compound of Prussian
Hue and gamboge, which are innoeuous to each
other.

Prussian green is eomposed of Prussian
Hue and gamboge, the former being largely in
acess.

Sep green is a pigment of vegetable origin,
and is prepared from the juice of buckthorn
taries, the green leaves of woad, &e. It is a
iuenatural yellowish-green. It is, however, a
very imperfect pigment, disposed to attract at-
nospheric moisture, and to become mildewed.
It has little durability in water and less in oil.

Terre verte is a species of ochre containing
silica, protoxide of iron, magnesia, potasb and
rater. It resists light and impure air, and com-
tines safely with otber colours. It has not
much body, is semi-transparent, and dries well
iu oil. It bas a tendency to grow slightly
ilarker in course of time.

Cobalt green or Binmann's green is a mixture
of the oxides of zinc and cobalt. It is perma-
nent, both alone and compounded ; but is ex-
tiemely déficient in body and power, and is now
seldom used (v. Cobalt green, art. Cobalt).

Elue.

Gmuine ultramarine or Native ultramarine
or Realultramarine, one of the most permanent
of pigments, is obtained by isolating the blue
coiouring matter of the lapis-lazuli, a stone
brought chiefly from China, Thibet, and the
àores of Lake Baikal. This coiouring matter-
consists essentially of silica, alumina, sulphur,
and soda, the characteristic eolour being pro-
bably due to a compound of sodium sulphide
and sodium thiosulphate.

Genuine ultramarine is prepared from the
stone by separating the blue from extraneous
matter, and yields first a deep and rich product,
then a paler one, and lastly a bluish gray, which
is taoïvn as Ultramarine ash. The refuse, con¬
taining little or no blue, furnishes Minerai gray.

It is transparent in ail shades, is not injured
by damp, by impure air or by the intensest
action of light, remaining umimpaired in the
oldest paintings. It dries well, works well in
oil and fresco, and may be safely compounded
xith ail other pigments. It does not work so
well as some other blues in water, where it has a

disposition to separate from other pigments.
irtificial ultramarines comprise Brilliant

itramrine, French ultramarine or French
Hue, New blue, and Permanent blue. They
are darker, less azuré, and far less transparent
than the natural varieties.

Cobalt blue or Thênard's blue is obtained by
caleining a mixture of alumina and basic phos¬
phate of cobalt. Altbough not possessing the
body, transpareney, and depth of ultramarine, it
wrhs better in water. It resists the action of
light, but, by the attacks of impure air, it is in
time greened and ultimately blackened. It
dries well in oil, does not injure or suffer injury
from other pigments, and may be used in enamel
and fresco (v. Cobalt blue, art. Cobalt).

Cœrulean blue or Gœruleum is a stannate of
cobalt. It possesses the distinctive property of
appearing a fairly pure blue by artifïcial light,
for which reason it is admirably adapted for
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seene-painting, whilst for other purposes it is
surpassed by some other blues.

Smalt is a double silicate of cobalt and
potassium. It is a vitreous compound, and is a
vivid violet blue ; but rapidly deteriorates either
in water or oil (v. Smalt, art. Cobalt).

Prussianblue wasdiscoveredin 1710 by Dies-
bach, a colour-maker of Berlin. It consists essen¬

tially of ferro-cyanide of iron. It dries well in
oil, and aithougb not permanent will last a long
time under favourable circumstances. It fades
under the action of a strong light ; but regains
its colour in the dark, possessing the singular
property of fluctuating according as its position
is favourable to acquire or relinquish oxygen. It
is darkened and discoloured by damp and im¬
pure air, and cannot be employedin fresco, as it
is destroyed by alkalis, nor in enamel, as it
cannot withstandbigh température (v. Cvanides).

Antwerp blue is a compound of Prussian
blue with alumina.

Cyanine blue or Leitch's blue is a mixture of
cobalt blue and Prussian blue. It gradually
fades to the hue of the more permanent cobalt.

Indigo, or Indian blue, is derived from the
glucoside Indican existing in the leaves of
various species of Indigofera native to India,
Afriea, and America. The leaves, being fer-
mented in water, the indican is decomposed to
indigo blue and glucose. Indigo is extremely
powerful and transparent ; has great body and
works well in water and oil, but it is very
fugitive and impure air injures it (i>. Indigo).

Intense blue is indigo refined by solution and
précipitation, and is more durable, powerful,
transparent, and deep.

Purple.

Purple madder is a lake formed by precipi-
tating the coiouring matter of madder in com-
bination with a metallic oxide. It is the most
useful, and, with one exception, is the only per¬
manent purple pigment. It has great trans¬
pareney and body, and it neither injures nor is
injured by other pigments. It dries and works
well in oil and may be used in fresco.

Purple lake in its général properties resem-
bles crimson lake, but it is more durable.

Burnt carminé is obtained by partially
charring carminé.

Burnt lake is partially charred crimson lake.
It is less permanent than burnt carminé.

Indian purple is prepared by precipitating
coehineal extract with sulphate of copper. It is
apt to blacken on exposure to light and air.

Violet carminé is obtained from the root of
Anchusa tinctoria. On exposure to light and
air it loses its eolour and blaekens.

Mars violet is an oxide of iron. It resem-

bles Indian red in body, opacity, and général
properties. It is very permanent, and dries
well.

Erown.

Broivn madder is a lake prepared from the
madder root ; very permanent, dries and works
well, and altogether is an excellent pigment.

Èubens madder is also a préparation of
madder with similar properties to the preceding,
except that it does not dry well in oil.

B 2
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Botw brown is obtained by partially charring
ivory dust. Although much esteemed by artists
as an oil-colour only, it is a bad drier, and will
not withstand the action of strong light.

Bistre is used only in water-colour. It is
prepared from the soot of wood. It is durable,
but has a tendency to absorb moisture from the
atmosphère.

Prussian brown, a compound of sesquioxide
of iron and alumina, is transparent, permanent,
and a good drier.

Burnt umber is prepared by calcining raw
umber. It works well, dries well, and is per-
fectly stable. It is also eligible in fresco.

Verona brown, used only in oil-painting, is
a calcined ferruginous eartli.

Vandyck brown is a species of bog-earth,
and is semi-transparent. The pigment used by
Vandyck was an earth brought from Cassel.
The modem Vandyck brown is a purified bitu-
minous ochre. It is durable in both water and
oil, but dries badly in the latter.

Caledonicm brown is a permanent native
pigment, used only with oil. It possesses con¬
sidérable transparency, richness, and depth.

Cappagh brown, used only in oil-painting, is
a species of bog-earth, containing peroxide of
manganèse. It possesses more or less richness
and transparency. It works well in oil and
varnish, dries quickly, but does not retain its
place.

Cologne eartli, originally a native bituminous
earth, is now prepared by calcining Vandyck
brown, which it resembles in général proper-
ties.

Asplialtum or bitumen, originally a variety
of pitch obtained from the Dead Sea, is now pre¬
pared by distilling resinous and bituminous
matter, and is procured in great abundanee as
a by-product in the manufacture of coal-gas.
It is chiefly confined to oil-painting, but is not a
désirable pigment, since it contracts and cracks
under changes in température and atmospheric
conditions ; and it has a tendency to blacken.
The solutionwith turpentine is called asplialtum ;
the mixture with drying oil, bitumen ; and a pré¬
paration for water-colour is known as Uguid
asplialtum.

Mummy varies exceedingly in its composition
and properties, and is little to be relied upon.
It is a bituminous product mixed with animal
remains brought from the catacombs, where
bitumen was employed in embalming. It re¬
sembles asphaltum, but is less liable to crack.
Used only in oil.

Sepia is obtained from the cuttle-fish (sepia
officinalis), ail species of which are provided
with a dark-eoloured fluid, which they émit to
obscure the water as a means to conceal their
movements. The liquid consists of a mass of
extremely minute carbonaceous particles mixed
with an animal gelatine. Sepia is a powerful
brown of fine texture ; it is transparent, works
admirably in water, combines well with other
pigments, and is very permanent. It cannot,
however, be used as an oil-colour, as it dries very
slowly.

Warm sepia is sepia ' warmed ' by mixing it
with redder browns.

Roman sepia similarly is sepia mixed with
yellow browns.

Citrine and Olive.

Brown pink, or Stil de Grain, is generally
prepared from Avignon berries (seeds of Rhammis
infectorius and B. alaternus), or from Turkey
and Persian berries (Rliamnus amygdalinus ;
R. oleoïdes), but is sometimes made fromquer-
citron bark. If produced from the berries it is
fugitive ; if from the bark it is somewhat more
stable. In either case it is a lake precipitated
by alum from a décoction of the colouring matter
containing a great excess of alkali. The colour¬
ing matter has been called rhamnetin, and
exists in the glucoside xanthorhamnin. Brown
pink possesses much richness and transparency,
and works well in both water and oil ; but it does
not stand well, and is very fugitive with white
lead. The variety made from berries also dries
badly.

Raw umber is a natural ochre, and is a
hydrated silicate of iron, manganèse, and alumina.
It is semi-opaque, dries rapidly, and does not
injure other pigments.

Mars brown is either a natural or artificial
ochre, containing iron or iron and manganèse.
It is strictly permanent.

Olive laite, originally prepared from green
ebony, is now exclusively a mixture which is
semi-stable and liable to blacken.

Olive green, or De Wint's green, is a com¬
pound of variable composition, and cannot
therefore be said to possess uniform charac-
teristics. Generally speaking, it is decidedly
fugitive.

Gray.
Ultramarine ash, a by-product in the pré¬

paration of ultramarine from the lapis-lazuli,
varies considerably in tone.

Minerai gray, also a by-product of the
manufacture of ultramarine, possesses the per¬
manence of that blue. Its use is confined to
oil-painting.

Neutral tint and Payne's gray have a ten¬
dency to beoome grey as opposed to gray, the
former term being employed to dénoté a mixture
of blaek and white, the latter term being applied
to any broken colour of a cool hue.

Black.

Ivory black is obtained by charring ivory in
closed retorts. It is the richest and most trans¬
parent of ail blacks, is perfectly durable, andmay
be used in both water and oil. It is found, how¬
ever, to vary in hue and intensity, according to
its préparation. As ivory black is nothing more
or less than an animal oharcoal, it should not
be brought into contact with organic pigments.
In compounding colours, therefore, lampblack
and blue-black should be employed.

Lampblack (y. Lampblack) forma a pigment
of fine texture and strong body. It works well,
but dries badly.

Blue-black is a oharcoal prepared from vine-
twigs. In common with ail carbonaceous blacks,
it has a preservative influence on white lead.
A mixture of these washed over with zinc white
may be said to be practically permanent.

Cork black is a soot obtained by charring
cork.

Indian ink {y. Indian ink or China ink) is
another form of carbonaceous black.

IRIS - LILLIAD - Université Lille 1



PITCH. 245

Black lcad (v. Graphite) has only been em¬
ployai as a pigment in recent years. It may be
used in water or in oil, in winch latter médium
itpossesses remarkable eovering power, forms a
rery pure grey, dries quicldy, has no action on
any colour, and is strictly permanent.

See Malepyre, ' On the Manufacture of
Coloras ' ; Von Bezold, ' Colour in its Relation
to Art and Art Industry ' ; A. H. Chevreul,
Colour'; P. G. Hamerton, ' Practical Work of
Painting'; Helmholtz, 'Relation of Optics to
Painting'; Helmholtz, 'Physiological Optics';
■ Field's Chromatography,' by T. W. Salter ;
'tield's Chromatography Modernised,' by J.
Scott Taylor; Rood, 'Modem Chromatics' in
tteInternational Sériés ; Standage, "TheArtist's
ïanual of Pigments ' ; Jno. Collier, ' Primer of
Art'; Chevreul, 'La'.vs of Contrast of Colour.'

PILOCARPENE, PILOCARPIDINE, PILO-
CARPINE v. Jaborandi.

PIHARIC ACID v. resins.
PIMENTIIOL v. Camphors.
PIHENTO OIL v. Oins, essenttal.
PIECHBECK. An alloy of zinc and copper

brought into notice by Cbristopher Pinchbeek
in the latter part of last eentury. It was for-
merly mucb employed in the making of wateh-
cases, and other small ornamental articles in
imitation of gold. Its composition is variable,
bat usually consists of 9 parts of copper to I
part zinc.

PINE OIL V. olls, essential.
PINE RESIN v. Resins.
PINUS SYLVESTRIS OIL v. Oils, essen-

IUL,

PIPE-CLAY v. Clat.
PIPERIC ACID v. Resins.
PIPERIDIN v. Resins.
PIPERIDINE v. Bone oil.

PIPERINE v. Resins ; also Vegeto-alka-
toms.

PITCH. Various substances met with in the
organic kingdom when submitted to destructive
distillation, yield, in addition to fluid produets,
aresiduum tliat on cooling assumes a more or
less viscous or solid character ; and, further-
more, at various places on the earth's surface
eitensive deposits are found consisting of black,
résinons substances of similar appearance and
properties. To these produets have been assigned
thetermsof 'pitch,' 'bitumen,' and'asplialtum.'
Each of these substances possesses distinctive
featnres, and each in its place fulfils important
requirements in the arts.

Bitumen, asphaltum, minerai pitch. These
tompounds oonsist of complex mixtures of
hydroearbons, and are found in many localities
and under the most varied conditions. Probably
the ceiebrated Pitch Lake, situate in the Island
cl Trinidad, and said to be upwards of three
miles in circumference, represents one of the
most important deposits of natural bitumen
known, although within tlie past thirty years
many additional sources have been found in
Cnba, Central and South America, Califomia,
Nicaragua, and Peru ; in India, Palestine, Egypt,
Italy, France, Switzerland, and Ho-Tsing, pro¬
vince of Szu-Tehuan, China.

The origin of these eompounds is involved
in considérable obscurity ; they appear to liave
beenformed by the oxidation of the unsaturated

hydroearbons in petroleum. Bitumen has been
regarded as either a product of chemical action,
or as a distillate produced by natural causes
from animal and vegetable remains. It has
been argued that if tlie bitumen were the resuit
of a purely chemical pvocess, we should expect
to find a général uniformity in the character of
the substance wherever found on the earth. On
the other hand, if petroleum is the resuit of meta-
morphism, its génération is co-existent only with
that of metamorphic actions. If w.e accept this
hypothesis, the génération of petroleum must be
considered as practically ended.

In studying the asphalts of Bentheim, Pa-
trono, Castro, Colla San Magna, and other
places, the conclusions arrived at have confirmed
the views of Mendeléelï to the effect that their
formation has been brought about by inorganic
means. Bitumen is frequently met with in
places where, from a geological point of view,
its occurrence can be explained only by assum-
ing that it has accumulated within the fissures
in the same manner as that contained in
lavatic geodes, and separated from prehistorical
tufaeeous deposits by inorganic means. Engler,
who has given some considérable study to the
Bentheim asphalt, fumishes the following par-
ticulars respeeting it :—

Sp.gr. 1-092. It . is insoluble in alcohol,
ether, carbon bisulphide, oil of turpentine, and
similar solvents, but melts when strongly
heated.

It contains :
I. II.

Carbon . . . 89-46 89-88
Hydrogen . . . 9-55 9-88
Ash . . . . 1-09 1-14

Distillation yielded tlie following produets :

Tar .

Coke
Gas and water .

I.
36-8
48-9
14-3

II.
38
48
14

The tar had a sp.gr. of 0-834, forming a thick
semi-liquid mass, and yielding the following
fractions when subjeeted to distillation :—

At 150°, 10-3 p.c. oil ; sp.gr. 0-743.
At 150-310°, 93-3 p.c. burning oil ; sp.gr.

0-60G.
Residue, 46-4 p.c.
The tar obtained by the distillation of

the asphalt on a large scale was free from
phénol and creosotic eompounds, and the pro¬
duets of its distillation were as follows :

Burning oils .... 12-72
Gas and lubricating oils . . 9-78
Paraffin ..... 1-50
Paraffin grease .... 0-65
Coke from retorts . . . 46-09
Coke from tar .... 0-86
Pitch 1-52
Loss, gas and water . . . 26-88

100-00
Egyptian asphalt contains :

Carbon 85-29
Hydrogen 8-24
Oxygen 6-22
Nitrogen q-25

IRIS - LILLIAD - Université Lille 1



246 PITCH.

The bitumen of Judea, found floating ou the
Dead Sea, coutains :

Carbon 77-84
Hydrogen 8-93
Oxygen ..... 11-54
Nitrogen 1-70

Sulphur is invariably présent in natural bitu-
mens, varying in quantity from 3 to 4-2, and even
10, p.o. ; from such samples hydrogen sulphide is
always given off on heating. Asphaltums and
bitumens vary considerably in character ; gene-
rally speaking their appearance is that of smooth,
hard, brittle, blaek or brownish blaek resins,
breaking with a distinct conchoidal fracture ;
the sp.gr. varies from 1 to 1-7 ; when free from
minerai matter they may be even lighter than
water. When distilied with water, asphaltum
yields a volatile oil called by Boussingault
' petrolene,' probably consisting of a mixture of
paraffins. The residue of ' asphaltine ' which
remains when the petrolene is completely driven
off, is a solid blaek substance resembling the
original substance prior to distillation, but which
does not soften under about 300°C., and décom¬
posés below its fusing point.

Trinidad pitch yields when heated :
Volatile organic matter . . 76-75
Non-volatile organic matter . 17-77
Ash 5-48

ÎOO-ÔÔ
Natural bitumen is only partially soluble in

alcohol, but more completely so in earbon bisul-
phide, petroleum spirit, chloroform, oil of tur-
pentine, coal-tar, benzol, and naphthas ; the
pyridine bases, also derived from coal-tar,
scarcely act upon 'it. The portion, however, that
passes into solution communieates a strong
greenish fluorescence to the liquid, and when
examined spectroscopically, in the manner
pointed out by the writer in examining crude

antliracenes for certain impurities (C.N. 26, 199;
31, 35, 45), two distinct absorption bands are
visible near the D line of the spectrum, from
yellow to green, which distinguishes it from ail
other pitches, coal-tar excepted, which occa-
sionally exhibits bands, but invariably situate
in the blue portion of the spectrum near the F
and G- lines.

In petroleum spirit 74-23 p.c. of its organic
matter is soluble, and 20-29 p.c. insoluble.

At a température varying from 58° to 60°C.
bitumen softens, and melts at about 100°C., al-
though varieties are met with that melt only at
a much higher température.

Applications of asplialtum.—The purer as¬
phaltums are employed almost exclusively for
the manufacture of blaek varnishes and japans,
for which purpose they are eminently adapted,
yielding surfaces and coatings of great bril-
liancy and not prone to ' break up ' or disin-
tegrate. Asphaltum selected for the purposes
of the varnish maker should be practically free
from minerai matter or within a limit of 5 p.c.,
it should be completely soluble in carbon bisul-
phide, chloroform, high boiling-point ooal-tar
naphtha, and oil of turpentine (minerai matter
excepted). It should break with a conchoidal
fracture, and brilliant lustre. It should not flow
or lose shape, like wood tar and many of the
fatty pitches, when left on a plane surface, and
an angular fragment should retain its shape and
the sharpness of its angles in boiling water.

Asphalt rock. Asphaltum is often met with
associated with sand or limestone or the two

variously admixed ; for this condition the
minerai is known as ' asphalt rock,' and occurs
in the upper Jurassic formation introstratified
with ordinary limestones.

The following figures, by M. Durant Claye,
show the proximate composition of some rock
asphalt employed for paving :—

—

Val de Travers,
Switzerland

Lobsann,
Alsace

Seyssel,
Ain, J-'rance

Maëstu,
Spain

Ragusa,
Sicily

Water and other matters vola- \
tilised at 100°C.. . . /

Bituminous matter
Sulphur, iu organic combination \

or free state f
Iron pyrites
Alumina and oxide of iron .

Magnesia
Lime ......
Carbonic acid ....

Combined silica .

Sand

0-35

8-70

0-08

0-21
0-30
0-10

49-50
40-16

0-60

3-40

- 11-90

4-99

4-44
1-25
0-15

38-90
31-92

3-05

0-40

9-10

0-05
0-05

50-50
39-80

0-10

0-40

8-80

trace

4-35
3-85
5-70
8-15

11-35
57-40

0-80

8-85

0-90
0-45

49-00
39-40

0-60

100-00 100-00 100-00 100-00 100-00

Native caleareous asphalt exhibits a brown
or nearly blaek colour, and breaks without évi¬
dence of cleavage. The fracture is earthy and
granular, not unlike chocolaté both in appear¬
ance and colour. When long exposed to the ail-
it loses this character, and then resembles
ordinary limestone ; this change, however, only
extends to the surface.

The spécifie gravity of rock asphalt is about
2-23. It is hard and may be broken with a

hammer, but when warmed it may be softened
to a kind of paste, aud at about 60° falls to
powder.

Good asphalt rock is homogeneous in struc¬
ture, and shows no indication of contained lime¬
stone. It is frequentlyveined,and contains large
crystals of calcite impregnated with bitumen;
tliis feature is considérée! an important indication,
bad specimens, or low qualities, showing an
absence of such imprégnation which rendersIRIS - LILLIAD - Université Lille 1
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Hem difficult to manipulate. Yal de Travers,
Seyssel.and other asphaltic rocks, when employed
for paving, are melted with definite proportion

i native material, sueh as Trinidad piteh.
The product of this mixture is teehnically known compositions :—

as ' mastic,' and in using it further additions of
bitumen, sliale oil, and grit are frequently made.

The following analyses are by M. Durant
Claye, and wiH convey a général idea of these

Itcfined bitumen Seyssel asphalt Imitation asphalt
from made with made from

Bastennes Bastennes bitumen coaltar

Moisture 0-30 0-15 0-60
Bituminous matter soluble in carbon bisulphide 69-35 84-05 20-65
Organic matter insoluble in carbon bisulphide 4-40 — 18-45
Alumina and oxide of iron .... 2-85 0-85 2-65

Magnésium and calcium carbonates 2-65 80-40 39-60
Silica 20-35 4-55 18-05

100-00 100-00 100-00

Fordetermining the actual bituminous matter
in asphaltic rocks, natural or otherwise, the air-
dried sample is exhausted with suitable solvents,
which may consist of carbon bisulphide, Eussian
oil of turpentine or coal-tar benzene. The opéra¬
tion may be conducted in a Soxhlet's tube, and if
a correction be made for the moisture expelled at
100°C. the loss of weight furnishes the quantity
of bitumen removed. The détermination may
be further cheeked by distilling off the solvent,
and weighing the residue, observing the usual
précaution of drying at 100°C. till constant.
The bitumen thus obtained should be further
heated to 220°C.,when if the sample isgood,there
will be little or no further loss ; if, however, vola¬
tile oils or petroleum be présent, the loss may be
considérable. The volatile oil is best determined
by repeatedly digesting the powdered sample
with cold alcohol and weighing the residue ; the
eshaustion may be taken as complété when a
portion of the alcoholic washing shows no tur-
bidity on dilution with water.

If the residue left after exhaustion exhibits
a dark colour, other organic constituents of
valueless nature are présent. Their proportion
may be ascertained by igniting the weighed
residue left after removal of the bitumen, re-car-

honating it with ammonium carbonate, again
gently igniting it, and re-weighing. The loss of
weight represents the quantity of non-bituminous
matter présent.

Val de Travers asphalt gives up the whole
of its organie matter to petroleum spirit, im-
parting a deep-brown colour to the fluid, per-
fectly free from fluorescence, whereas the soluble
portion of coal-tar pitch does not exceed 20 or
25 p.c., yielding a solution exhibiting a deep-
greenish fluorescence—a characteristic of this
pitch in any of its solvents, and which renders
its détection alone or in admixture a matter of
no great difficulty (v. infra).
Piiches Deeived xrom Technioal Pbocesses.

ArtificM pitches.—Coal-tar pitch may be
looked upon as oceupying the most prominent
position in the sériés, both as regards the magni¬
tude of its production and its eorresponding
consumption for the purposes of artificial fuel,
asphalts, and varnishes.

Some idea of the extent to which this residue
isproduced in the United Kingdom, together

with the industry springing out of it, may be
gathered from the statement that from an annua!
distillation of coal-tar, varying from 100,000,000
to 120,000,000 gallons, and representing for the
latter figures about 645,000 tons, pitch to the
extent of about 396,000 tons is obtained, by far
the larger portion of which is consumed in the
manufacture of patent fuel.

Coal-tar pitch is the residue remaining in
the stills after séparation of the various frac¬
tions known as naphthas, light oils, carbolic,
creosote, and anthracene oils, and amounts to
about two-thirds of the weight of the tar operated
upon. Its physical characteris mainly dépendent
upon the température employed in distillation,
but its ultimate chemical composition is more
or less governed by the quality and description
of coal distilled. It may be either ' soft ' or
' hard ' or ' médium ' ; it may be either normal,
as a product resulting from the simple distilla¬
tion of tar, or it may be otherwise, as when
mixed with green or other tar oils before running
from the stills, which represents the eharac-
ter of coal-tar pitch produced at the présent
period. The sélection of tar distillâtes to be
used in thus thinning down a pitch carried to a
full limit of distillation is important, as it lias
been found that when creosote or naphthalene
is employed, a pitch is obtained lacking in
binding or cementing power, and blocks or
briquettes made from it are liable to crumble.
This defeot is only obviated by the use of the
heavier distillâtes, such as green oils, which are
of a more viscid and adhesive character.

In the earlier days of tar distillation, the
opération differed in not being carried to the
extent now followed—that is to say, a much less
quantity of anthracene oils was taken off ; as a
conséquence of this, the résultant piteh was of a
character not met with in the présent day, or, if
so, only within narrow limits and from the
opérations of small distillers. Pitch of this
kind always contained a notable quantity of
anthracene ; hence it was more or less worked
for the recovery of that substance, andthe earlier
literature of tar deals at considérable length
with plans and patented processes for the treat-
ment and distillation of pitch, specially for the
recovery of retained anthracene, whieh at the
period in question was of much. greater com¬
mercial value than at the présent time. Thesa
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processes are now of historical interest only.
They have given way to methods of distillation
of the tar that yield a pitch practically îree from
anthracene, and lience valueless for the purposes
of after-distillation.

About 48 p.c. of coke results from continuing
the distillation of pitch to its ' coking point ' ;
this coke has been regarded as of excellent
quality for refining pig iron, and fusion processes
in crucibles. It contains sulphur in small quan-
tities only, varying from 0-1 to 0'13 p.c. ; from
absence of iron sulphides it does not crumble
even after long exposure, and is said to surpass
the best Durham coke in firmness, density, and
heating power.

When pitch is passed through a red-hot
tube it yields about 250 times its bulk of gases,
chiefly hydrogen.

Pitch may be utilised by burning it into
lampblack, and, according to Thenius, 500 kilos,
of pitch yield 200 kilos of varying descriptions
of lampblack and 200 kilos, of coked residue.

Eeferring more generally to the several results
that may be obtained by varying the fractions
during the distillation of coal tar, it may be
stated that if the opération be terminated at the
point at which the light oils only are driven off,
the residue in the still, representing about 80
p.c. of the charge, may be, and has been, used
for the préparation of asphalts, under the naine
of ' refined or prepared tar,' although it is very
doubtful whether material of this character is to
be met with in the présent day. If about 10
p.c. more is run off, the residue is a soft pitch ;
moderately hard and hard pitch follow, the
latter when the distillation is carried on as far
as practicable in wrought-iron stills. The ' as-
phalt, prepared or refined tar ' thus obtained
by simply distilling off the naphthas and light
oils, invariably contained ail the constituents of
the distillate that would follow if carried to its
limit and collected apart—i.e. creosote oils,
phénols,naphthalene, anthracene, and the higher
boiling-point substances. Coal-tar pitch, in its
normal condition and as originally obtained, is a
bright, black, lustrous substance, breaking with a
well-marked conchoidal fracture ; but as now met
with it présents a more or less dull and greyish
tint, due to the altered condition under which
it is obtained. These are, firstly, distillation in
which steam, either superheated or otherwise, is
injected into the still during the opération, and
by which it can be pushed to a greater limit
and more complété extraction of anthracene,
without endangering the still; and, secondly,
the admixture of the residual pitch with ' green '
or other tar oils, in order to bring it to a con-
sistency at which it may be run off with facility,
and yield a produet that shall represent ' soft,
médium, or hard pitch,' at will.

The proximate composition of coal-tar pitch
is by no means well understood. It invariably
contains some of the high-boiling hydrocarbons
of coal tar—notably anthracene, phenanthrene,
pyrene, chrysene, together with bitumen and
free carbon. The ultimate pereentage composi¬
tion of coal-tar pitch may be stated as

Carbon 75'32
Hydrogen 8T9
Oxygen 16-06
Ash 0-43

Small proportions of sulphur and nitrogen are
also présent, the former to the extent of 0-4 to
0'7 p.c. Treated suceessively with cold benzene,
carbon bisulphide, boiling benzene, and boiling
alcohol, Behrens obtained 23'54 p.c. of a black
powder resembling anthracite, and containing
91 to 92 p.c. of carbon, 3-1 of hydrogen, and
0'4 to 0'9 of ash.

The spécifie gravity of hard pitch varies
from 1-475 to 1-300. It is wholly insoluble in
water, but partially soluble in alcohol, and more
completely in benzene and carbon bisulphide;
cold petroleum spiritexerts but little sol vent action
upon it, but when heated it dissolves it to the extent
of 18 to 23 p.c. The pyridine bases also dis¬
solve the soluble organic matter from pitch, but
somewhat tardily, and only by the assistance of
heat.

Solutions of coal-tar pitch exhibit a deep
yellow or yellowish green fluorescence, which is
highly charaeteristic of that substance. IVhen
heated it exhales an odour equally charaeteristic,
and not easily mistaken for any other known
pitch. The proportion of ' volatile organic
matter ' given off on heating ranges from 47 to
64 p.c.

A benzene solution of coal-tar pitch when
examined spectroscopically shows a cutting-out
of the blue and violet portions of the spectrum,
with occasional absorption bands between the F
and G lines, due to the presence of imido-
phenylnaphthyl.

Testing of pitch.—For the requirements of
commerce pitch has to be tested for its ' soften-
ing and melting point,' and contract notes
stipulate that a sample is to ' twist fairly after
immersion for two minutes in water at 60°C.,
but not under 50°C. ; must contain at least 53
p.c. of " volatile organic matter," and must be
free from any extraneous matter, such as grit or
sand.'

The twisting and melting point of pitch are
ascertained by methods of comparative sim-
plicity, only varying in trifling points and dé¬
tails. Probably the simplest and most readily
followed is that of Mr. F. G. Holmes, of Messrs.
Burt, Boulton, & Ilaywood, and is conducted in
the following manner :—

Several pièces of pitch are selected from
différent parts of the sample, and eut to the size
of half-inch cubes. These cubes are then sup-
ported on métal wires by heating the end of the
wires and pressing them into the pièces of
pitch, which are then suspended in a vessel con-
taining albout 500 eubic centimètres of water
heated by any convenient means, at a uniform
rate of 50°C. per minute, as iudicated by a
thermometer immersed in the water with the
bulb about two inches from the bottom of the
vessel.

The cubes are suspended on a level with the
bulb of the thermometer ; as the température
rises the pièces of pitch are removed from tirne
to time and twisted or squeezed with the fingers,
and the température noted at which they assume
the following conditions :—

(1) Beadily twisting or soft—i.e. when the
pitch can be easily twisted round several
times.

(2) Very soft—i.e. when it yields to a very
light pressure of the finger.
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(3) Fused—i.e. when the pitch melts off the
mie.

Soft pitch softens at 40°C., and melts at
about 60°C.

Moderately-kard pitch softens at 60°C., and
melts at about 80°C.

Hard pitch softens at 80°C., and melts at
about 120°C.

The estimation of volatile matter is conducted
in the sarue way as that used in the case of coal
andother bituminous substances—viz., by heat-
ing about 1 gram of the pitch to be examined
in a platinum crucible of 1J to 1^- inch height,
ivith the cover on, which should liave a small
aperture in its centre. The heat is applied by
ineans of a good Bunsen burner, first gently,
t01 no more smoke and vapour issue from
the opening in lid, iinally as strongly as the
bnrner \vill permit. The opération may last
twenty minutes. The crucible is then placed
in a desiceator, and after cooling the resi-
dual coke is weighed ; it ranges from 36 to
53 p.c.

Fixed carbon and coke-dust may be deter-
mined by successively exhausting with benzene,
carbon disulphide, and alcohol, employing a
Soxhlet tube for the extraction.

The suitability of a pitch for the purpose of
artificial fuel may be ascertained by carefully
distilling a given quantity of the sample in a
glass retort and noting the ckaracter of the
distillâtes ; when creosote or naphthalene bave
been nsed in thinning or dilnting before running
from the still, they are aceompanied with a con¬
sidérable sublimate of naphthalene passing over
at a comparatively low température ; green oils
do not yield naphthalene in this manner, or sub¬
limâtes that may be mistaken for it.

Applications and Uses of Coal-tak Pitch.

Coal-tar pitch is extensively used in the manu¬
facture of patent or artificial fuel, varniskes,
japans, and asphalts, the trade in the first-
named product having assumed enormous pro¬
portions. Fuel of this description consists of
admixtures of coal-tar pitch with small coal or
slack, compressed into the form of blocks, and
knownincommon underthe name of 'Briquettes.'
This industry would seem to be due to Ferrand
andllarsais.who in 1832obtained a French patent
for using coal tar for this purpose. Marsais,
since 1842, employed soft pitch, and in that year
commenced the Works at Bérard, near Saint
Etienne. Hard pitch was used in 1843 in Eng-
land by Wylam, and since 1854 in France. The
manufacture! fuel was sold in that country
nnder the name of ' péras.' The manufacture
of patent fuel bas opened up wide channels for
the consumption not only of the immense quan-
tities of ' slack ' obtained wherever mining opéra¬
tions for coal is carried on, but for the almost
equally large bulk of pitch resulting from the
opérations of the tar distiller.

This industry has principally developed
itself in France and Belgium, but it will be
seen from the following tabulai statement giv-
ing the 'output' of patent fuel, that other
countries share in the production of this
important article (Schultz, Steinkohlentheer,
2nd ed. p. 87) : —

France
Ho. of Works Tons

. 31 1,000,000
Belgium . 16 500,000
England . 7 300,000
Austria . 5 250,000
Germany . . 4 200,000
Italy . . 3 150,000
Spain. . 3 100,000
Itussia
Sweden : : î) 100,000

2,600,000
The principal seats of this industry in Eng-

land are :—

q /Graigola Merthyr Co.owansea . <j_Atlantic Fuel Co_ (Vivian & Co.)
n I Star Fuel WorksCardiff .. . jCrown Eue! Works
Newport . Cardiff and Newport Fuel Co.
Sunderland Wear Fuel Co. (John Hall, jun.,

& Co.)
In the manufacture of briquettes certain con¬

ditions are observed, regulating shape, dimen¬
sions, and weight. The form should be that of a
parallelopipedon, and they should not weigh more
than 22 lbs. ; they should possess a firmness
approacking that of natural coal, and to attain
this end the proportions of pitch used in their
fabrication must be at least 5 to 7 p.c. They
should not yield more than from 6-5 to 6'75 p.c.
of ash, if intended for locomotive use, or 10 p.c.
if for steamboat use. When broken they should
fracture with a clean, bright and granular sur¬
face, in the absence of which they are generally
faulty. Their regular shape permits of faeilities
in stowage, and the loss in transit by disinte-
gration does not amount to more than 1 or 2 p.c.
against 30 to 50 as with coals. They should not
fall to pièces in the fire, but agglomerate into a
firm, compact coke.

Patent fuel of good quality is said to yield
10 p.c. more heating power than steam coal, it
makes less dirt, and when manufactured from
hard pitch gives less blaek smoke than most
kinds of coal. An advantage arising from the use
of briquettes is that the exact consumption of fuel
in a given work or opération is always known
from the number of blocks used.

In the préparation of artificial fuel of this
ckaracter numerous attempts have been made
to employ fatty, oily, mucilaginous, and similar
substances, or coal tar, as the agglomerating or
cementing médium, but the only materials now
used are soft and hard pitch derived from coal
tar.

The opération of blending is comparatively
simple, requiring little plant beyond that of
melting-pans or pug-mills ; oceasionally, when
hard pitch is employed, a mixture of this material
with coal, both in fine powder, is subjeeted to
the action of superheated steam, by which the
compound is softened and yields a compact
conglomerate on cooling.

In shaping or forming such mixtures of coal
and pitch into blocks or briquettes, presses with
open and closed moulds are in use ; the process
searcely requires description, being quite analo-
gous to that of moulding bricks, the machine
that works with dry clay being constructed with
closed moulds, those for wet clay with conical
moutk-pieees (dies).
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Within a comparatively recent period the use
and consumption o£ artificial fuel has greatly
increased, becoming more or less général for
household consumption ; so widely has its use
extended in this direction that it is now to
be met with in every town throughout the
TJnited Kingdom, and its consumption is no
longer limited to the steam-boiler and the océan
steamship.

Black varnishcs andjapans. In the prépara¬
tion of vamishes, japans, and paints for coating
and protecting surfaces of iron and wood, tar
pitch is simply dissolved in, or melted with, a
suitable coal-tar distillate, depending on the pur-
pose to which the product is to be applied and
the rate at which it is required to dry or become
hard. These solvents vary from the more volatile
benzene to the heavier xylenes or solvent
naphthas, and it is not an unusual tliing to
employ naphthas and light oils as run from the
still, up to actual oreosote ; no spécial knowledge
or plant is requisite in compounding them beyond
that well known to varnish makers.

As a rule, the pitch should be melted at the
lowest température, and the solvent in the first
instance added in small quantities, after which
it may be introduced more freely up to the de-
sired consistency. Eosin in varying proportions
is occasionally added, but in the majority of cases
pitch alone is used. Yarnishes so prepared will
obviously vary in eharacter, drying quality, and
lustre, and it is hardly necessary to point out
that when required of a nature that shall dry
rapidly and with a bright uniform surface both
the pitch and the solvent employed should be
free from water. Tar varnishes dry with a bright
and hard surface, and adhéré both to wood and
iron with considérable tenacity ; they have been
extensively employed for coating the hulls
of iron ships, anti-fouling compositions, and
for the puiposes of protective paints gene-
rally.

Asphalts and compoundsfor paving. Asphalt
prepared from substances derived from coal tar
lias found a wide application, especially for the
purpose of street paving ; surfaces of ground
coated or eovered with asphalte become impéné¬
trable to moisture and the passage of noxious
effluvia. Coal-tar asphalt may be regarded as a
soft pitch to which body or firmness has been
imparted by incorporating sand, grit, grave],
chalk, lime, and substances of a similar cliarac-
ter ; the soft pitch used for this purpose may
consist of the residue from tar after distilling oS
the more volatile constituants, and known as re-
fined or prepared tar, or it may consist of hard
pitch, afterwards melted and thinned down to the
required consistency with heavy tar oils, prefer-
ably green oils.

The manufacture of this pitch into asphalt
suitable for street paving is carried on in
various ways ; occasionally the pitch is melted
in iron pans, and the ingrédients to be ineor-
porated simply added and well stirred in; the
mixture, containing 20 to 30 p.c. of pitch, is
used while hot and in a plastic condition.

Asphalt, in the form of blocks or slabs, is
manufactured for similar purposes, melted pitch
being run direct into a pug mill, in which it is
incorporated with the proper proportion of sand,
gravel, or grit, and from this mill the mixture is

run direct into sand moulds to harden and
solidify.

Tar asphalt is said to beconsiderably improved
by the addition of about 5 p.c. of sulphur, added
in small portions at a time during the heating
or melting ; much sulphuretted hydrogen is
given off, and it is thought that during the
heating the sulphur décomposés the constituent!
rich in hydrogen, and thus renders the residue
less fusible. Starting with a soft pitch or viscid
tar, it is said 75 p.c. may be obtained as agood
asphalt, which does not soften in boiling water.
(The writer can confirm this assertion, having
made and employed such sulphur compounds of
coal tar to a considérable extent for the purposes
of télégraphie insulation at the works of Mr.
William Hooper, Mitcham, Surrey, in the year
1860.)

Coal-tar asphalt—or, more correctly, very
soft pitch—is also employed for constructing
' asphalt pipes.' This industry was introduced
by Jaloreau, and has been minutely desoribed
by Behrens (D. P. J. ccviii. 377). Endless hemp
paper 7 feet wide is passed through a semi-
cylindrical pan set in a furnace and filled with
hot pitch. A roller revolving in the pan takes up
the paper saturated with pitch and eonveysittoa
smaller roller forming the core of the pipe,
round which any number of layers of paper ma;
be wound. When the desired thickness has
been attained fine sand is dusted on, and the
cylinder is exposed to considérable pressure.
After a cooling in water the core is withdrawn
and the pipe becomes ready for use. Pipes
manufactured in this manner resist very con¬
sidérable pressure from within. They possess
many features of value for spécial uses and are
employed for conveying water, acids, air-blasts
for pit ventilation, and for conveying under¬
ground télégraphie wires.

A tarred or asphalt paper is also manufac¬
tured for packing purposes, consisting of wrap-
ping paper impregnated with soft pitch ; anotber
description consists of two layers of paper united
by a coating of pitch, which has been used for
papering damp walls.

A further and more important application of
materials, such as paper and felts, saturated with
' prepared or refined tar,' or pitch let down to
the required consistency by solution in heavy
tar oils, is for the purpose of ' roofing paper or
felt.' A considérable quantity of this material
is manufactured in Germany and elsewhere.
pltches deeived ekosi the distillation of

Fatty Substances.
' Stearine ' and ' palm pitches.' Several

pitehes of this eharacter are met with in com¬
merce, notably those known as ' stearine or
cotton oil,' ' wool oil,' and ' palm pitek ' ; the
two first-named representing residues from sub¬
stances consisting mainly of stearic, the third
of palmitic acid. Their manner of préparation
is as follows ;—

In the purification of crude cotton-seed oil
by caustic soda a more or less viscid residue
is obtained, known as ' foots ' or ' mucilage,'
which consists largely of stearic acid in the
form of an imperfectly-formed soap. This
material constitutes an article well known in
Hall, Liverpool, London, and other centres of
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cotton-oil refining, which has been exten¬
sively dealt witli for the recovery of its stéarine
and pitoh. The soapy mucilage thus obtained
in the first instance is heated in suitable vessels,
and then gradually decomposed by the addition
of dilute sulphuric acid ; this treatment sépa¬
râtes the 1 fatty acids ' or ' stearine ' in the form
of a perfectly-black greasy substance, technically
known as 'black grease,' which may vary in
quantity from a few p.c. to 80 p.c.

The recovery of stearine and stearine piteh
follows as the second step in the opération, and
consists in submitting the 'black grease' so
obtained to a process of distillation by the aid of
soperheated steam.

From a 10-ton charge of this material, and at
one works known to the writer, the following
products are obtained :—

Tons Gwts.

Inferior oils . 0 12 = C p.e.
Stearine . 3 18 = 39 „

Piteh . . 5 0 = 50 „

Loss . . 0 10 = 5 „

Total . .10 0 =100 „

The piteh thus obtained, and constitutingthe
larger portion of the opération, may be 'hard '
or'soft,' varying with the point to which distil¬
lation has been carried. Both are produced and
met with in commerce as meeting the require-
nents cf their respective eonsumers, and présent
Ile following characters :—

Soft stearine piteh, a viscid treacly sub¬
stance, and Hard stearine piteh, a firm bright
black product, breaking with a well-marked con-
choidal fracture. The sp.gr. of this piteh is
about l'35. At 55°C. it softens sufliciently to
twist in the manner referred to with eoal-tar
piteh, and at 95-100°C. it melts. It is almost
completely soluble in benzene and the pyridine
bases, but to a much lesser degree in petroleum
spirit. To this solvent stearine piteh only gives
up about 71 p.c. of its organie matter, 23 p.c. re-
maining insoluble ; sulphur is présent to the
estent of 0*04-0*06 p.c. It yields 79 p.c. of vola¬
tile organie matter and 21 p.c. of coke, contain-
in« 5 to 6 p.c. of minerai matter or ash. During
the opération of heating and burning off a strong,
fatty odour is evolved, which at once indicates
its origin and nature as an ' oil piteh.'

A benzene solution exhibits no bloom or

fluorescence, and when examined spectroscopi-
caily a cutting out of the blue and violet portions
of the spectrum only ; no absorption bands are
visible. Stearine piteh has been extensively used
ior the préparation of spécial blackvarnishes used
in coating tarpaulins, and in various compounds
employed for electrical insulation. For these re-
qnirements it is eminently adapted from the fact
ofyielding surfaces and combinations both supple
and pliant, and they do not crack or disintegrate
in the manner of some minerai pitches. This
piteh, although possessing the excellent qualities
referred to, fails to find a ready market at the
présent time. Oil pitches from other sources
have added to the quantity produced, which is
now largely in excess of demand.

Wool-oil piteh. In the scouring and wash-
ing of woollen goods soapy iiquors are obtained
in considérable quantity. These Iiquors are now
treated for the fatty substances contained in

them. The process followed is in many ways
analogous to that already deseribed, the fatty
acids being separated by heating and audition of
dilute sulphuric acid. On submitting these fatty
acids to a simiiar process of distillation an ex¬
cellent stearine is recovered, with a simiiar
residue of piteh. This piteh may be hard or
soft, and in both stages resembles that known as
cotton, or stearine, piteh ; it has simiiar uses
and applications. The softer kinds are used as
lubrieants for heavy machinery, under the name
of 'hot and cold neck grease.'

Palm-oil piteh. This piteh, which is now
produced in considérable quantity, is the residue
of an opération extensively carried out, more or
less in aceordance with an important patent
granted to Wilson and Gwynne in the year 1S43,
in which oils or other fatty substances were
heated with sulphuric acid in place of .an alkali
for séparation of their contained fatty acids. In
the opération claimed the glycérine is converted
into ' sulphoglyceric acid,' which is afterwards
washed out, and the résultant black mass distilled
with superheated steam, in each case varying
with the fat employed. The respective fatty
acids pass over in a condition of great purity
and suitability for the various purposes applied.
With palm oil, palmitic acid distils over, and
palm piteh remains in the still.

In appearance and when soft, this piteh
varies from those already deseribed. It is dull
in colour, with a waxy feel, but when ' hard '
tolerably bright and black in colour, breaking
with a distinct conchoidal fracture and smail
granular surface, but exhibiting the same waxy
feel ; its sp.gr. varies from T045-T050. The
softer kind twists at the ordinary température ;
the harder at 30°C., although it does not com¬
pletely melt under 95°C. It yields about 80 p.c.
of volatile organie matter, and 20 p.c. of a light
porous coke, containing 6*5-6*8 p.c. of ash.
JJuring heating a powerful fatty odour is given
off, betraying its nature as also of fatty origin.
It is almost wholly soluble in benzene, but
scarcely acted upon by the pyridine bases or
petroleum spirit. A solution examined spectro-
scopically shows a cutting out of the violet
portions of the spectrum, but no absorption
bands.

Palm piteh has been extensively used for
tarpaulin varnishes, and, in eombination with
paraffin wax, for various electrical insulators.
The softer kinds are employed as hot and cold
neek greases for heavy machinery.

Bone-oil piteh. In the dry distillation of
bones and other animal substances an oil is
obtained exhibiting a strong feetid odour, and
known as ' bone ' or ' Dippel's oil ' (oleum
animale Dippeliï), and when submitted to fur-
ther distillation yields a hard, firm piteh ; from
a charge of 3,440 gallons of oil, piteh to the
extent of 3j tons is obtained, representing about
23 p.c.

Hard and soft varieties are produced, and
présent the following characteristics : Jet black,
and shining ; brittle, and breaking in masses,
although distinctly conchoidal ; sp.gr. ranges
from 1T25 to 1*130. The harder pitches ' twist '
at a température of 70°0., and melt at 98 to
100°C. A good sample will yield 63 p.c. of
volatile organie matter, and 37 p.c. of hard,
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compact coke, containing from (M to 07 p.c.
cf minerai matter or ash. During the opération
oi heating and igniting, the characteristic and
unmistakable odour of bone or animal oil becomes
very powerful, and readily distinguishes it frorn
ail other pitches. As a solvent, benzene attaeks
it very imperfectly ; but the pyridine bases dis¬
solve it entirely, or with the exception of a small
quantity of carbonaceous matter. Petroleum
spirit dissolves about 30 p.c., leaving 70 p.c.
insoluble. Solutions of this pitch in the pyridine
bases exhibit no bloom or fluorescence, and when
examined spectroscopically merely a cutting out
of the violet portion of the spectrum, no absorp¬
tion bands being visible. Sulphur is présent to
the extent of 0-30 p.c.

It exhales a somewhat disagreeable odour,
very noticeable when warmed ; its chief uses
are for tarpaulin and other varnishes.

Stockholm pitch (wood-tar pitch). Wood
tar, when submitted to distillation, yields dis¬
tillâtes of light oils varying in sp.gr. from -840
to -880. A charge of Stockholm tar, consisting
of 2,240 lbs., yields about 14 cwt. of pitch.
In appearanee it is jet black and brilliant,
but inferior to bone pitch. Its fracture is con-
choidal, but it is extremely brittle, crumbling
between the Angers. It is slightly adhesive, and
becomes sticky on gently warming. It has a
sp.gr. of about 1-105 ; at 40°C. it twists easily,
and at 82°C. melts. When heated and ignited
it yields 88 to 88-5 p.c. of volatile matter, leaving
a soft, friable coke ranging from 12 to 11-5 p.c.,
and containing from 0-7 to 0-84 minerai matter
or ash. During the burning olï, vapours and
odours are evolved impossible to mistake for
those of any other pitch, or for other than that
of wood tar. Benzene dissolves this pitch eom-
pletely, and the pyridine bases equally well ; but
petroleum spirit only takes up from 91 to 92 p.c.,
leaving a small portion insoluble. Sulphur is
présent, but in minute quantity only, not ex-
ceeding 0-01 p.c.

A solution of Stockholm pitch shows no bloom
or fluorescence, and when examined spectro¬
scopically a cutting out of the violet portion of
the spectrum only ; no bands are visible, nor is
there any indication of chrysene, said to exist
in this particular tar or pitch.

Stockholm pitch dissolves almost completely
in alcohol and potash ley. When its alkaline
solution is boiled a coloured oil passes over
possessing a stupefying smell, and when aeidified
and boiled yields volatile fatty acids. A black
mass is deposited as the opération proceeds ; on
boiling this mass with water, créosote is given
olï. If the acid and alkaline treatment is con-

tinued several times, this mass is converted into
a black powder, which, after long boiling with
hydrochloric acid, yields to alcohol only a small
quantity of rosin. The black residue insoluble
in alcohol and potash consists of

Carbon 65-04
Hydrogen .... 4-89
Oxygen 30-07

100-00
As wood tar is a complex mixture of phe-

noloid bodies, amongst which guaiacol and
creosol predominate, and the less volatile frac¬
tions contain methylic ethers of pyrogallol

and its homologues, it is higlily probable that
the residual pitch resulting from its distillation
at a comparatively low température contains
amongst its constituents the nrethylic ethers ol
trihydric phénols (v. Cbeosote).

Wood-tar pitch is assumée! to possess much
of the antiseptic and preservative power ol the
tar from which it is derived. It fînds a con¬

sidérable outlet for many marine purposes, and
the coating and pitching of ships.

Rosin pitch. Rosin, or eolophony, is the
residue left on distilling olï the volatile oils
from crude turpentine, and, when submitted to
further distillation, yields deflnite products, but
varying eonsiderably with the température and
conditions of distillation. In a vacuum or current
of superheated steam it may be distilled almost
unaltered, but when subjected to dry distillation,
as in the ordinary method pursued by rosin
distillers, it yields a number of products, consist¬
ing chiefly of rosin oil, which passes over to
the extent of about 85 p.c., including rosin
spirit, water, a powerfully anœsthetic gas con¬
taining carbonic oxide, ethylene, butylene, and
pentene, with a residue of pitch amounting to
lj cwts. from a ton of rosin. Rosin pitch is a
yellowish-brown brittle substance, hard and
compact, but easily crumbling on slight pressure;
it has a sticky, adhesive feel, and when warmed
exhibits the characteristic odour of resin. Its

sp.gr. varies from 1-090 to 1-095 ; at a tempéra¬
ture of 35°C. it twists readily, and at 68°C.
melts. When heated and ignited it yields 82-5
p.c. of volatile matter, leaving a spongy soft
coke amounting to 17-5 p.c., which contains
0'58 to 0-7 of minerai or ash ; during the heat¬
ing a strong odour of rosin is givëli off, readily
distinguishing it from Stockholm or wood-tar
pitch. In benzene and the pyridine bases it is
completely soluble, but petroleum spirit only
takes up 86-94 p.c., leaving 12-48 p.c. insoluble;
sulphur is présent to the extent of 0-26 to
0-3 p.c.

Solutions of rosin-pitch exhibit a deep
greenish bloom or fluorescence, but differing
from that of coal-tar pitch, which is invariably
yellow. Spectroscopically, they merely show a
cutting or shading-out of the blue and violet
portions of the spectrum ; absorption bands are
absent.

Rosin pitch finds no spécial use in itself, but
is occasionally mixed with other pitches of an
inferior description.

Pitches derived from the distillation of
petroleum and allied substances. Of these
products ozokerite pitch occupies the most
important position. It is obtained from the
distillation of crude ozokerite, and the follow-
ing figures have been furnished by E. J. Mills
as représentative of the opération :

Very light oils . . . 20
Heavy oils 50
Paraffin 8
Hard pitch 8
Loss . . . . . 14

ÎÔÔ
B. Redwood (Jour. Soc. Arts, xxxiv. 886)

gives the products of Galician ozokerite as
5 p.c. of gaseous liydrocarbons, 3 p.c. of naphtha,
6 p.c. of semi-solid ' ozokerine,' 12 p.c. of soft
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parafEn (melting at 44° to 46°C.), distilled
ozokei'ite (melting at G1°C.), and a black waxy
residue. A sample of this piteh supplied by
Messrs. Field & Co., of Lambeth, and examined
by the writer, eonsisted of a kard waxy substance
breaking with rough granular surface, and
irregular fracture. Its colour was dark amber,
inclining to brown. Its sp.gr. was 0-950. At a
température of 50°C. it ' twisted ' and at 85°C.
melted ; heated and ignited it yielded 97 p.c. of
volatile organic matter, leaving 3 p.c. of a soft,
friable coke, containing traces only of minéral
matter or ask. During this opération the odour
evolved was simply that of highly-heated
parafhn. It was completely soluble in benzene,
but not wholly so in the pyridine bases, the
solution showing no bloom or fluorescence ;
esamined spectroscopically, no absorption bands
were visible, but a cutting-out of the blue and
violet portions of the spectrum only, as in the
case of tlie pitches already described.

Ozokerite and ozokerite piteh have been found
to possess remarkable electrical qualifies, and in
admixture with various substances, caoutchouc
amongstthem, have formed the subject-matter of
several patents. Such compounds have found
extensive uses for coating télégraphié wires, and
for insulating purposes generally.

Petroleum piteh. In the first distillation of
erndepetroleum oil, the charges may he run down
loa coking-point, or they may be discontinued at
a stage at which a piteh or artificial asphaltum
vrould resuit on cooling.

In appearance it greatly resemhles natural
bitumen or asphaltum; it is jet black and
shining, and breaks with a similar conehoidal
fracture. It has a sp.gr. of about 1-120 ; at a
température of 45°C. it ' twists,' and at 84° to
S5:C. melts ; heated and finally ignited it yields
about half its weight of volatile organic matter.
The odour evolved is characteristie of petroleum,
but differs entirely from that of natural asphal-
tums, with which it cannot be confounded.
Minerai matter is présent in minute traces only.
îenzene dissolves this piteh completely, affording
a solution exhibiting a strong yellow bloom or
luorescence not unlike that observed with coal¬
tar piteh. It is,however, almost insoluble in the
pyridine bases ; petroleum spirit dissolves 36-16
p.c. only. The residues from American petroleum
contain notable quantities of close chain hydro-
earbons, among which anthracene, phenanthrene,
chrysene, chrysogene, and pyrene have been
recognised, as also a liydrocarbon called
thallene ; from Californian petroleum the
hvdrocarbon picene (C22H14) has been isolated.
When treated with sulphuric aoid, it yields a
sulphonic acid dissolving in water with a
splendid blue-green fluorescence. Petroleum
piteh, although dift'ering in its physieal aspect,

may in many respects be looked upon as re-
sembling eoai-tar piteh.

B. Poro (Gazzetta 13,77-85) gives the follow-
ing figures as showing results of distilling
Italian petroleum :

I. II.

Oil ... 63-5 C6-9
Piteh.... 32-2 28-3

Petroleum piteh has been used in compound-
ing eements, asphalts, varnishes and patent
fuels, but as an article of commerce it has no

présent demand in England.
Shale oil piteh is now quite unknown, manu¬

facturera of shale oil preferring to continue its
distillation to the extent of ' coking.'
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Cehents.
PLASTIC CLAY v. Clay.
PLATIN0TYPE PR0CESS v. Photography.
PLATINUM METALS. Under this lreading

are ineluded platinum, palladium, iridium,
osmium, rhodium, and ruthénium. These
metals are found in the minerai known as Native
platinum, which occurs, usually, in alluvial de-
posits from the older volcanie formations.

Native platinum is found in the Ural moun-
tains ; in the waskings from the river Pinto, in
Brazil ; in Choco, New Granada ; in the Natoos
mountains of Bornéo ; in California, Mexico,
Australia ; in the nickeliferous ores of Sudbury,
Canada, and many other localities. These
metals are occasionally présent in very small
quantities in many common minerais, as in dolo¬
mite, barytes, and the ores of lead and of silver.

The ore consists prineipally of rounded or
flattened grains of metallic lustre, occasionally
in cubes or octahedra, more rarely in nuggets.
Mixed with these grains, which consist of pla¬
tinum alloyed with smaller quantities of associ-
ated metals, are a number of small fiât grains
or hexagonal prisms of osmiridium, otkerwise
known as iridosmine or native iridium, consisfc-
ing of an alloy of iridium and osmium, always
containing rhodium and ruthénium, and usually
varying proportions of platinum, &c. Small
rounded cubes or grains of platin-iridium, an
alloy of those two metals, are also found.

The following analyses show the composition
of these minerais r—

Platinum ores Platinum Iridium Rhodium Palladium Gold Copper Iron Osmiridium Sand Osmium Total

1. Choco (S. America) 86'2 0-85 1*40 0-50 1-00 0-60 7-80 0-95 0-95 100-25

ij'j California . j 85-5 1-05 1-00 0-60 0-80 1-40 6-75 1-10 2-95 — 101-15
79-85 4-20 0-65 1-95 0-55 0-75 4-45 4-95 2 69 — 99-95

i, Australia 61-40 1-10 1-85 1-80 1-20 1-10 4-55 26-00 1-20 — 100-20
5. l'rals . 76-40 4-30 0-30 1-40 0-40 4-10 11-70 0-50 1-40 — 100-50
t.Urals (Nischnei-

Tagilsk) .

".Bornéo .

75-10 2-60 3-50 1-10 0-40 1-0 8-10 0-60 — 2-30 —

70-21 6-18 0-50 1-41 — 0-34 5-80 — 1-15
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— Iridium Osmium Platinum Rhodium Ruthénium Palladium Iron Copper Total

Platin-iridium
1. TJrals 76-85 — 19-64 — — 0-89 — 1-78 99-16
2. Brazil 27-79 — 55-44 6-86 — — 4-14 3-30 98-02

Osinù'idium
3. TJrals 55-24 27-23 10-08 1-51 5*85 tr. tr. tr. 100-00
4. New Granada . 27-80 31-10 — 0-63 6-37 — o-io 0-06 100-06
5. California 53-50 43-40 — 2-60 0-50 — — — 100-00
G. Australia. 58-13 33-46 — 3-04 5-22 — — 0-15 100-00

Nos. 1-5 are by Deville and Debray (A. Ch.
[3] 56, 449), No. C by Le Play, No. 7 by Bleeke-
rode (P. 103, 656). The second table is taken
from Boscoe and Schorlemmer's Manual II. (2)
438. Compare Wilm. B. 18, 2,536.

An account o£ the Russian auriferous sands
in which the platinum ore occurs is given in
' Engineering,' 31,163.

The ore is separated in the same manner as
gold from the admixed sand. Each pound of
ore is produced by the washing of nearly 54 tons
of sand.

The production of platinum ore in Bussia
within recent years is as follows :—

In 1881, 2,986 kilos, were produced; in 1882,
4,081 kilos.; in 1883, 3,537 kilos.; in 1884, 2,237
kilos. ; in 1885, 2,591 kilos. ; and in 1886, 4,317
kilos., or an average of hardly 660 cwt. a year.
Ail tliis platinum is found in two districts of the
Government of Perm. The mines of Gorobla-
godsk yield about two-thirds, those of Nijni-
Tagilsk one-third, of the supply. In the Ural
mines, until some years ago, platinum was ob-
tained as a kind of by-product in the working of
the auriferous deposits, the existence of which
led to the opening of these mines. But during
the last few years the gold ore has become much
searcer, and platinum has superseded gold as
the principal produet of the mines. The recent
advanee in the price of the métal is attributed
partly to the increasing scarcity of the ore, and
partly to the fact that labour, always an uneertain
factor in the Ural mines, has become excessively
scarce since the commencement of the Trans-
Siberian railway. According to later advices,
the whole of the platinum which will be pro¬
duced in the Ural mines for the next ten years
has been sold in advanee to certain foreign eom-
panies. Owing to these contracts the price of
platinum has advanced from 2,500 to 12,500
troubles per pood.

Platinum. Symbol Pt. At. wt. 194-3
(Berzelius, Seubert, Halberstadt).

The development of the metallurgy of pla¬
tinum, and the introduction of the métal for-
commercial uses, originated in England, and is
entirely due to the firm of Johnson, Matthey,
& Co-, who worked platinum for many years before
any other commercial manufactory was esta-
blished.

Betrveen the years 1800 and 1808, Mr. Thomas
Cock, a relative of the late Mr. Percival Norton
Johnson, a grandson of the original founder
of the firm, was occupied in working upon
platinum, and discovered the process for its
treatment and consolidation, which, usually
known as the process of Wollaston, has been,
until comparatively late years, the only known
process.

Mr. Percival N. Johnson, P.B.S., with the
skill and energy which made his name famous in
the first half of this century as a metallurgical
chemist, commenced the refining and working
of platinum in Hatton Garden immediately after
Mr. Cock's discovery.

Mr. Cock's original process is as follows : The
ore is digested in a retort containing slightly-
diluted hydrochloric acid, nitric acid being addei
in successive small portions. The hydrochloric
acid having become nearly saturated, the solu¬
tion is evaporated to a syrup, to remove the ex-
cess of acid, diluted, and decanted from the in¬
soluble portion. The residue may be treated
a second time to completely exhaust it. The
portion still insoluble contains osmiridium, sand,
chrome iron ore, spinelle, &c.

To the red solution, which contains platinum,
with small quantifies of ail the platinum metals,
is added a solution of ammonium chloride in 5

parts of water (41 parts of the chloride to 100
parts of ore), when the platinum is precipitatedas
the sparingly-soluble double chloride of ammo¬
nium and platinum, together with a small pro¬
portion of the corresponding iridium compound.
The mother-liquor, which still contains platinum
with the associated metals, is treated with me-
tallic iron, and the precipitated metals are
digested in hydrochloric acid to remove iron,
dissolved in aqua regia, precipitated as before,
and the precipitate added to the former. The
mother-liquor contains nearly the whole of the
rhodium, ruthénium, palladium, and a little of
the osmium, originally présent in the portions of
ore soluble in aqua regia.

The washed precipitate is heated to dnll red-
ness to drive off the ammonium chloride and
chlorine, leaving spongij platinum in a slightly
coherent form. This is rubbed to a powder with
the hands and passed through a linen bag, the
harder portions being powdered in a wooden
mortar. The powder is elutriated, and the finer
powder thus separated is made into a paste with
water and plaeecl in a brass cylinder previously
filled with water, snfiieient being added to 411
the cylinder and replace the water. In this way
ail cavities are avoided. The métal is then
strongly compressed, and the solid metallic-
looking cake produced is heated to redness to
drive ofi ail the water and render it more

coherent, and exposed for twenty minutes to
intense heat in a blast furnace. The cake, while
still red hot, is placed on an anvil and repeatedly
hammered on its ends with a heavy hammer.
The métal has then a density of about 21-25, and
may be worked into any desired form by heat
and hammering. Unless again refîned, which
makes it practieally pure, it always contains
about 2 p.c. iridium (which is advantageous for-
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certain parposes), and traces of osmium and
other metals and of silicon.

According to J. Phillip (Hoffmann's Ber.
Entr. Chem. Ind. [1] 999) the following modihca-
tion is adopted by Herâus of Hanau : The raw
oreistreatedin glass retorts, nnder a pressure of
1! inches of water, with aqua regia, diluted with
lio parts of water, the solution evaporated to
dryness and heated to 125°C., to reduce the
ihodium and palladium to lower chlorides, and
4e residue is digested with water.

The clear, decanted solution is acidulated
sith hydrochloric acid, and precipitated with
immonium chloride. The mother-liquor is pre-
cipitated with iron and treated as before de-
scribed. The double chloride is ignited, com-
pressed, broken to pièces, and fused by means
ni the oxyhydrogen blowpipe in a lime crucible.

Derille and Debray (A. Ch. [3] 56, 419)
Isre proposed a process for the prepara-
lion of platinum directly from the ore. A
sïïuil reverberatory furnace having a heini-
spherieal bed of fire-brick, lined with elay, is
heated to full redness, and a charge of about
2 cwts. of ore, mixed with an equal weight of
galena, is added in small charges with fréquent
stirring. A small quantity of glass is then
added to form a fusible flux with the lead, aud
about 2 cwts. of litharge is thrown in in succes¬
sive portions. The sulphur is thus oxidised and
upelled, while the liberated lead forms a fusible
alloy with the platinum, beneath which the un-
attacked osmiridium gradually sinks.

The upper portions are removed by iron
ladles, and the remaining portions, containing
lie osmiridium, are added to a subséquent
fusion. The alloy is eupelled, and the whole of
the lead removed, together with inost of the in-
jurious impurities, leaving very malléable, nearly
pure platinum. The métal is purified by fusion
under the oxyhydrogen blow-pipe.

Theyalso recommend the fusion of the ore
with a quantity of admixed lime equal to the
amount of iron présent. The fusion is per-
foimed in a lime crucible by the oxyhydrogen
blow-pipe. Copper and iron are thus oxidised
aud pass into the lime, while palladium and
osmium are volatilised. The métal produced
coutains iridium and rhodium, and is very suit-
able for making vessels for ehemical purposes,
as it is more refractory and less acted upon by
reagents than pure platinum.

The fusion of platinum on an industrial scale
tas irst effected by H. St.-Claire Deville and
Debray about the year 1856, and the process was
immediately adopted by Johnson, Matthey, & Co.
By the fusion of pure sponge-platinum (instead
ofits simple compression by forging under the
old System) it is obtained in a condition of the
most perfect compactness, strength, and dura-
bility, and of increased résistance to the action
of acid. In the year of the International Exhi¬
bition, 1862, Johnson, Matthey, & Co. melted, in
the presence of many of the principal savants of
Europe, 3,250 ounces of this métal, and the
single ingot which was the resuit of the fusion
formed one of the objects of attraction in their
ahibit at the exhibition.

Deville and Debray's method is as follows :—
The métal, after compression, is placed in a
hollotv in the lower of two well-fitting pièces of

lime, through an opening in the upper of which.
passes the nozzie of an oxyhydrogen blow-pipe.
The métal is fused in the blast, the produets of
combustion passing through an opening in the
sides of the two pièces of lime, which also serves
as an outlet for the molten métal ; the osmium
is volatilised as the tetroxide, while the silicon,
in the form of calcium silicate, and the iron and
copper as oxides, are absorbed by the lime.

10

à

a

For the préparation of pure platinum the
following process is adopted by G. Matthey (Pr.
28, 463 ; C. N. 39, 175). Commercial platinum
is melted with 6 parts of pure lead, and the
alloy is granulated by pouring into water, and
dissolved in a mixture of 1 part nitric acid and
8 parts distilled water, a fresh portion of the
solvent being added as it beeomes saturated.

In this manner most of the lead is dissolved,
with a portion of the copper, iron, palladium,
and rhodium ; the lead nitrate may be separated
by erystallisation, while the other metals may
be precipitated as usual.

The black amorphous residue left by the
nitric acid contains lead, platinum, and iridium,
in brilliant crystals, together with other metals.
It is digested in weak aqua regia, which removes
the lead and platinum, leaving iridium, ruthé¬
nium, and iron, but separating the whole of the
platinum. The solution is evaporated, and
treated with just sulïicient sulphuric acid to pre-
eipitate the whole of the lead ; the platinum
chloride is dissolved in distilled water, treated
with excess of ammonium and sodium chloride
in order to precipitate the double chloride in a
saturated solution of the précipitant, heated to
about 80°C., aud allowed to settle for a few
days. The platinum-ammonium chloride is de-
posited, the liquid above being usually rose-tinted
from the presence of rhodium. The precipitate
is washed repeatedly with a saturated ammonium
chloride solution, and finally with water acidu¬
lated with hydrochloric acid. The washings may
be treated to reeover the dissolved platinum.

The dried precipitate, which may still con-
tain rhodium, is mixed with potassium bisul-

Fia. 1.
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phate and ammonium bisulphate, and gradually
heated in a platinum capsule, covered by an in-
verted giass tunnel, to dull redness. The
platinum is thus reduced to black, spongy,
porous métal, while the rhodium remains as
soluble bisulphate of rhodium and potassium,
and is dissolved out by water. The liquid is
again evaporated, and heated to redness as before
to reduce the small portion of platinum pre-
viously dissolved.

The métal so obtained has adensityof 21-46,
which is stated by Matthey to be the highest
obtainable.

A similar but less complété process is de-
scribed by Deville and Debray (C. E. 81, 839).

Properties.—Platinum is a tin-white métal
nearly as hard as copper. When alloyed with
iridium it is barder than the pure métal. In
malleability it ranks next to gold and silver. It
is ductile and easily polished. It may be drawn
into fine wire through steel plates. Wires have
thus been made ïjsjth of an inch in diameter,
and by coat.ing a thin wire with silver, drawing
the compound wire to great fineness and re-
moving the surrounding silver by nitric acid, a
wire of platinum has been produeed only 3ôJô-0th
of an inch in diameter.

Its spécifie gravity is 21-46 (G. Matthey),
21-48 to 21-50 (Deville and Debray). Platinum
has been obtained in minute crystals by heating
platinum tetrafluoride (Moissan). Joly has also
obtained the métal in forms derived from the

regular System by strongly heating it with finely-
powdered topaz or quartz dust. Platinum tetra-
(iuoride is probably formed in the first case, and
is subsequently deeomposed. Similar crystals
have been formed by Tôrnebohm, by strongly
heating platinum black in chlorine gas.

Platinum welds at a red heat, and fuses under
the oxyhydrogen blow-pipe at 2000°C. (Deville),
1750° (Violle), absorbing oxygen, and 'spitting '
like silver when eooled in large masses. By
means of the oxyhydrogen blow-pipe it may
be soldered very perfectly with itself.

The autogenous soldering of platinum (i.e.
the joining together of platinum by means of
the oxyhydrogen blow-pipe) was a very great
advance in the manufacture of platinum, and
this process was perfected by Johnsoh, Matthey,
& Co. in the year 1860, and has been adopted
ever since. The platinum vessels exhibited by
them in the London Exhibition of 1862 were ail
manufactured upon this System.

Its expansion by heat is about equal to that
of ordinary glass, and is less than that of any
other métal. This property is of great import¬
ance, as platinum wires, &c., can be fused in glass
tubes without danger of cracking under varia¬
tions of température. Its thermal and electric
conductivities are low. At a strong red heat,
platinum is permeable tohydrogen(«.Palladium).
It absorbs, at aïed heat, 3-8 volumes of hydrogen,
which are again evolved on heating in vac.ua.

It condenses oxygen, apparently, on its sur¬
face. On this account, a spiral of platinum wire,
when placed in a mixture of oxygen and hydrogen
or other inflammable gas, by bringing them into
intimate contact induces their combination, be-
coming itself heated to redness, and sometimes
igniting the mixture. This is well seen by
suspending a platinum spiral over a small

quantity of alcohol or ether in an open tiask.
The oxidising power is possessed in a much
greater degree by platinum black or spongy
platinum, on account of their extended surlace.

Spongy platinum is prepared by ignition ci
the ammonium platinum chloride. It lorms a
porous mass, which may be polished by a
burnisher, and becomes denser on ignition.

Platinum black may be prepared by warming
a solution of platinous chloride in potash with
alcohol, as a residue from the treatment of
alloys of platinum and other metals by nitric
acid, and by precipitating platinum from dilute
solutions by other metals or by reducing agents.
A very active form is produeed by adding a solu¬
tion of platinum tetraehloride to a boiling mis-
ture of 3 parts glycérine and 2 parts caustic
potash solution (density 1-08) (Zdrawkowitch,
Bl. [2] 25, 198). Aceording to Liebig, it absorbs
800 volumes of oxygen. After fréquent ignition
it becomes denser and less active. It is a power-
ful oxidising agent, and is frequently used on
that account in organie chemistry.

Endeavours have been made to use platinum
black on the large scale for the préparation of
pure acetic acid from alcohol («. Acetic acid).

Platinum is not attacked by oxygen, water,
or nitric acid. At a high degree of concentra¬
tion, pure boiling sulphuric acid will dissolve
platinum. Aceording to Scheurer-Kestner (C. E.
91, 59) the action of chamber acid on platinum
stills is due to the presenee of a minute quantity
of the oxides of nitrogen. The action, if duo
to oxides of nitrogen, might be prevented by the
addition of ammonium sulphate, which décom¬
posés these oxides.

Platinum is oxidised by fused alkalis in
presenee of air, espeeially by lithia or baryta.
The action appears to be due to the production
of a small quantity of a powerfully-oxidising
alkaline peroxide ; it does not take place in an
atmosphère of hydrogen. Potassium nitrate also
oxidises platinum.

Platinum, espeeially in the spongy form, is
dissolved by boiling concentrated solutions of
alkaline cyanides with évolution of hydrogen
and formation of double cyanide of platinum
and alkali (Deville and Debray, C. B. 82, 241).

An alloy of platinum with 10 parts of silver
is wkolly soluble in nitric acid.

Great care is necessary in the use of platinum
vessels. Siliea, in presenee of carbon, attacks
platinum ; these crueibles should therefore never
be heated in contact with solid fuel. Aceording
to Buchardt (D. P. J. 240, 216), the presenee of
0-001 p.c. of silicon renders platinum brittle.

Smoky fiâmes or fiâmes free from smoke,
where combustion is not complété, attack
platinum, forming a carbide which is re-oxidised
in the oxidising portions of the flame into a
detached, greyish, surface coating, which would
soon penetrate the whole crucible, and render it
brittle and useless. Crueibles should be rubbed
until polished with a little moistened sand
whenever this appearanee is seen. They then
become again malléable with very slight loss of
weight.

Compounds of reducible metals, such as silver,
tin, lead, arsenic, and many others, fkould not
be heated in platinum crueibles, as, under the
action of reducing gases, &c., they form very
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lisible alloys and destroy the vessel. Com-
ponnds of phosphorus haye the same property.
Phosphorus, indeed, combines so readily that
alloys are formed at a very low température.

A little potassium bisulphate fused in a
platinum vessel will cleanse its surface, espe-
cially from iron. A good platinum vessel should
lose no weight on digestion in boiling nitric acid
or in boiling hydrochloric acid (free from
cblorine).

Notwithstanding its high price, platinum is
nsed, on account of its permanence, for the
manufacture of sulphurie acid stills, &c.

The first apparatus of platinum ever made
fer the concentration of sulphurie acid was com-
pleted in December 1809, and was supplied to
some Works now existing near London. The
teight of platinum used in this piece of appa¬
ratus was 423 ounees troy; it was of a deep
oircnlar form, and up to about 1855 similar
tessels, eitber entirely of platinum or fitted with
leaden hoods, were used, the principle being the
digestion of a deep layer of acid for a considér¬
able time.

In the Paris Exhibition of 1855, Johnson,
Matthey, & Co. exhibited a gold-lined still, which
rendered it possible to run through in a con¬
tinuons stream a shallow layer of acid, a prin¬
ciple now nniversally adopted in the rectification
of sulphurie acid. Since that date, under the
supervision of Mr. John S. Sellon, the nephew
of the late P. N. Johnson, several hundred stills
of perfected forms, of a value of from 1,0001. to
8,0001. each, have been sent to various parts of
theworld, asmuch as 40,000 ounees of platinum,
representing a présent value of 100,0001., having
been worked up for this purpose alone in a single
year.

It is said that clean brass, tin, eopper, &c.,
may be coated with platinum, by rubbing on a
solution of 1 part platinum tetrachloride dis¬
solve! in 15 parts of alcohol and 50 parts ether.
The surface is dried and polished with a dry
cotton or woollen cloth. The coating is perma¬
nent, and resembles polishedsteel (C. C. 1882,384).

Platinum when alloyed with other metals,
such as zinc, tin, and lead, or in contact with
them, increases their solubility by setting up a
voltaic action.

The presence of thallium has been observed
in platinum ores and in the worked métal (H.
N.ÎVarren, C. N. 55, 241).

Détection— Compounds of platinum are dé¬
composé!, with séparation of platinum on igni-
tion.

Sulphuretted hydrogen and ammonium sul-
phide preoipitate platinum from solutions as
■ulphide ; it is soluble in excess of alkaline sul-
phide, and is re-precipitated by hydrochloric acid.

The chloride gives, with potassium or am¬
monium chloride, the well-known yellow précipi¬
tâtes. Platinum salts are reduced to the metallic
state by mercurous nitrate, but not by ferrous
sulphate or oxalic acid.

Estimation.—Platinum is always weighed as
métal. The métal, in concentrated solution as
chloride, is treated with a strong solution of
ammonium or potassium chloride, evaporated
until it becomes pasty, treated with alcohol, and
lie precipitate filtered off, and washed with
alcohol. The precipitate is ignited and weighed

Von. III.—37

as métal when ammonium chloride is used as

précipitant, or, when potassium chloride is em-
ployed, the ignited mass is washed with water to
remove potassium chloride, filtered, dried, ignited,
and weighed. This métal would also contain
iridium and small quantifies of the other plati¬
num metals if présent in the solution.

Lengthy methods for the séparation of the
metals in platinum ores and residues are given
by Deville and Debray (A. Ch. [3] 56, 439, and
463) and by Claus (Beitriige zur Geschichte der
Platinmetalle).

Alloys.

The alloys of platinum, especially that of 10
p.c. iridium, have becorne of great importance
in the arts, and have been of much service to
science.

The alloys with iridium are given under that
métal. The alloy of 30 p.c. rhodium, 70 p.c.
platinum is unacted upon by aqua regia
(Deville).

An alloy of equal parts of palladium and
platinum is grey, as hard as iron, and melts
below the melting-point of palladium.

An alloy of three parts gold and seven parts
platinum is infusible in a strong blast furnace.
An increase of gold increases the fusibility.
With two parts platinum and one part gold the
alloy is brittle; with equal parts it is malléable
and nearly the colour of gold ; the alloy con-
taining nine parts gold and one part platinum
is very elastic.

Mr. Edward Matthey has shown (Pr. 47,1890,
p. 180) that when platinum-gold alloys are cast
into moulds the platinum becomes concentrated
towards the centre of the mass, a point of much
interest in connection with the liquation of
alloys. This fact explains the difficulty which
has been met with in determining the value of
ingots of platiniferous gold on the resuit of
assay pièces eut from the exterior of ingots.

Silver alloys in ail proportions with platinum.
The presence of a small quantity of platinum
renders silver hard. Hot sulphurie acid removes
the silver from these alloys. Nitric acid re¬
moves the silver and a portion of the platinum ;
when the proportion of the latter is less than
10 p.c. the whole is dissolved. An alloy of
three parts silver, one part copper, and four
parts platinum, is said to be used for metallic
pens (Busch, D. P. G. 240, 216).

With antimony, platinum unités with in¬
candescence, fusing on further heating to a steel-
grey brittle alloy. With excess of arsenic an
alloy is produced with incandescence, which is
brittle and easily fusible. When heated below
the melting-point, the arsenic is gradually
volatilised, leaving porous platinum in the shape
previously occupied by the alloy, and in a fit
state for working. This alloy, first used by
Achard in 17S4, was employed for a considérable
time as the only means of working platinum.

Bismuth two parts, and spongy platinum
one part, combine readily, forming a bluish-grey,
brittle, fusible, laminated alloy. When fused at
a moderate heat, the metals partially separate.

On heating with cadmium and driving off
the excess by heat, platinum forms a silver-
white, refractory, brittle, fine-grained alloy,
corresponding nearly to PtCd.. With copper
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combination ensues at a white beat. Ail tbe
alloys take a good polisb. Tbat eonsisting of
equal parts, fused in tbe oxyhydrogen blowpipe,
is yellow and easily tarnished. An alloy of 26
parts copper and 1 part platinum is malléable,
rose-coloured, and of fine grain.

Lead combines easily with platinum. Tbe
alloy produced by beating to redness one part
platinum with 2-7 parts lead, is easily fusible,
fibrous, and brittle ; witb two parts of lead it is
rather more brittle ; witb equal parts it is
striated, bard, brittle, and granular. These
alloys lose nearly ail their lead on eupellation,
about 2 p.c. being retained.

When strongly heated witb one part of
nickel, a pale yellowish-white, malléable, mag-
netic alloy is formed, wbieb takes a higb polisb
and is as fusible as copper. Witb an equal
weigbt of tin the alloy is hard, brittle, rather
fusible, and coarse grained. Deville and Debray
have obtained alloys eorresponding to Pt„Sn3 and
PtSn4.

Zinc filings heated below the melting-point
of zinc witb platinum black combine with in¬
candescence.

Witb potassium combination takes place
readily, witb incandescence, forming a shining
brittle alloy, wbieb oxidises in air or water,
forming potassium hydrate and leaving blaek
scales of platinum or platinum hydride.

Oxides. Platinumformstwooxides,platinous
oxide PtO, and platinic oxide PtO„. Two sériés
of salts are known, eorresponding to tbese
oxides.

Platinic chloride PtCl4 is prepared by dis-
solving tbe métal in aqua regia, and evaporating
the solution to dryness on tbe water-bath. It
is a déliquescent sait, crystallising in prisms
containing ten molécules of water ; it is freely
soluble in water, alcobol, and ether.

When the aqua regia solution is evaporated
with fréquent addition of hydrochloric acid as
the nitric acid is evolved, the liquid contains
chloroplatinic acid, PtCl42HCl, wbieb is the
sait generally known as platinic chloride. It
may be obtained in large brownish-red déliques¬
cent crystals containing six molécules of water.
Its hydrochloric acid is readily replaeed by
metallic chlorides, producing double chlorides.
Tbe same salts are produced with the normal
platinic chloride. Of tbese, only tbe three fol¬
iowing are of interest

Potassium platinic chloride PtCl42KCl is
precipitated in small yellow crystals by the
addition of a strong solution of potassium
chloride to a strong solution of platinic chloride.
From a hot solution it may be crystallised in
small reddish-yellow oetahedra. 100 parts of
water dissolve, at 0°C. 0-7, and at 100°C. 5T8,
parts of this sait (Bunsen and Kirchhoff). It is
insoluble in a saturated solution of potassium
chloride, and in alcohol and ether, soluble in
alkaline hydrate, re-precipifated from the solu¬
tion by acids. On ignition, it is converted into
a mixture of spongy platinum and potassium
chloride, with évolution of chlorine.

Sodium platinic chloride PtCl42NaCl is
prepared similarly to the former sait. It is
easily soluble in water and alcohol.

Ammonium platinic chloride PtCl42(NH4)Cl
is prepared like the potassium sait. Its

appearance resembles that of the potassium
sait. 100 parts of water dissolve T25 parts at
100°C. It is almost insoluble in a saturated
ammonium chloride solution, insoluble in alcohol
and ether. When ignited it produces pure
spongy platinum, with évolution of ammonium
chloride and chlorine.

Platinous chloride PtCI2 is produced on
heating chloroplatinic acid or the normal
chloride to 240°C., or by heating spongy plati¬
num in dry chlorine between 240° and 250°C.
(Schiitzenberger, A. Ch. [4] 21, 351). It is a
greenish-grey powder, insoluble in water.

Potassium platinous chloride PtCl.,2KCl
is prepared by the addition of moist cuprous
chloride to a thiok paste of potassium platinic
chloride, which is tlîen warmed and stirred until
the greater part is dissolved. Sufiicient cuprous
chloride should not be added to décomposé the
whole of the platinum sait. The solution is
filtered, cooled, and the platinous sait crystallised
out. The crystals are washed with alcohol, and
on recrystallising from water form soft, rose-
coloured fibres (Magnus).

This compound has found an important
application in photography in the permanent
platinotype process. (See Willis, Photog. News,
i878, 397, and other references in that and
following volumes). (V. Photogkaphy.)

Palladium. Symbol Pd. At. w. 106'35
(Keiser).

This métal, discovered by Wollaston in 1803,
is found in grains, usually containing platinum
and iridium, mixed with Brazilian platinum ore.
In palladiferous gold it forms 5 or 6 p.c. of the
gold washings of Brazil. A sample fromTaguaril
(Brazil) contained 8-21 p.c. palladium. It occurs
with gold and silver to the estent of 10 p.c. at
Porpez, in South America. Mixed with gold and
lead selenide it is found at Tilkerode, in the
Hartz.

A method for separating palladium from
auriferous ores is described by Cock (P. M. [3]
23, 16).

Palladium remains in the solution of the
platinum ore after the précipitation of platinum.
By addition of potassium cyanide to the neutral
solution, it may be precipitated as a white floccu-
lent cyanide, yielding palladium on ignition.

An ingot of palladium in the possession of
Messrs. Johnson, Matthey, & Co., valued at
2,000Z. was extracted from one million pounds'
worth of platinum ore.

Properties.—Palladium is a white, lustrous
métal of sp.gr. 11-4 at22-5° (Devilleand Debray).
It is about as hard as platinum, but rather less
ductile. Palladium is the most fusible of the
platinum metals, melting at the highest heat of a
forge (at 1700CC. according to Pictet; 1500°,
Violle). It is quite unalterable iu air ; at a low
red heat it becomes iridescent from superficial
oxidation, but is again reduced at a higher tem¬
pérature. At the melting-point of iridium, itis
again partially oxidised, andvolatilisesingreenish
vapours. When melted it absorbs oxygen, and
evolves it only on solidification, thus rendering
the métal very porous. It dissolves in nitric acid,
and is easily soluble in aqua regia. The action of
concentrated boiling hydrochloric, or sulphuric
acid is slight. Tineture of iodine blackens the
surface of palladium (distinction from platinum).
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Palladium is som'etimes used for the divided
soles of astronomical instruments, as a superior
substitute for silver plating, and as a substitute
for gold in tooth stopping. When heated in a
spirit-lamp flame it becomes corroded, expanding,
and being penetrated by carbon, and covered by a
soot containing palladium. It exerts a peouliar
action on coal gas. If exposed in a tube or
cracible at a red heat to a current of that gas, a
considérable quantity of carbon is deposited in
canliflower-like masses near the métal. These
are said to contain no palladium, while the pal¬
ladium contains no carbon (C. C. 1882, 384).

A palladium wire heated to redness in
hydrogen absorbs 935 volumes of the gas, and
increases in bulk about 9-8 p.c. Even at the
ordinary températures it absorbs 376 volumes of
hydrogen. No change is visible in the métal,
tut its conductivity for heat and electricity is
reduced. It is usually stable, both in the air
and in vacuo, but the whole of the hydrogen is
liberated on heating in vacuo. According to
Troost and Hautefeuille, it consists of PdJI. It
is a powerful reducing agent.

At a red heat palladium is easily permeable
to hydrogen. A surface of one square mètre
allows nearly 4,000 c.c. of hydrogen to pass
througb per minute, while through caoutchouc
of the same thickness the permeability is only
127'2, and through platinum only 489'2.

The salts of palladium are unimportant. It
tas three oxides and two chlorides. The
double chlorides corresponding to those of
platinum are soluble.

illoys.—Palladium unités with most metals,
but the combinations are unimportant.

Oold containing a very little palladium is
brittle. The alloy of equal parts of these metals
is coarse-grained, and less ductile than either
constituent. With 1 part palladium and 4 parts
gold it is white, hard, and ductile ; with 1 palla¬
dium and 6 gold it is still nearly white.

Palladium black (prepared in the same
manner as platinum black) unités with zinc
ilings with déflagration, when heated below the
fnsing point of zinc.

Iridium. Symbollr. At.w. 192-5 (Seubert).
Iridium occurs in platinum ore, prineipally as

'osmiridium' and ' platiniridium.' Analyses,
fa, have already been given.

Osmiridium, on account of its extreme hard-
ness, its infusibility and indifférence to reagents,
is used in its native condition for pointing pens,
forwatch and compass bearings, and for other
bard-wearing surfaces. The principal district
fromwhich it is obtained is Katharinenberg, whieh
pioduces about 200 ounees annually. Other
districts in the Urals and California come next
ia order of production. The Californian minerai,
beiug heavier, denser, harder, and containing
less platinum than that from Bussia, is best
suited for général purposes.

One ounce of the minerai contains from
3,000-6,000 grains. Many of these are too small
to be of use, and others, on account of their
laminated structure, break during working.
Only about 10 p.c. are found available for pen
points.

A suitable grain is fixed to the end of the
peu by ordinary silver solder, eut through to
ta the two halves of the nib by means of a

revolving copper plate tipped with diamond dust,
and ground to the required shape on a revolving
copper plate with emery and oil. In this way
about 30 ounees are used annually in tbe United
States.

The large quantity of waste grains are said
to be worked up easily by a process patented by
Holland. The ore is heated to redness in a

Hessian crucible, and a stick of phosphorus is
added. In this way the ore is melted, a phos-
phide of iridium being produced, containing
about 7 p.c. of phosphorus and corresponding to
PIr2. It contains a far smaller proportion of
osmium than the ore, the grèater part of that
métal being volatilised.

The phosphide is poured, while liquid, be-
tween two steel plates and rapidly pressed to the
required thickness, usually about of an ineh.
It is then broken or eut to the required size, and
may be used for tipping pens and for a large
number of other purposes.

This alloy appears quite metallic, is liquid at
a red heat ; harder, lighter (sp.gr. 13-77), and less
brittle than osmiridium, and takes an equal or
superior polish.

Tbe phosphorus may be eliminated, if desired.
The phosphide is embedded in lime contained in
a Hessian crucible and heated intensely. The
métal is cooled, and again treated with a fresh
charge of lime for a longer time, until, after four or
five ignitions, the whole of the phosphorus is re-
moved, leaving the métal tough, as infusible as
ordinary iridium, and slightly porous. Thus
treated, it has been used for the négative élec¬
trode of the electric light. (See Dudley,
Proc. Ohio Mech. Inst. [1] 35 ; C. N. 45, 168 ;
F. IV. Clarke and O. Joslin, Am. 5, 231 ; and
a lengthy article on iridium, including its biblio-
graphy, by Perry, C. N. 51, 1, 19, 31.)

The following process may be used for
separating crude iridium from osmiridium.
Mix the powdered minerai with 1 part of
powdered, fused sodium chloride, and heat to
dull redness in a tube, in a current of dry
ehlorine. Iridium and osmium are thus con-

verted into double chlorides with sodium
chloride. They are dissolved out by boiling
water, concentrated, mixed with nitrie acid, and
distilled until the whole of the osmium has
volatilised as oxide. The residual solution is
concentrated, treated with ammonium chloride,
and the precipitated iridium ammonium chloride
is ignited to spongy iridium (Wôhler). Osmiri¬
dium may be rendered more readily aeted upon
by fusing with zinc and a little ammonium
chloride. The metals then combine, and the
zinc may be dissolved out by dilute sulphuric
acid, leaving iridium and osmium as impalpable
powders.

The purest commercial iridium contain3
platinum, rhodium, ruthénium, and iron. G.
Matthey (Pr. 28, 466 ; C. N. 39, 175) adopts
the following process for removing ail impurities
except a small quantity of platinum, which, for
purposes for which iridium is usually required,
is not injurions. The finely-powdered com¬
mercial métal is fused with 10 parts of pure
lead, and kept in fusion for some hours. The
cooled mass is heated with nitric acid to remove

lead, and the residue is digested for a considér¬
able time in agua regia, leaving a crystalline
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mass of iridium, rhodium, ruthénium, and iron.
This is fused at a high température' with potas¬
sium bisulphate, eooled, and digested with water.
Rhodium is thus removed as the double sulphate
of rhodium and potassium, leaving only a trace
of that métal, which is removed subsequently,
with the iron. The residue is melted for a con¬

sidérable time with 10 parts dry potash and 3
parts potassium nitrate in a gold crucible.
The cooled mass is digested with cold distilled
water to remove the potassium rutheniate thus
produced, leaving only bluish potassium iridiate
mixed with ferrie oxide. This residue is well
washed with water containing a little potash
and sodium hypochlorite until the washings are
colourless, and, finally, with distilled water.

The blue residue is mixed with water con¬

taining exeess of sodium hypochlorite, and
digested in the cold for some time, transferred
to a distilling vessel, warmed, and finally dis¬
tilled until the distillate no longer imparts a red
tinge to diluted alcohol aeidulated with hydro-
chloric acid. The ruthénium has then passed over
as the volatile tetroxide. The residue is again
heated with potash and nitre, and treated as
before to remove the last trace of ruthénium.

The remaining blue powder (iridium oxide)
is re-dissolved in aqua regia, evaporated to dry-
ness, re-dissolved in water, and filtered. The
dark solution is slowly poured into a concen-
trated solution of soda containing sodium hypo¬
chlorite (which should still remain clear), and
distilled with a stream of ehlorine, testing the
distillate as before for ruthénium.

The greater part of the iridium is thus pre-
cipitated as the blue oxide, which is washed,
dried, and subjected, in a porcelain or glass
tube, to the combined action of carbon monoxide
and dioxide evolved from a gently-heated mix¬
ture of sulphuric and oxalic acids. The iridium
is thus reduced to métal, while the ferrie oxide
is unaffected. It is heated to redness with
potassium bisulphate to remove iron and the
last traces of rhodium ; well washed, digested
in ehlorine water to remove any traces of gold,
and in hydrofluorie acid to remove silica (acci-
dentally introduced from the vessel or alkalis).
It is then calcined at a strong red heat in a
charcoal crucible, melted into an ingot, broken
up, and boiled in hydrochloric acid to remove
any iron which may have become attached
during the breaking. The métal has then a
sp.gr. 22-38, and contains a small quantity of
platinum and minute traces of oxygen, ruthé¬
nium, rhodium, and perhaps of iron.

The isolation of the first considérable mass of
iridium was effected by Mr. Edward Mattliey, and
the resuit was exhibited in the Paris Exhibition
of 1855, in the form of an ingot. It formed a por¬
tion of the métal extracted from many thousands
of ounces of platiniferous residues. Since then
the refining and employment of iridium has be¬
come an industry practically inséparable from
the working of platinum, the alloy of 10 p.c.
iridium and 90 p.c. platinum having been se-
lected after exhaustive trials for the standard
weights and measures manufactured by Johnson,
Matthey, & Co. for the Committee on Inter¬
national Standards.

These alloys were prepared by fusing, by
means of the oxyhydrogen blow-pipe, a mixture

of pure platinum and pure iridium in tlie re-
quired proportions, using slightly more iridium
than required in the alloy to allow for loss from
oxidation during the working. The alloy was
subsequently carefully hammered and worked
into the desired form, with ail précautions to
prevent the introduction of impurities and to
ensure its homogeneity. To metallurgical
chemists it will be interesting to note the
extreme degree of purity attained in the large
quantity of platinum (about 10,000 ounces)
prepared for this purpose under the spécial
supervision of Mr. George Matthey. M.
Stas, of Brussels, analysed it on behalf of the
International Committee, and stated that parts
1,000 parts of the mass contained 999-998773
of platinum—a resuit probably unsurpassed in
metallurgical annals.

Matthey recommends for standard rules the
alloy of iridium 15 p.c. and platinum 85 p.c.,
made in the tubular form ; for standard weights
the alloy containing 20 p.c. of iridium (v. Alloys
of iridium). Eor an account of the means used
for fusing such alloys, see Morin (C. B. 78,
1,502).

The following process was adopted by Deville
and Debray for refining iridium (C. R. 81, 840).
The finely-powdered métal is ignited with lead,
and the alloy treated successively with nitric
acid, aqua regia, and sulphuric acid. The re-
sidual crystalline iridium, free from osmium, is
ignited with 4 parts barium oxide and 1 part
barium nitrate, or with 5 parts of barium di¬
oxide, in a silver crucible, mixed with 4 or 5
parts of water, subjected to a current of ehlorine,
and distilled when saturated. The ruthénium
then volatilises as tetroxide, leavinggreeniridium
trichloride. Sulphuric acid is then added, the
liquid decanted from the preeipitated barium
sulphate, and evaporated to dryness. The brown-
ish-red iridium dichloride remaining is taken
up with water, treated with ammonium chloride,
and the precipitate washed with concentrated
ammonium chloride solution and calcined in a

current of hydrogen. The métal is heated with
potassium nitrate and potash in a silver cruci¬
ble ; the violet mass is taken up with water, and
the residue washed successively with water,
ammonium chloride, and oxalic acid, and finally
with ehlorine water and ammonia. It is then
calcined in a carbon crucible and melted in the
oxyhydrogen blow-pipe.

Properties.—Iridium is a white, steel-like
métal of sp.gr. 22-39 (G. Matthey) or 22-42
(Deville and Debray), brittle when cold, some-
what malléable at a white lieat. At a red heat
it is superficially oxidised, but again beoomes
reduced at about 1000°C. It melts in the
oxyhydrogen flame at 2500°C. according to
Pietet. Iridium is used for the knife edgesof
delicate balances and other hard-wearing sur¬
faces.

By exposure of a solution of iridium sulphate
containing alcohol to light, the métal is deposi-
ted as an impalpable iridium black, more ener-
getic in its action than platinum black. A
minute portion of the washed and dried powder,
when placed upon a paper soaked in alcohol
will induce its combustion. Iridium unités with
ehlorine at a dull red heat ; the pulvérulent métal
is oxidised on ignition with potash or potassium
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nitrate, with formation of potassium iridiate.
Pure iridium is not soluble in aqua regia, but
dissolves when alloyed with muoh platinupi.

When held in tke flame of a spirit lamp it
produces a carbide of iridium, becoming dark-
grey in colour, being penetrated with oarbon and
covered with black exerescenees oontaining muoh
iridium, which ignite on exposure to the air.
The oxides are reduced to carbides wheu ignited
in gases oontaining carbon.

Iridium forms three chlorides, each of whioh
combines with alkaline chlorides. Tour oxides
are known whose solutions in acids and alkalis
readily pass one into another, with change of
colour.

Alloys.—Iridium alloys with most metals,
increasing their hardness.

With platinum the alloys are of great im¬
portance. Iridium, even when présent to the
estent of less than 2 p.c., increases the hardness
and indifférence to reagents of platinum, and
raises its melting point. The 10 p.c. alloy is
used for making the most refractory platinum
vessels ; it has been used for the vents of Whit-
worth cannons and other heavy ordnance. Its
durability is great ; its elastieity equal to that
of steel; its sp.gr. 21-615 (Deville and Debray) ;
it taies a very fine polish. The 15 p.c. alloy
vas used in the préparation of the standard
raies already mentioned. Its duetility, rigidity,
and malleability are high ; its sp.gr. 21-618
(Deville and Debray). The alloy of 20 p.c.
iridium has an extremely high co-effieient of
elastieity (22,200,000) ; its malleability and due¬
tility are almost unlimited. On account of its
high sp.gr. (21-614 Matthey), it is most useful
for making standard weights. With 25 p.c.
iridium, the alloy is hard to work. With 30-40
p.c. it is brittle when eold and hard to work,
even near the melting-point. Its grain is ex¬
tremely fine. A platiniridium alloy is used by
Sellon for his gas-bumer.

Iridium cannot be alloyed with gold. Great
trouble is experienced by the Eussian Govern¬
ment in the séparation of the hard particles of
osmiridium from the gold used for their coinage.
Iridium can, however, be iixed to gold with
ordinary silver solder.

With copper a hard brittle alloy is produced,
suitable for hard-bearing surfaces, even when
the proportion of iridium is small.

Osmium. Symbol Os. At.w. 190-3 (Seubert).
The mode of occurrence of this métal has

been already described under iridium. Its
séparation from osmiridium dépends on its
property of forming a volatile tetroxide. Os¬
mium is thus obtained as a by-product in
the séparation of the platinum metals. The
distillate oontaining this oxide, obtained as
already described (Iridium), is treated with am¬
monium sulphide and boiled. The precipitated
sulphide is washed, dried, placed in a gas-coke
crucible within a clay crucible, whose cover is
well luted down, and the whole heated for four
hours to the melting-point of nickel. The métal
so produced may be rendered denser by heating
in the oxyhydrogen flame. At the strongest
beat of this flame osmium volatilises without
previous fusion. As the tetroxide is intensely
poisonous, ail opérations should be performed in
a draught cupboard.

When heated with 5 or 6 parts of tin at
bright redness it dissolves. On cooling and
treating the mass with hydrochlorie acid, the
osmium is left as a hard crystalline powder.

The spécifie gravity is 22-43, i.e. higher than
that of any other substance.

Osmium forms three chlorides and five oxides.
The volatile tetroxide Os04 is formed when the
métal is heated in the air or with potassium
nitrate, or when solutions containing osmium
are heated with oxidising agents. It forms
colourless, acicular, transparent, flexible crystals,
easily fusible, and freely soluble, boiling at
100°C. It forms weak eombinations with alkalis,
but is evolved from such solutions on boiling.

Ruthénium. SymbolRu. At.w.101-4 (Joly).
This métal is prepared by Deville and Debray

(C. E. 83, 926) as follows :—Osmiridium, reduced
to a fine powder by fusion with zinc (as described
under Iridium), is heated for two hours, with a
mixture of 3 parts barium oxide and 1 part
barium nitrate to about the melting-point of
silver. The cooled mass is finely powdered
and added to dilute hydrochlorie acid in a
stoppered bottle and cooled to prevent the escape
of osmium oxide. When ail action has ceased, 1
part nitric and 2 parts sulphuric acid are added,
the mixture shaken, settled, and deeanted from
the barium sulphate. About three-quarters of
the liquid is then distillecl off, the whole of the
osmium being contained in the distillate. The
equally-volatile ruthénium tetroxide is not pro¬
duced under these cireumstanees.

To the residue is added 2 or 3 parts am¬
monium chloride and a little nitric acid, the
liquid evaporated on a water-bath, and washed
with a mixture of 1 part saturated ammonium
chloride solution and 1 part water until the
wasliings are colourless.

The residue, consisting of ammonium iridium
and ammonium ruthénium chlorides, is ignited,
and the residual metals are fused for two hours
in a silver basin, with a mixture of 2 parts
potassium nitrate and 1 part potash, and
dissolved in water, leaving the bluish potassium
iridiate. The solution is treated with nitric acid
until the yellowish red colour due to potassium
rutheniate is destroyed, and the ruthénium is
precipitated as oxide containing silica and a
trace of iridium and osmium. It is ignited in a
graphite crucible, and fused by the oxyhydrogen
flame.

Potassium rutheniate is obtained in the
purification of iridium (v. Matthey's process)
which may be reduced as above.

Ruthénium is a hard, brittle métal of sp.gr.
11-4 after fusion. It oxidises slowly in the air
and burns with brilliant sparlcs, a smoky flame,
and an odour of ozone when heated in oxygen.
It may be obtained in crystals by fusion with
tin, as described under Osmium. Ruthénium
melts at about the same température as iridium.
It is scarcely aiïected by aqua regia, but com¬
bines with chlorine at a red beat.

Ruthénium forms 3 chlorides and 5 oxides.
The volatile tetroxide, frequently formed in the
séparation of this métal, is not produced, as is
the case with osmium, by distillation of the
solution with aqua regia. It distils over on
passing chlorine through a heated alkaline solu¬
tion of a ruthénium sait. It forms golden-
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yellow crystals, melting at 58°C. and boiling at
about 100°C., but deoomposing with explosion
when the température reaches 108°C.

Rhodium. Symbol Rh. At. w. 102'7 (Jôr-
gensen, Seubert, and Kobbé).

This métal is eontained in the solution from
the précipitation of platinum. The metals
are eo-preeipitated by metallic iron, washed,
mixed with 1 part lead and 2 parts litharge, and
fused. Lead, copper, and palladium are removed
from the mass by dilute nitrie acid, and the
residue is heated to redness for two hours, with
5 parts barium dioxide. It is eooled, lixiviated
with water, and the residue is boiled and dis-
tilled with aqua regia to remove osmium.

The remaining solution is treated with sul-
phuric acid, decanted from the precipitated
barium sulphate, evaporated at 100°C. with
excess of ammonium chloride, washed with a
solution of ammonium chloride until the wash-
ings are no longer red. The filtrate and wash-
ings are evaporated with sufficient nitric acid to
décomposé the ammonium chloride, and the
residue is heated to redness with 3 or 4 parts of
sulphur. Nearly pure rhodium remains on boil¬
ing the residue with aqua regia and sulphuric acid.

Properties.—Rhodium is a white, hard, mal¬
léable métal, fusing at about the same tempéra¬
ture as platinum and absorbing oxygen like that
métal.

It is insoluble in aqua regia when pure, but
soluble when alloyed with much platinum, or
with oxidisable metals, such as bismuth or

copper ; aceording to Deville the alloy of pla¬
tinum containing more than 30 p.c. of rhodium
is insoluble in aqua regia.

Rhodium is readily attacked by chlorine. It
combines with sulphur, but is again reduced to
métal on strong ignition. When a solution of a
rhodium sait is treated with sodium formate, the
métal falls as a fine powder, which décomposés
formic acid energetically into liydrogen and car-
bon dioxide, and, when heated, couverts alcohol
in presence of alkalis into hydrogen and alka-
line acetate. Aceording to Claus, only one de-
finite chloride exists—the trichloride. Four
oxides are known.

PLUMBAGO v. Graphite.
PODOPHYLLIC ACID, PODOPHYLLO-

QUERCETIN, and PODOPHYLLOTOXIN v.

Podophyllum resin, art. Resins.
PODOPHYLLUM RESIN v. Resixs.
POLYCHREST SAIT. An old name foi-

normal potassium sulphate ; applied also some-
times to Rochelle sait.

POLYGALIC ACID v. Senega.
FOLYHALITE. A crystalline mixture in in-

definite proportions of the sulphates of calcium,
magnésium, and potassium occurring with rock
sait in the Stassfurt sait deposits and other
localities (v. Potassium, salts of).

POLY'TELITE v. Feeibeiîgite.
PONCEAU v. Azo- colouring mattebs.

PONCEAU ANISIDINE v. Azo- coloueing

mattebs.

PONCEAU CRYSTAL v. Azo- coloueing

mattebs.

POPPY OIL. A fat drying oil obtained by
expressing the seeds of the black poppy (Papaver
somniferum), resembling olive oil in appearance
and smell. Is used as an article of dietin South

Germany and France, and is employed in paint-
ing after having been bleached by exposure to
the sun in shallow vessels containing sait water.

PORCELAIN v. Potteby.
PORCELAIN CLAY v. Clay.
PORCELAIN STONE v. Clay.
PORPEZITE. A native alloy of gold and

palladium.
PORFHYROXINE v. Vegeto-alkaloids.
PORPHYRY. A term loosely applied to any

rock in which distinct crystals are embedded in
a fine-grained ground-mass. The structure is
well seen in many igneous rocks, where crystals
have Consolidated from a molten magma before
the éruption of the mass. The typieal porphyry
of the ancients, lapis purpureus, contains crys-
stals of white or pink felspar in a purple, crimson,
or chocolate-coloured base, whence the original
name ttoptpupovs or Troppupirps AiQos. It was ex-
tensively quarried by the Romans at Djebel
Duchan (' Mountain of Smoke '), in Eastern
Egypt, a locality described by Latin writers as
Mons porphyrites ; but though regarded as the
most sumptuous of décorative stones, and largely
used by Roman arehitects and sculptors for
pillars, pavements, busts, and sarcophagi, it
appears to have been unworked by the ancient
Egyptians.

The crystals in the ancient red porphyry
were analysed by Delesse, who found them to be
a lime-soda plagioelase (Bul. Soc. Géol. France,
2 sér. 7, 484). The crypto-erystalline ground-
mass contains much felspar altered to a reddisb
material, having the characters of epidote, and
compared by Liebisch with the withamite, or
red epidote from the porphyrite of Glencoe.
Beautiful crystals of hornblende occur in the
ancient red porphyry, and the rock may be de¬
scribed as a homblende-porphyrite. Some varie-
ties exhibit a brecciated structure, suggestive of
an altered volcanic tuiï, but referred by Rutley
to the effect of crushing the rock and cementing
the fragments in situ (Quart. Journ. Geol. Soc.
41, 1885, 157). The history of the rock bas
been fully worked out by 0. Schneider (Uebcr
den roten Porphyr der Alten, Dresden, 18S7).
The Egyptian quarries have been visited and
described by Williamson and other travellers
(v. W. Brindley, Trans. R. Inst. Brit. Arehitects,
1888). Red porphyry, somewhat similar to the
Egyptian, but less beautiful, occurs in the
Sinaitic peninsula, atElfdaleniu Sweden, and in
Siberia. The porfido rosso antico of Egypt is to
be clearly distinguished from rosso antico, or the
ancient red marble of Laconia.

The green porphyry of the ancients {porfido
verde antico), known to Italian antiquaries as
serpentino, was worked at Mount Taygetus in
the Morea, and termed lapis Lacedœmônius. It
contains white, or pale-green, crystals of plagio¬
elase, embedded in a ground-mass fille.d with
viridite, or chloritie produets of the altération
of ferro-magnesian silicates. A similar, but less
handsome, stone is the diabase-porphyrite of
Lambay Island, near Dublin ; the Lake District
of Cumberland also yields a similar rock. Most
of the rocks termed porphyrites are regarded by
modem petrographers as altered forms of andés¬
ite, a type of volcanic rock allied to trachyte,
but having its felspar plagioclastic and not
orthoclastic.
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The quarts-porpliyries, belonging to the acid
gronp of igneous rocks, and known in Cornwall
as clmns, contain well-developed crystals of
quartz, and often also of felspar, embedded in a
lelsitic ground-mass, consisting of a minutely
crystalline aggregate of felspar and quartz. The
elvans are sometimes worked as ornamental
stones. Many granité rocks are beautifully por-
phyritic, and sorne of the Cornish granités owe
their character to the presence of bold crystals
of orthoclase. Fine crystals of pink and salmon-
colonred orthoclase form the characteristic fea-
ture of the well-known porphyritic granité of
Shap in Westmoreland, and of the handsome
luxallianite of Cornwall. F. W. E.

POKPOISE OIL is obtained by heating the
belly-blubber of the porpoise (Delphinus
fhoccem) with water. Has a sp.gr. 0-937 at
15°, and when fresh possesses a pale-yellow
colour and a smell of sardines. Becomes
colourless on exposure to air, and acquires an
acid reaction from formation of valerianic acid.

POKTLAND CEMENT v. Cements.
PORTUGALLO OIL. Essential oil of orange-

pcel (». Oils, essential).
POTASSIUM. Symbol K. At. w. 39-03

(Stas).
Occurrence.—Potassium occurs,principally as

chloride and sulphate, in sea- and other natural
waters, a litre of the former containing from 0-5
to 0-7 grms. of the element. As chloride or
carbonate, or as an organic sait, it occurs in
soils and vegetable and animal substances.
Thus, wood ashes contain much potassium car¬
bonate, which also forms a considérable propor¬
tion of the ash of marine plants, sueh as lami-
rnria and fuci. Potassium occurs as sylvine or
sylvite KC1, and as carnallite KCl.MgCLOHA»,
espeeially in the beds overlying the great sait
deposits of Stassfurt. As nitrate, it is found
as an efflorescence on the soil, usually with
the sodium sait, in Peru, Chili, &c., and as an
important constituent of many minerai waters,
such as those of Harrogate and Vichy. As
the double sulphate of aluminium and po¬
tassium, it occurs in alumstone or alunite
3AI,S0s.ICSO4.GH2O, principally in trachyte and
other rocks subjeeted to the action of sulphur-
ous gases. It is found as bitartrate in wines,
and as sulphate, carbonate, and chloride in
keetroot molasses. As an organic sait (sudo-
rate) it occurs in the ' suint ' of sheep, and is
separated therefrom as carbonate together with
woolfat («. Eeports by the Juries on the Exhi¬
bition of 1862, p. 41, and Langbeck, S. C. I.,
1890,356).

The main source of potassium, however, is
the primitive rocks, in which it occurs as ortho¬
clase (potash felspar) Al203K,0.6Si02 ; musco-
vite (potash mica) K20.3Al2~03.4SiO,,, leucite
K,0.Al,O3.4SiO2 ; apophyllita

4(Ca0.2Si02.H.,0)KF,
and other zeolites, and in many other silicates.

Manufacture. — The compound nature of
the alialis, and the presence in them of oxy-
gen, had been suspeeted previous to 1807 (v.
Lavoisier, Traité de Chimie, II. 194), but the
isolation of potassium was not effected until
that year, when Davy obtained it by electrolysis
ofthefused hydrate (T. 1808, 1; 1809, 39; and
1810, 16). The métal was soon prepared in

larger quantity by Gay-Lussac and Thénard
(A. Ch. 65, 325, and 66, 205) by slowly passing
the hydrate over iron filings heated to whiteness
in a gun-barrel protected by a luting of clay,
their process being modified by Berzelius
(Gilbert's Annalen, 6 (N. F.) 198), Mantell
(Annals of Philosophy, Thomson and Phillips,
22, 232), Gmelin (Handb. 3, 5) and Tennant
(A. 93, 291).

An important improvement was next intro-
duced by Curaudau (A. Ch. 66, 97, and P. M.
1810, 36, 283), who replaeed the iron by Carbon
or carbonaceous matter. This, and the other
processes in use, were examined by Brunner
(Bibliothèque Universelle de Genève (1823) 22,
36, and Schweigger's J. fiir Chem. und Phys. 35,
517), who also improved upon the apparatus
employed by Bucholz (A. Ch. 73, 78), Tromms-
dorff (Gilbert's Annalen, 30, 333), Lampadius
(Schweigger's J. fiir Chem. und Phys. 34, 221),
and others.

Brunner's process, as improved by Wôhler
(P. (1825) 4, 23, and 474), consists in carbonis-
ing potassium bitartrate in a covered vessel,
and heating the résultant mixture of carbon and
potassium carbonate with powdered charcoal in
a mereury bottle, at the température of a power-
ful wind furnace. Kukla (Zeits. fiir phys. und
verwandte AVissenschaften (1837), 5, 466), Wer-
ner (J. pr. 14, 267), Schœdler (A. 20, 2).
Anthon (E. P. 58, 318) and Gale (Am. S. 19,
205, and 21, 60), proposed various arrangements
and lûtes for protecting the retort from the
furnace, the two first, and Pleischl (Zeits. fur
phys. und verwandte Wissenschaften, 2, 307,
and 343, 3, 326) also proposing modifications
in the mixture used.

The method of condensing was next im¬
proved by Donny and Mareska (A. Ch. [3] 35,
147, v. also Mitscherlich, Lehrb. der Chem. 2,
10), who introduced the condenser described in
the article Sodium ; while the addition of
chalk to the mixture was found to facilitate the
réduction by rendering the mass pasty instead of
liquid, at the réduction température, thus pre-
venting the séparation of the carbon from the
alkali (v. Deville, De l'Aluminium (Paris, 1859),
650, and Kiihnemann, J. 1864, 180).

For the préparation of potassium of greater
purity, Matthiessen (C. J. 1855, 8, 27) proposed
the electrolysis of the easily fusible mixture of
potassium and calcium ehlorides.

The use of sodium instead of potassium for
the manufacture of aluminium was introduced
in 1854 by Deville (A. Ch. 1856, 46, 415), who
also made many improvements in the manufac¬
ture of the métal. Since then, sodium has
almost replaeed potassium for use in the arts.
The inconvenience and waste attending the
manufacture of potassium, owing to the pro¬
duction of explosive compounds with carbon
monoxide (v. Liebig, A. 11, 182, and Brodie,
C. J. 12, 269), accounts to some extent for
its high price. In Castner's process, the propor¬
tions used are such that no carbon monoxide is
formed during the réaction, so that potassium
can now be produced at a price not greatly ex-
ceeding that of sodium.

The various processes employed in the pré¬
paration of potassium are identical with those
used in sodium manufacture, and are described,
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together with a list of patents and other matters
relating equally to both metals, in the article
Sodium.

The crude potassium obtained by any pro-
cess in which carbon monoxide is a constituent
of the evolved gases, always contains the explo¬
sive eompound above mentioned, which renders
it liable to detonate on the slightest friction.
For this reason, it must be redistilled, once or
twice, when so prepared.

Properties.—Potassium, when freshly eut,
has a brilliant, silvery metallic lustre. It crys-
tallises in obtuse octahedra, showing a greenish-
blue tint (Long, C. J. 1860, 13, 124).

According to Baumhauer (B. 6, 655), its
sp.gr. at 13° is 0-875. At 0°, potassium is
brittle, and possesses a crystalline fracture. At
15°, it aequires a waxy consistency, and a few
degrees higher becomes pasty, melting at 62-5°
(Bunsen, J. 16, 178) and boiling at 719-731°
according to Carnelley and Carleton "Williams
(C. J. 1879, 565), or at 667° according to Per-
man (C. J. 1889, 328). The vapour has a green
colour, and attacks glass and porcelain. Its
characteristic channelled absorption spectrum
has been examined by Boscoe and Schuster
(Pr. 22, 362, and C. N. 29, 268).

Its molecular weight as determined by
Baoult's method, using mercury as a solvent, is
between 29-1 and 30-2 (Bamsay, C. J. 1889, 533).
The lowering of the melting-point of potassium
by the presence of sodium, gold, and thallium
has been determined by Heycock and Neville
(C. J. 1889, 666).

Potassium dissolves in liquefied anhydrous
ammonia forming a deep-blue solution, from
which the métal is re-obtained on evaporation
of the ammonia (Seeley, C. N. 23, 169). It is
the most electro-positive element known with
the exceptions of cœsium and rubidium, and is
an extremely powerful redueing agent. Hence
the use of potassium for the préparation of less
electro-positive elements, such as boron, silicon,
magnésium, aluminium, &c., for the réduction of
gases containing oxygen and of organic and other
compounds.

On exposure to the air, it rapidly becomes
converted into the hydrate and finally into the
carbonate. It décomposés water with sufficient
energy to ignite the liberated hydrogen. When
carbon dioxide is passed over heated potassium,
it is reduced to carbon, with formation of potas¬
sium oxide.

Potassium unités directly with the halogens
and with sulphur, sélénium, tellurium, and
phosphorus, burning brilliantly when heated
with them. When heated in carbon monoxide,
it forms a black mass identical with the explosive
body produced in the manufacture of potassium.

Alloys.—Potassium alloys with most metals,
usually by being heated with them. The more
important alloys are described under the various
metals. With sodium, potassium forms alloys
of low melting-point, as observed by Davy.
Greville Williams (C. N. 3, 21) has obtained an
alloy melting below the ordinary température
and containing about one fourth its weight of
potassium, by heating sodium with potash to
about 171°; while Wanklyn (C. N. 3, 66) has
obtained a similar alloy by heating sodium with
potassium acetate.

Potassium combines directly with mercury,
with évolution of heat. The melting-poiuts of
a number of these amalgams bave been deter¬
mined by Merz and Weith (B. 14, 1445). When
containing 70-96 parts of mercury to 1 part of
potassium, the amalgam is crystalline. With
30 parts of mercury, it is hard and brittle.
When heated to 440°, they ail leave a crystalline
amalgam of the composition HgE^, spontané-
ously inflammable on exposure to the air
(De Souza, B. 9, 1050), but ail the mercury is
evolved below a red heat. Kraut and Popp
(A. 159, 188) have prepared a crystalline amal¬
gam of the composition Hg24K„.

POTASSIUM, SALTS OF. The sources from
which potassium salts are obtained for technical
purposes are—firstly,the sea-water ; secondly,the
minerai crust of the earth ; thirdly, the vegetable,
and to some extent the animal, kingdom.

The quantity of potassium salts contained
in sea-water is not very large, but it has been
found economically possible to extraet it there-
from, as we shall see in potassium cliloride.
Indireetly, the potassium salts obtained in the
working up of kelp are derived from this source.

The minerai crust of the earth contains
potassium in the state of silicates, as a consti¬
tuent of several of the most important minerais,
as felspar and mica. By the decay of the
rocks containing those minerais, potassium com¬
pounds have been spread ail over the earth as
part of the arable soil; from this source are
derived, not only the potassium compounds con¬
tained in ail plants, but probably most of those
contained in sea-water. The importance of this
occurrence of potash is enormous for the exist¬
ence of ail organisms ; but it has not been pos¬
sible so far to extraet potassium compounds for
technical purposes from the natural silicates or
the arable soil.

Several other salts of potassium are, how-
ever, more adapted for this purpose. Potassium
nitrate, as found in the crude state, especially in
India, is eertainly more valuable in respect of
its acid than of its alkaline constituent ; but the
latter is also very important, as is best proved by
the large quantity of potassium cliloride em-
ployed for the manufacture of artificial sait-
petre.

Potassium sulphate occurs in large quantifies
in alum rock, and in several of the minerais found
together with carnallite in the Stassfurt deposits.

Potassium cliloride is found both in the pure
state, as sylvin, and in much larger quantifies
as carnallite, in the Stassfurt deposits and some
other places. This is at présent the most im¬
portant of ail the sources from which potassium
salts are obtained for technical purposes.

In the vegetable kingdom potassium is uni-
versally found, principally in the liquid contents
of the cells and vessels, chiefly combined with
organic acids. On burning it appears in the ashes
as carbonate, together witli more or less sulphate,
cliloride, phosphate, and silicate. It is unnecessary
to say that ail this potassium is derived from
the soil on which the plants grow ; but for rnany
centuries, indeed, apart from saltpetre and kelp,
nearly up to the middle of this centuiy, wood
ashes formed practically the only source of po¬
tassium compounds employed for technical pur-
poses. Even at the period stated it was, in the
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Sist instance, another vegetable source which
«as opened out for potassium compounds—viz.,
tournasse—thatis, the residue left on distilling
fermented beet-root molasses. Hence the ex¬

pression 1 vegetable alkali,' by which potash was
distinguished from sodawhen Duhamel, in 1736,
had proved the separate existence of those
bodies, was altogether appropriate, not only at
this time, but even much later, until the Stass-
fnrt discoveries made that désignation altogether
unsuitable.

Even the animal kingdom contributes a cer¬
tain quantity of potassium compounds, in the
shape of the carbonate of, potash from the ' yolk '
otsheps'wool (suint).

Potassium chloride. This sait, which in
commerce is generally known as 'muriate of
ptash,' was formerly obtained as a by-product
in various manufactures, as in the working up of
kelp for iodine, from the spent ley of soap-
înakers, in refining native saltpetre, &c. The
quantifies thus obtained were not very large, if
compared with the présent state, and they were
principally used in the manufacture of alum
and of potassium chlorate. Some more potas¬
sium chloride was afterwards obtained in
Balard's process of working-up the mother-
liquors from the manufacture of sea-salt, and
a good deal more in the manufacture of
potasbes from vinasse (cf. Potassium carbonate,
infra).

But ail this sinks into insignifiance beside
the enormous quantifies obtained from the Stass-
frnt cornallite, and we shall therefore here de-
scribe the Stassfurt occurrence of potassium
salts, as well as the methods of manufacture
pursued there.1

The village of Stassfurt is situated on the
river Bode, not far from Magdeburg, in Prnssian
Saxony, close to the borders of the small prin-
cipality of Anhalt. In 1850 Stassfurt numbered
2,000 inbabitants, in 1885, 16,000, and the ad-
joining newly-formed village of Leopoldshall (in
Anhalt), 4,000 inhabitants. The Stassfurt brine-
springs are mentioned as far back as 1227, ' and
in the last century 7,000 tons of sait per annum
were made there in 30 salt-pans; but about
1815 the production of sait from brine was
stopped tbere, baving ceased to be remunerative
in the face of competing brine-springs. In 1839
the Prussian mining office commeneed boring
for rock-salt, and in 1843 tbe sait was struek at
a depth of 850 feet. The boring was continued
for another 1,080 feet without getting to the
bottom of the stratum of sait; but the brine
pumped up was extremely impure, containing,
together with sodium chloride, a large quantity
of magnésium chloride, potassium chloride, and
magnésium sulphate. It was, however, eonjee-
tured at once that these salts might be deposited
in separate strata, and it was resolved to sink
hvo shafts. These were commeneed in 1852,
and vvithin five years they had reached a thick
stratum of pure rock-salt, after having penetrated
a number of strata of other salts, of an aggre-
gate thickness of 530 feet, whieli were called
'abraumsalze,' because they were at first con-

1 In this part we follow to a great estent tlie detailed
description byPfeitïer, in his'Handbuch der Kali-Tndustrie,'
Brauuschweig, 1887 (c/. also, for some détails, Hake, S. C. I.
1883,140 ; and Borsche, S. 0. 1. 1888, 296).

sidered useless, and had to he taken away before
getting to the rock sait.

Later on it was found that the sait deposits
occupy an enormous basin in the North German
Plain, which has been successfully tapped in
several other places, of which we mention only
Sperenberg, near Berlin, where the boring was
continued through the enormous thickness of
3,940 feet of sait without getting to the bottom ;
also at Segeberg, near Liibeck, and in other
places. But the potassium-bearing ' abraum¬
salze ' have appeared only in the vicinity of
Stassfurt, in the Upper New Bed Sandstone,
where the following shafts have been opened :—

In 1856 and 1857, the two Prussian shafts at
Stassfurt ; in 1861, the Anhalt shaft at Leopolds¬
hall ; in 1876, two shafts at Douglashall, near
Westeregeln ; in 1876, a shaft at Neu-Stassfurt;
in 1878-1883, another two shafts at Stassfurt ;
in 1883, a shaft at Aschersleben, sunk by the
Continental Diamond Bock-Boring Company ;
some more shafts at Solvay's mines, near Bem-
burg, at Schonebeck, &c. ; the Hercynia shaft at
Yienenburg.

The profiles (figs. 1 and 2) give an ideaof the
strata piereed in the two oldest and most impor¬
tant shafts at Stassfurt and Leopoldshall.

At Stassfurt itself the total thickness of the
sait strata is estimated at about 2,500 feet, and
the time necessary for their formation at about
8,000 years. F. Bischof, who has examined
them most thoroughly, divides them into the
four following 'régions,' of which only the first
and the last have become of teehnical import¬
ance.

1. Anliydrite or rock-salt région, so called
from the strings of anhydrous calcium sulphate
which divide the rock-salt into bands of an aver-

age thickness of nearly 4 inches, eaeh of which
is supposed to be a year's growth. The layers
of calcium sulphate are only one quarter inch
thick, and amount only to 4 per cent, by weight of
the rock-salt in the upper strata, or 9 per cent, in
the lower strata. By mechanically separating the
anhydrite, rock-salt of 99 per cent. NaCl can be
obtained on a large scale. Small quantlties of
hydroboraeite (CaMgB6On, 6H„0) and of stron¬
tium sulphate are found here as well. The thick¬
ness of this stratum varies a great deal ; in the
centre of the basin it may be estimated at about
2,000 feet.

2. Polyhalite région. Here the rock-salt is
already mixed with mother-liquor salts, of which
the dominant one is polyhalite,

2CaS04,MgS0.„K2S04,2H20.
Magnésium chloride accompanies the rock-salt,
and small quantities of brimstone and of bitu-
minous substances are found here. The average
composition of this stratum is : 91 rock-salt,
6| polyhalite, | anhydrite, 1J magnésium chlor¬
ide ; its thickness is 207 feet.

3. Kieserite région, so called from the occur¬
rence of white bands of kieserite, MgS04,H20.
The average mixture is :

65 per cent, rock-salt
17 ,, kieserite
13 „ carnallite

3 „ bischofite, MgCI2,6H„0
2 ,, anhydrite.

This stratum has a thickness of 187 feet.
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4. Camallite région. This contains 55 p.c.
of camallite, KCl,MgC)2,0H,O, the most valuable
of the Stassfurt salts, together with 25 p.c. rock-
salt, 16 p.c. kieserite, the remaining 4 p.c.
consisting of magnésium chloride (bischofite),
magnésium bromide, tacliydrite

(CaCl2,2MgCl2,12H20),
boracite or stassfurtite (2Mg3B80]5 + MgCl2), an-
hydrite, reichhardtite (MgS04,7H20), clay, sand,
micaceous oxide of irou, &c. The thickness of
this stratum is 140 feet.

In some places the action of water has pro-
duced important changes in this région which
have replaced the kieserite and part of the
camallite by kainite, K2S04,MgS04,MgCl2,6H„0

(about 55 p.c. of the whole), part of whicli has
passed over into schoenite, KjSOj.MgSO^GK/).
In other places the magnésium chloride has
been washed out entirely, and the mixture con-
tains 20 per cent, of pure potassium chloride,
sylvin, with 30 to 40 p.c. of rock-salt, and an
equal quantity of kieserite and other impurities.
Only exceptionally astrakanite

Na2S01,MgS04,4H20,
is found.

The salts are covered by from 20 to 33 feet
of salt-clay, over this from 133 to 300 feet of
anhydrite, and this again by 80 to 100 feet of
very pure, transparent rock-salt, free from cal¬
cium sulphate, evidently a secondary formation,

■S/laft

Pis. 1.

Formation of the Stassfurt deposits.—There
can be no doubt that the formation of the sait
deposits of the North German Plain has been
caused by the evaporation of sea-water. But
there must have been spécial causes why, in a
comparatively small part of that large area—viz.,
in the vicinity of Stassfurt — potassium and
magnésium salts have been separated in large
quantities, whilst on the greatest part of the
ground only rock-salt and anhydrite are found.

Aceording to Kegnault, the average com¬
position of sea-water is :

Total percentage of solids . 3-53
consisting of :

Sodium chloride . . . 76-49
Potassium chloride . . . 1-98
Magnésium chloride. . . 10-20
Magnésium bromide . . 0-06
Magnésium sulphate . . 6-51
Calcium sulphate . . . 3-97
Calcium bicarbonate . . 0"08

99-29

We find here ail the materials for the for¬
mation of the Stassfurt deposits, whose average
composition has been stated by Bischof, as
follows :

Percentage

Eock-salt .

Anhydrite .

Polyhalite .

Kieserite
Camallite .

Magnésium chlo ide

Sodium chloride.
Potassium chloride
Potassium sulphate .

Magnésium chloride .

Magnésium sulphate .

Calcium sulphate
Chemieally-combined water

Since Bischof's time the bottom of the de-
posit has been reached, and it can now be said

minerais
. 85-1
. 3-7
. 0-8
. 3-3
. 6-2
. 0-9
Percentage

expressed in salts
. 85-1
. 1-7
. 0-2
. 2-6
. 3-1
. 4-0
. 3-3
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that the percentage o£ sodium ohloride and of
calcium sulphate is much higlier than he as-
sumed.

If we compare the composition of the Stass-
furt deposits with the results of the artilieial
evaporation of sea-water as earried out in 1819
tyUsiglio (A. Ch. [3] 27,92), we find that there
iresome différences, partly caused by the long
iuration of the natural process and its yearly
interrupt-'on, partly by the loss of mother-liquor
(ieebelow). Thevarious salts were transforme!
into the minerais now présent by a subséquent
loss of water and by their mutual interaction,
and a regular succession of those minerais was

formed through long periods, caused by the
autumnal influx of fresh sea-water. One re-

markable différence is also this : while in arti-
ficial evaporation the calcium sulphate is entirely
preeipitated at an early stage, it is formed at
Stassfurt even in the strata consisting of mother-
liquor salts. Why the calcium sulphate at Stass¬
furt is in the forrn of anhydrite, not in that of
gypsum (CaS0.„2H20), as in the artificial eva¬
poration of sea-water, we understand now from
the observations of Hoppe-Seyler (Chem. Cen-
tralbl. 1866, p. 217) and Eose (ibid. 1871, p. 613),
according to whieh the hydration water of gyp¬
sum is abstracted from it by contact with a

Fig. 2.

mrly-saturatcd solution of sodium chloride, a
condition which we must assume to have existed
at Stassfurt.

It is quite évident that the Stassfurt de¬
posits have not been formed by the simple eva¬
poration of a basin of normal sea-water, which
would have been required to possess a depth of
about 30 miles, and which would have produced
a very différent arrangement of salts. There
must lrave been conditions similar to those even

now found présent in some of the Sarmatian
lates. Tbus Gôbel found at the bottom of Lake
Eltou a sait deposit of a thickness of 12 feet,
consisting of 100 annual layers, whieh inereased
in strength and hardness from the top down-
wards. and at the bottom were as hard as stone.
This lake is filled with a saturated brine ; by

the surface-evaporation in summer, crusts of
common sait are formed, which sink to the
bottom. Later on, the common sait gets mixed
with Epsom sait and other mother-liquor salts,
which form a porous, bitter, and déliquescent
layer. The autumnal rains and floods partly dis¬
solve and partly densify this top layer, and at the
same time cover it with black mud, thus forming
a distinct boundary line upon which the next
year's crusts are formed again. In spring the
water of that lake contains 13-5 p.c. sodium
chloride and 10-5 p.c. of magnésium chloride ; in
autumn it holds but a small quantity of liquor,
containing only 4 p.c. NaCl, with 20 p.c.
MgCl2.

The nearest approaeh to the Stassfurt condi¬
tions is found in the Adji-Darja Bay, in the east
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of the Caspian Sea, a bay of a superfieial area o£
2,000 or 3,000 sea miles, and almost entirely
separated from the Caspian by a bar. There is,
however, a small ckannel through which the
water, abstracted by the intense evaporation
within the bay, is replenished from the Caspian.
This causes a continuous séparation of sait,
which is estimated by Sehleiden at about 400,000
tons per diem, and the formation of a mother-
liquor, part of which finds its way back into the
Caspian. "Where the depth of the bay is greater
the eoncentrated liquor sinks to the bottom,
causing a state of sursaturation at this place and
the déposition of mother-liquor salts. Without
this, practically ail the mother-liquor would
flow back over the bar, and no mother-liquor
salts would be formed ; and this seems to have
been the condition of most of the rock-salt, form-
ing basins of former geological periods. In the
case of the Stassfurt salts we must undoubtedly
assume an intermittent influx of water, and also
a nuinber of geological élévations and dépres¬
sions of level in order to account for the succes¬

sion of the various strata. We may, with very
great probability, assume the following play of
causes : the Stassfurt basin was a valley, in-
closed by two longitudinal folds of the earth's
crust, communicating at one end with the océan
by a shallow bar, over which, in autumn, the
gales and high tides carried large quantities of
sea-water ; not sufficient, however, to replace the
water lost by evaporation. For a long period
only gypsum was deposited here ; afterwards
common sait was formed as well, which con-
verted the gypsum into anhydrite, but which for
a long time was re-dissolved every autumn by the
dilution of the liquor, caused by rain and floods.
Thus the thick crust of gypsum and anhydrite
was formed which lines the bottom of the basin.
Later on, the liquor became more and more eon¬
centrated; the crusts of common sait now be¬
came permanent, and the yearly deposits
inereased in thickness. The sursaturation of
the liquor at the bottom caused the transforma¬
tion of the common sait into rock sait (as first
proved by Mohr). Just as we observe it now in
the ' sait gardens ' on the Mediterranean, the
last portions of the summer sait contained a
little gypsum, but the greatest quantity of gyp¬
sum was preeipitated when the strong brine
came into contact with fresh sea-water breaking
over the bar, thus forming a distinct line of
séparation against the next year's deposits in
the shape of the ' anhydrite strings.' Since there
was less and less room in the basin for fresh
sea-water, those strings decreased in thickness
during this period, which must have lasted
several thousands of years, during the later part
of which theyearly deposits had an average deposit
of inches. Owing to further concentration
of the liquor the crusts of sait in the later part
of summer were more and more mixed with
Epsom sait, which appears also with the gypsum
preeipitated soon after by the influx of fresh sea-
water. In this period, which must have lasted
500 or 600 years, polyhalite

K2S04,MgS04,2CaS04,2H30
was formed in the following way : some carnal-
lite, KCl,MgCl2,6H20, formed in summer, was at
that period always decomposed in autumn by
fresh sea-water, and the potassium chloride thus

set free and coming into contact with the just-
deposited Epsom sait was converted into potas¬
sium sulphate, which met with enough mag¬
nésium and calcium sulphate to forin polyhalite.
Exceptionally, indeed, carnallite is actually fourni
in that région. During the next period of 500
years, with increasing concentration, some car¬
nallite is regularly found, but the principal de¬
posit at that time consisted of kieserite

MgS04,H„0.
It lias been proved by Preeht (Ber. 14, 2,131)
that from a eoncentrated solution of magnésium
chloride sucli as must have filled tlie basin at
that period the magnésium sulphate is separated
by evaporation, not in the state of Epsom salts
(MgS04,7H20), but in that of kieserite. This
compound being insoluble, as well as the anhy¬
drite, the formation of polyhalite was not any
more possible.

During the fourth and last period of 500
years, when there was less room for the influx of
fresh sea-water, the formation of carnallite got
the upper hand. Pfeiffer lias proved that that
sait, and even magnésium chlorhydrate, can he
made to crystallise by spontaneous evaporation
at the température of hot summer days in our
présent elimate. The formation of carnallite
must have been still abundant, and a deep layer
of mother-liquor, in which magnésium chloride
prevailed, must have been standing over the
potash-bearing strata when new geological
changes caused the éruption of a mightymass
of clayey mud, charged with organic substances,
which sank to the ground, forming a layer of
sait elay, 26 feet thick, which protected the
underlying strata against a subséquent solution
of the salts previously deposited, even after the
mother-liquor had run off. The loss of that
liquor accounts for the différence between the
average composition of the Stassfurt deposits
and that of the sea-water (comp. above).
Wherever such accidentai protection was not
afforded, the surfaee-water must have re-dissolved
the upper strata, wliieh accounts for the général
absence of mother-liquor salts in other local!-
ties.

Aqiart from Stassfurt, the following occur¬
rences of potassium salts require mentioning:-

In 1866 at Kalusz, in Eastern Galicia, potas¬
sium salts were found in large quantities, prin-
cipally consisting of sylvin and kainite, and a
large manufacturing industry was commence!
on the strengtk of this. But the quality of the
sait proved inferior to the first samples, and in
1875 the works were diseontinued, for various
reasons, as being unable to compete with Stass¬
furt.

Small quantities of potassium salts, always
of poor quality, have been found in the Punjab,
in Persia, and in Colorado. Noneof these give
any promise of industrial application.

The mines round Stassfurt in their présent
extension are equal to a daily output of 9,000 or
10,000 tons. In 1883 there were about 4,000
men employed in the mines, and about 2,000
men in the potash works. The rock-salt is not
now obtained from the lower strata, where
the admixture of anhydrite brings it down to
95 p-c-, but from the upper (secondary) strata at
Neu-Stassfurt, where it cornes up to 99 p.c. of
real sodium chloride. There is also a large
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(lantity of pan-salt made in the neighbouring
Schônebeck sait Works. The following figures
give the officiai returns o£ the minerais got in
dut district for some years (in metrieal tons of
1,000 tilog.) :—

Year Rock-salt
Carnallite, ICai-
nite, and otlier

mother-salts

Kainite
alone

Tons

1875 77,705 529.212 23,818
1876 76,656 583,662 17,776
1877 80,525 807,504 33,305
1878 101,694 770,329 32,480
1879 107,471 661,466 48,828
1880 118,170 668,540 137,795
1881 149,227 905,223 155,301
1882 141,328 1,212,556 144,757
1883 157,666 1,191,009 226,000
1884 344,798 979,597 203,040
1885 377,491 920,944 242,281
1886 444,397 945,271 240,421
1887 405,420 1,080,104 239,412
1883 414,557 1,235,336 318,576
1889 544,591 1,185,750 324,477

The following minerais form the staple pro¬
duction at Stassfurt

The average composition of crucle camallite

Potassium chloride
Sodium chloride.
Magnésium chloride (with i

bromide) .

Calcium chloride
Magnésium sulphate .

Insoluble .

Water.

little

Per cent.
15-7
21-5

21-3
0-3

130
2-0

26-2

It is sold on a basis of 16 p.e. potassium
chloride, and its price ranges about 10s. per
Ion.

Grade hainite generally contains :

Potassium sulphate
Magnésium sulphate
Magnésium chloride
Sodium chloride .

Gjpsum and clay
Water

Per cent.
24-0
16-5
13-0
31-0

1*5
14-0

Its price for exportation is rather below 20s.
per ton, and somewhat less for home eonsump-
tion.

Grade kieserite is very impure, mueh more
so than the residual product obtained in the
manufacture of potassium chloride. Still, about
12,000 tons per annum are sold at 8s. or 9s. per

with 52 or 53 p.c. crystallised
boracic acid, is obtained as a by-product. In
1333 205 tons were got, and were sold at about
301. per ton.

The importance of the Stassfurt potash in-
fctry is best illustrated by the following state-
ment. Joulin (Bl. 18G6, pp. 100, 359) calculâtes
the yearly manufacture of potassium chloride
before the rise of Stassfurt as follows :

From vinasse .

„ sea-water
„ varech (France)
„ kelp (Scotland)

Tons

1,200
400

1,500
1,200

4,300

[The chloride manufactured from kelp is
estimated much too low.]

But the average production of the Stassfurt
manufacture of potassium chloride between 1878
and 1883 has amounted to 120,000 tons per
annum. We shall give more statistical détails
at the close of this chapter.

The manufacture of Potassium chloride at
Stassfurt.

At first the importance of the strata found
underlying the rock-salt at Stassfurt was not
recognised, and it is principally due to the un-
tiring exertions of Dr. A. Franck sinee 1860 that
this was ultimately done. In 1861 he erected a
small factory, and was immediately followed by
Messrs. Vorster & Griineberg, and soon after by
Messrs. Leisler & Townsend. The last-men-
tioned factory—called the ' English factory
which was designed on the principle of intro-
ducing as mueh as possible mechanical in lieu
of mauual labour was very important for the
later development of that industry. In 1864
there were already 18, in 1872 33 différent potash
works at Stassfurt, in 1887 the number was 35.
The price of the crude sait commenced with 16s.
per ton ; it went down to 8s., and in 1879 went
up again to 10s., about which figure it stands
still. The quantity of potassium chloride pro-
duced has undergone many oscillations ; it has
been highest in 1882, when 153,356 metrieal
tons were made. The selling price for 80 p.c.
potassium chloride was 18Z. per ton in 1861,
51. 10s. in 1877, 6Z. 17s. in 1884,6Z. 16s. in 1888.
In 1887 the daily consumption of carnallite was
2,750 tons.

The raw material for that manufacture is the
crude carnallite as supplied by the mines in
tolerably uniform quality ; its average composi¬
tion has been stated above. The principles of
working it up are as follows : carnallite,
KCl,MgCI2,6H20, is unstable in the presence
of water ; it is decomposed into a magma of very
finely crystallised potassium chloride and a solu¬
tion of magnésium chloride, retaining but little
KC1 at a low température. On heating the solu¬
tion dissolves much more KC1, and on cooling
the latter sait is separated in much larger crystals,
so long as the proportion of MgCl2 does not
exceed three times that of EC1. When that pro¬
portion has been reached the liquor on furthef
concentration yields a crop of carnallite, which
at a low température is very little soluble in the
remaining solution of magnésium chloride. Of
the foreign salts présent in crude carnallite, rock-
salt is much less soluble in hot MgCL; solution
than KC1, and thus remains behind to a great
extent ; kieserite, which is insoluble as such,
but turns into soluble Epsom sait by heating it
with pure water, is prevented from this by the
presence of magnésium chloride. The remain¬
ing substances are not of much conséquence ;
some of them are quite insoluble.
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Practically it has been found useful to .treat
the ground raw material, not with water, but
with waste liquor from a previous opération in
such quantity tliat it sufhces for dissolving the
carnallite présent at a boiling heat ; the solution
is separated from the residue (the washings
being utilised for a fresh solution) and is allowed
to eool down, when it deposits about 80 p.c. of
the potassium ehloride ; the mother-liquor, on
further evaporation and eooling, yields the whole
of the remaining KC1 as a erop of carnallite,
which is decomposed by water as above. The
produets are purilied in the manner described
below.

The first opération, dissolving the crude car¬
nallite, is the most important of ail for the
suceess of the manufacture. The resuit difïers
very much according to the quality of the crude
carnallite, according to its state of division,
according whether pure water or liquors obtained
in other stages of the manufacture are employed,
and also according to the duration of the opéra¬
tion. It is, in principle, prefcrable to eiïect the

Fig. 3.

solution of the carnallite as quickly as possible
in order to dissolve less of the other salts. The
quickest opération is undoubtedly that practised
at the ' English ' factory—crushing the crude
carnallite into powder, and dissolving it in a
close vessel at several atmosphères' pressure
with mechanical agitation. But this process
causes too much roek-salt and even kieserite to
be dissolved at the sarne time, and it also causes
the formation of very much mud ; hence most
manufacturera work at the ordinary atmospheric
pressure, or very little above it, without me¬
chanical agitation, and employ eoarsely-broken
carnallite.

Fig. 3 shows one of the best descriptions of
dissolver, on a seale of Jj. The true bottom g
is slanting, the false bottom eis horizontal. The
latter is perforated by a large number of holes
<j-incb wide; in the centre there is a double-
hinged trap-door b, also perforated. The two
lialves of this door are suspended from the
hinged arm a ; they are closed when a is in the

upright position, in which it is kept by tbe
vertical rod h. When the liquor has been run
ofî through c, the man-hole / is opened and tbe
rod h is knocked away, which causes the arm a
to tum over, and the two halves of b fall down.
The residue is now easily washed down from c,
and cleared out through / by a strong jet ol
water passed ail over e by means of a hose. The
steam-pipe d, with two rows of holes, is canied
round the central opening of e. The conical
slrape of the bottom has the two-fold advantage
that the liquor can be run off eompletely and
that the residue can be got out very quickly.

Where it is considered désirable to dissolve
under a slight pressure, the top of the dissolver is
covered in, the man-hole being closed during
the work, or else a tube reaches down from the
cover into the liquid, nearly to the false bottom,
in order to introduce the sait, and to produce
some degree of steam pressure in the apparatus.
The waste steam can be employed for beating
up the dissolving-liquor in another pan. Such
vessels, of a capacity of about 350 cubic feet,
admit of working up 50 tons of sait and more per
24 hours.

The liquor employed for dissolving (called
'Lôselauge') is a mixture of various liquors
resulting in the manufacture, especially the
washings of the first residue, and those of the
potassium ehloride, as well as various mother-
liquors, altogether of a spécifie gravity 1-268 to
1-279 ; through being heated up by waste steam,
the liquor cornes down to 1-257, and is used in
this state. This liquor is run into the dissolver
till this is half full ; steam is injected till the
liquor is brought to boil, and only then the crude
carnallite is introduced. For each 100 cubie
feet of tank room, from 30 to 36, or at most
42 cwt. of carnallite can be charged. The solu¬
tion is first brought to spécifie gravity 1-313 to
1-337 (measuredhot and in the muddy state), but
in this state the residue would be very difficult
to treat ; there would be considérable loss of
potassium ehloride by crystallising out before
the liquor was clarified, and the potassium
ehloride obtained in the coolers would be cou-

taminated by newly-formed carnallite. To avoid
this, the solution is diluted to spécifie gravity
1-28 or 1-30 (measured hot and muddy). The
opération of dissolving ought not to last more
than half an hour.

The solution must now be clarified by allow-
ing it to rest for an hour or two in settling-
vessels, and drawing off the clear portion by
means of a drop-siphon. The clarifying opéra¬
tion can be promoted by sprinkling a little milk
of lime on the surface, which précipitâtes some
magnesia, the latter carrying down the other
impurities. The residue must be once or twice
boiled up with fresh water, if the crude carnallite
had been employed in lumps of the size of a fist ;
if, as now usual, it had been more finelyerushed,
it is either removed at once, or it is previously
boiled up with a small quantity of mother-liquor,
the resulting liquor being utilised as part of
the dissolving liquor for fresh carnallite, or by
eooling down, when it yields weak potassium
ehloride.

The following analyses show the composition
of the ultimate residue, forming from 26 to 30
parts of the crude carnallite :

IRIS - LILLIAD - Université Lille 1



POTASSIUM, SALTS OF. 271

abc
5-25 3-0 2-2

47-00 45-0 54-8
3-85 2-0 2-5

29-25 38-0 22-9
2-15 0-7 1-8
6-00 5-3 5-0
6-50 6-0 10-8

100-00 100-0 100-0

a is a product as formerly obtained, 6 and c
moie recent produets of différent works. The
'insoluble' is mostly anhydrous calcium sul-
phate, clay, boracite, and sand.

The residue was formerly allowed to accumu-
late in large heaps, some part of wbicb only was
utilised for manufaeturing kieserite and sodium
snlphates ; where there was not room enough for
depositing it, it had to be washed away by a
stream of water. Recently, it is largely employed
for filling up the old workings in the earnallite
mines, since this bas been required by Govern¬
ment régulations in order to prevent subsidences
of the soil.

A différent kind of residue is obtained by
thoroughly settling the liquid in tanks, protected
against cooling, and drawing off the clear liquor
by means of a drop-siphon. This second resi¬
due, the 'kieserite mud,' consists essentially of
kieserite, aocompanied by a little anhydride, clay,
boracite, gypsurn, sodium ehloride, &e. ; also by
potassium ehloride. It is separated from the
liquor by means of a vacuum filter, or, prefer-
ably, of a filter-press in which it can also be
washed by hot mother-liquor, which removes the
potassium ehloride without affecting the other
salts to a great extent. Even then from 4 to 16
p.c. of potassium, calculated as ehloride, are
retained in the mud, probably in the shape of
potassio-magnesium sulphate.

Pormerly the clear liquor was purposely
allowed to cool down to some extent before being
run into the crystallising-vessels, say to a tem¬
pérature of 80°C. or even less, in order to pre-
cipitate some sodium ehloride. But since the

solution is now made by means of mother-liquors,
the clear liquor eontains less NaCl, and is
generally at once employed for crystallisation.
The following analyses refer, I. to a liquor made
with water, of spécifié gravity 1-3 (at 1()5°C.) iu
the muddy, and 1-284 in the clarified, state ; II.
to a liquor made with mother-liquor, of spécifié
gravity 1-313 (at 105°C.) before being diluted
with water ; III. shows the maximum and mini¬
mum percentages found in ordinary liquors :

I. II. III.
Potassium ehloride . 11-08 10-70 8-14
Sodium ehloride 5-68 4-20 4-8
Magnésium ehloride. 17-65 24-60 15-25
Magnésium sulphate 2-92 1-50 1-5-5
Water 62-67 59-00
1 cubic metre con-

tained . 142-2 140-5 kilo, potas-
sium ehloride.

The erystallising vessels (eoolers) arewrought-
iron tanks of various sizes, usually from 150 to
300 eubie feet capaeity—e.g. 7x8x4 feet. They
are best placed a little above the floor, so that
the air can cireulate underneath, and in summer
this should be promoted by Venetian shutters in
the building. If the cooling takes place too
quickly, the erystals are too small and muddy.
Two or three days ought to sufiiee.

The sait first precipitating earries down such
suspended matters as had not been removed by
settling ; hence such ' bottom salts ' are less
pure than the ' side salts ' erystallising after-
wards. The quantity of the latter is sometimes
increased by suspending bundles of wire in the
eoolers, but this is now done but rarely, as the
extra labour is hardly recompensed by the ad-
vautages of that process. Wlien the cooling bas
been finished, the mother-liquor is siphoned olï,
or is run olï by a plug, exactly as in the manu¬
facture of soda erystals.

The proportion of bottom salts to side salts
ranges from 2 down to 1 part of the former to 1
of the latter ; some analyses of this ' first pro¬
duct ' run as follows :—

Potassium ehloride .

Sodium ehloride
Magnésium ehloride
Magnésium sulphate
Calcium sulphate .

insoluble.
Combined water

Bottom salts Side salts
Mixtures
of botli

Drained Dry Drained Dry

Potassium ehloride .... 50-2 59-76 60-8 58-31 64-69
Sodium ehloride .... 27-0 32-14 24-4 27-42 28-22
Magnésium ehloride 4-3 5-12 2-8 3-15 7-5-8-5
Magnésium sulphate 2-0 2-38 1-0 1-12 0-5-0-5
Insoluble 0-5 0-60 — — —

Water 16-0 — 11-0 — —

The following are analyses of the 'first
mother-liquor,' as remaining behind from the
'first produet' (I. former process, II. présent

Spécifie gravity at 20°C.
Potassium ehloride
Sodium ehloride .

Magnésium ehloride
Magnésium sulphate
Water ....
Part of it is employed for dissolving fresh

crude salts as mentioned above ; the remainder

I.
1-273
5-50
3-80

19-90
2-70

68-10

rr.
1-279
4-50 p.c.
3-20

22-80
2-15

67-35

is eoneentrated by evaporation till nearly ail the
KC1 eau be obtained on cooling as artificial
earnallite. This concentration was formerly
carried out in two stages — first to sp.gr.
1-279 (wlien low-grade potassium ehloride was
obtained), and then to 1-325 ; but now,' since
coal is dearer and lower prices are obtained for
the product, it is found best to concentrate at
once to 1-325, which means evaporating about
one-third of the bulk of the liquor, till the boil-
ing-point reaehes 123°C.

The evaporation must be carried on in such
manner that the heating surfaces are not covered
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for dissolving and other purposes. In lieu of this
the first stage is sometimes, and with very great
advantage, carried on in eombinations of vacuum-
pans, such as hâve been in use for a long time
in sugar works, and here and there for caustio
liquor. The second stage of concentration,
where salts are séparated during the process, is
best carried on in open pans, heated by internai
flues, as shown on a seale of $5 in figs. 4 and 5,
which at the same time illustrate" the ' step-
grates,' universally employed at Stassfurt witli
the friable brown coal found in the neiglibour-

Fig. 4.

by crusts of salts, and, of course, in such a way
that the fuel is utilised in the best possible
manner. Evaporating by means of steam-coils
has been found less economical than by means
of open fires. Passing over the antiquated modes
of concentration as formerly employed at Stass¬
furt, we shall describe the more recent process.
It is now usual to carry on the evaporation suc-
cessively in two différent kinds of apparatus—
namely, first, up to the point where salts would
be separated in the boiling liquor in ordinary
two-flued steam boilers, the steam being utilised

hood. The flame, generated on the grate g,
passes through the central wrought-iron tube a
and back again through the latéral tubes b b into
the brick flues II. The very strong boiling of
the liquor prevents the formation of any crusts
of salts on the tubes a and b.

During the last few years it has become
général to cover in these pans, and to utilise the
steam escaping from them in various manners.
The consumption of fuel (brown coal) has been
greatly diminished by the introduction of gas-
producers.

The first stage of evaporation, that in which
no salts are separated, ends a little above sp.gr.

1-26 ; during this time the evaporation is con¬
tinuons, fresh liquor being run into the boiler to
keep it up to the same level. In the second
stage the salts were formerly removed byfish-
ing, which might be done more advantageously
by meehanical means (compare Thelen's pan,
under article Soraroi salts). It is, however,
usual to boil down to sp.gr. 1-32 or 1-33 in
winter, 1-33 or 1-345 in summer (testing the
liquor in the muddy and hot state), to allow it
an hour's settling, and to run it then into a
cooler. The fished salts and the settling mnd
are washed with water, the washings being
utilised for dissolving crude salts ; but even then

FIG. 5.

they contain from 7 to 12 p.c. potassium, calcu-
lated as chloridfe, together with 50 to 66 p.c. of
sodium chloride, and cause an appréciable loss,
as it is not easy to extract that potassium chloride
with advantage.

The clear liquor contains about 5-5 to 6 KC1,
2-3-3 NaCl, 25-29 MgCl2, 2-6-3 MgSO,, and
59-64 H,0. It is run into coolers, and left there
three or four days. At first—that is, down to a
température of65°C.—principallysodium chloride
crystallises out, and this can be kept out by a
previous cooling down to that température. On
further cooling ' artificial carnallite ' is separated,

usually containing from 18 to 22 p.c. KC1, equal
to 67-82 p.c. of real carnallite, together with a
little NaCl, MgCl2, and MgS04. This sait is dis-
solved in water, brought to boiling heat by means
of open steam, till the sp.gr. = 1-268 (at 105°C.)
has been attained, and a little milk of lime is
added at the finish, in order to remove any iron
présent ând to mechanically clear the liquid.
The dissolving and settling last an hour each,
the subséquent cooling three or four days. The
resuit of the opération is solid potassium chloride,
1 second product,' and a ' second mother-liquor,'
of sp.gr. 1-257 (measured cold), with 3-4 p.c.
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ffl, which is usually added to the ' first mother-
liquor' in the concentrating pans.

The quantity of ' second product ' amounts
to abont 20 p.c. of the total make of potassium

"e ; its analyses showits comparative purity:
Bottom salts.

crade carnallite, in the first opération described
above. The first liquor is run off at once, till
the mother-liquor has been displaced ; the tap e
is now closed, fresh liquor is run in to the top of
the sait, leaving it in contact with the same for

— Drained Dry

Potassium chloride
Sodium chloride.
Magnésium chloride .

Magnésium sulphate .

Water ...

67-0
13-7

5-8
0-6

13-4

77-38
15-82

6-11
0-69

Side salts.

Drained Dry

Potassium chloride
Sodium chloride.
Magnésium chloride .

Magnésium sulphate .

Water

80-2
70
2-6
0-3
9-9

89-02
7-77
•2-88
0-33

The following are tests of the ' final mother
liquor '—i.e. that which remains after the crystal
Mon of the artificial carnallite :

Former Présent
process process

Spécifie gravity . . 1-319 1-313
Potassium chloride . . 1-25 1-20
Sodium chloride . . 0-95 1-20
Magnésium chloride . 29-50 28-05
Magnésium bromide . 0-30 0-31
Magnésium sulphate . 2-22 3-10
Water .... 55-78 66-14

• is 5 or 7 cubic mètres to each 10
is of crude carnallite, and it is now usually

ïorked for brcrmine ; partly also for magnésium
chloride (u. infra).

Purification of potassium chloride.—This is
tlmjs performed by washing, utilising the fact
fut at low températures the solubility of KC1
taases very much more than that of NaCl,
MgCl;, &c., and that the contact of water with
itose salts itself causes a lowering of the tem¬
pérature (sometimes amounting to 10°C.), so
that the water in winter would be turned into
ice if it were not employed in the tepid state.

The washing of the sait takes place in vessels
made of wood or iron, provided with a false
bottom, upon which the sait rests. This false
bottom is made of wood or of iron plates, per-
forated with ^-inch holes, and is covered with
sacking, or, preferably, with a web of split cane.
The water or liquor employed for washing is
sprinkled upon the sait by means of an elastic
tube, ending in a rose, and the liquor is removed
fromunderneath the false bottom by means of
ataporplug. In fig. 6, a. is the tub, a a man-
hole through which the washed sait is removed
at the end, ft the false bottom, c the tube and
rose for washing, d the charging-bogie, e the
nmning-ofî tap.

The tub is completely filled with sait, and
this is first washed with washing liquor from a
former opération, which in this way yields some
of the KC1 previously taken up, and takes up
Ml in this stead. After having twice served
in this way, the liquor is used for dissolving

7m. III.—T

Fig. G.

two hours, and then running it off. This is re-
peated with once-used liquor, and last of ail
with fresh water.

The washing opération is not advantageous
with products containing less than 50 p.c. KC1 -,
such products are better purified by re-crystalli-
sation.

The following products show the effect of
washing on ' first ' and ' second ' product as
formerly obtained :—

I. First product.
Before Washed Washed

washing once twice

KC1 . 52-4 73-4 82-0
NaCl . 29-8 22-2 15-3
MgCl„. 4-2 1-8 0-5

MgS04 1-8 0-8 0-4
Insol.. 0-4 0-3 0-3
H.0 . 1-4 & 1-5

II. Second product.
Before Washed "Washed

washing once twice

KC1 . 79-58 91-25 97*60
NaCl . 12-90 6-70 1-25
MgCl2. . . 5-52 0-20 0-12
MgSO, . . 0-50 0-35 0-20
Insol.. 0-13 0-15 0-15
H.,0 . 1-37 1-35 0-68
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Wash/ings from I.
— First liquor Second liquor

KC1 . 8-5 11-5
NaCl .... 15-0 15-3

MgCl2. . . 4-8 1-9
MgSO, . . 1-2 0-8
H„0 . 70-5 70-5

Washings from II.
First liquor Second liquor

KC1 .... 8-17 13-59
NaCl .... 11-30 11-81

MgCl2. . . 9-87 3-30

MgSO, . . . 0-56 0-20
H„0 .... 70-10 71-10

The washed sait naturally contains a con¬
sidérable quantity of water. By simple draining
this can be got rid of down to 7 or 9 p.c., by

Fia. 7.

centrifuging to 5 p.c. The remainder is re-
moved by heating, which was formerly mostly
done in reverberatory furnaees. The apparatus

mostly in use now is shown in fig. 7 on a scale
of TJpon the foundation i a cast-iron drum
h is mounted, the hollowpart of which is heated
by steam through m, whilst at n there is a
steam-trap for the removal of the condensed
water. In the centre there is a perpendicular
shaft l, revolving in a bearing protected by a
cap. This shaft is moved by means of the
pulleys u and the bevel wheels k, and it carries
the horizontal arm t, to which are attached a
number of plough-shares a, a crushing-roll t,
and a diseharging-scraper c, set in motion by
handle e and lever s. The last-mentioned part
serves at the end of the drying opération for
moving the sait towards the eircumference, where
it falls through an opening, kept shut up to this
time, by a slide into a shoot and bag attached to
it. Each charge yields 60 kilos, dry sait, and
each drying-plate turns out from 2 to 2j tons
per day of 27 hours. With wrought-iron plates
of 8 feet diameter, which transmit the heatmore
easily, nearly 5 tons can be dried in 24 hours.
In some places Thelen's mechanical drying-
pans (v. art. Sodium sauts) are employed,
which are heated by direct fire, and yield about
15 tons per 27 hours, with an expenditure
of 8 to 10 p.c. of brown coal (wbose fuel
value is not quite one half that of ordinary
coal).

Whichever apparatus may be employed, the
formation of crusts cannot be entirely avoided.
These are removed once a day, and are crushed
in order to be sold as manure salts, containing
about 70 p.c. KC1.

The drying is usually carried up to 2 p.c.
water for low grades, or 0-5 p.c.for liigh grades;
but it is best to leave the sait a short time in a

cool, dry place before packing. It is then crushed
between rolls, sifted and packed into jute bags,
holding 100 kilos, each.-

Potassium chloride is sold in strengths of
from 75 to 98 p.c., but the price is always calcu-
lated upon a basis of 80 p.c. The normal price
for 80 p.c. sait is increased for higher strengths,
according to a ratio fixed from time to time by
a syndicate of the manufacturera ; but in ail
cases the actual weights are redueed to 80 p.c.
on the invoice. Thus in June 1885, 100 kilos,
of 80 p.c. potassium chloride cost 13 marks 60
pfenn., if the stuff was really only 80 p.c.
strong ; but of 98 p.c. stuff the 80 p.c. cost 14
marks 50 pfenn. per 100 kilos. Bags are never
charged for. Sometimes spécial conditions are
undertaken concerning a maximum of moisture,
of magnesia, or of sodium chloride.

Analyses of commercial potassium chloride.

a b c a e /

EC1 .... 80-85 89-78 82-00 96-5 84-30 98-58
NaCl .... 16-25 8-10 16-00 2-0 12-98 0-22
MgCl2 .... 0-20 0-10 0-40 0-2 0-19 0-07
MgSO, .... 0-59 0-33 ' 0-30 0-2 0-10 0-12
CaSO, .... 0-18 0-27 0-25 0-3 0-22 0-24
Insol 0-33 0-32 0-15 0-2 0-23 0-31
Water .... 1-60 1-10 0-90 0-6 1-98 0-46

a and 6 manufactured in 1869, c and d in | The production of potassium chloride at
1873, e and / in 1884. | Stassfurt, caleulated at 80 p.c., amounted to the
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lollowing quantities (it is restricted by a syndi¬
cale oi the manufacturera) :—

1878 . . 110,700 metr. tons.
1879 . . 92,701 1 1 11

1880 . . 96,831 J» »J

1881 . . 115,266 11 11

1882 . . 153,356 11 11

1883 . . 146,200 >» 11

1884 . . 112,950 11 11

1885 . . 107,253 11 11

1886 . . 114,136 11 11

1887 . . 128,230 >J 1»

1888 . . 142,765 11 11

1889 . . 133,957 11 11

For manufacturing saltpetre and alum the
lower grades (80 to 85 p.c.) are mostly employed,
for sulphate, carbonate, and chlorate of potash
the higher grades (95 p.c. and upwards).

Of the 97,000 tons of potassium ehloride sold
in 1885, 43 p.c. was consumed in Germany, 57
p.c. tvas exported. In Germany the consump-
iion ras p.c. : 48-4 for carbonate of potash, 43-8
for saltpetre, 5'4 for alum, &c., 2-4 for agricul¬
ture. Of the exported article there was consumed
p.c. : 38-6 for saltpetre, 14-3 for bichromate of
potash, 8-8 for alum, &c., 38-3 for agriculture.

Yields and costs.—In the very best managed
rorks about 85 p.c. of the potassium ehloride
contained in the crude carnallite is obtained in
a commercial form. The loss of 15 p.c. is dis-
tributed as follows :—

By dissolving residue . 3'4 p.c.
„ kieserite mud . . 0-2 „

„ press mud . . .5-0 „

„ fished salts . . 1-2 „

„ final liquor . . 4-8 „

unexplained . . .0-4 „

But at other works the loss amounts to 20,
!5,oreven 30 p.c.

The cost of making 100 kilos, of 80 p.c.
potassium ehloride in 188G may be taken as
follows :—

Mks. Mks.
525 to 675 kilos, crude sait at 1T2

marks 7-00 to 8-10
Î3 to 4 hectol. brown coal at 0-32

mark 0'74 „ 1-28
Wages and salaries of foremen . 0-70 „ T00
Sundries 0-66 „ 1-00

Total »•10 „ 11-38

(The ' Sundries ' can hardly include bags,
interest on capital, dépréciation of plant, &e.)

A new process for treating carnallite has
been patented by Schliephacke & lîiemann
(Germ. Pat. 43,922). They smelt raw carnallite
in a cupola furnace with felspar or granité, and
ran the liquid product into cold water, whereby
it is granulated and the soluble salts are more
easily extracted. Magnésium silicate remains
behind in an insoluble state ; the solution, which
eontains the potassium as silicate, is treated
with a solution of crude carnallite or waste
liquors from the manufacture of potassium
ehloride. The ensuing reaction is :

MgCL, + K2SiOs = MgSi03 + 2KC1,
so that only potassium ehloride remains in solu¬
tion. The gases eseaping from the throat of the
tnpola iurnace are to be treated for chlorine and
hjdrochloric acid. (This ingenious-looking

process does not seem to have been practieally
carried out.)

BÏ-PBODUCTS OF THE STASSFUOT POTASH IXjDUSTRY.

1. Kieserite. This insoluble body,
MgS0„H20,

which becomes soluble only by prolonged con¬
tact with water, when it passes over by an inter-
mediate stage into Epsom salts MgS04,7H20, is
naturally left behind in the residues from dis¬
solving crude carnallite and settling the liquor.
Most of it is lost in the shape of pit heaps &c. ;
only then it is regularly recovered by the
potash manufactures, when they are obliged to
get rid of their residues by washing away, be-
cause in this case the law compels them to
retain the insoluble portions ; otherwise kieserite
is only prepared when there is spécial demand
for it. Sinee it soon passes over into the above-
mentioned intermediate stage, it must be made
from fresh residues, which is done by subjecting
them to a combined levigating and sifting pro¬
cess. A convenient apparatus for this purpose
is shown on a scale of ~ in fig. 8, where g is a

b

hopper containing the residues, which rest on a
grating; the water issuing from b produces a
muddy liquor, which meets the slanting sieve c ;
the coarser portions run off at /, the finer ones
pass through into the slanting shoot d, where at
first anhydrite is deposited, whilst further on, at
e, kieserite is found. The clay, together with a
little boracite, remains suspended till the last,
and is kept baek in spécial settling basins. Of
course, in lieu of the slanting shoot d, several
settling troughs with overflows can be em¬
ployed.

The kieserite must beremoved in short inter¬
vais and put into iron or wooden moulds, where
it solidifies after fifteen minutes, so far that the
blocks can be taken out. The solidification
(which is a process similar to that occurring
with gypsum, a chemical combination withwater
taking place) proeeeds with évolution of beat ;
in a few days the blocks, weighing to cwt.,
are as hard as stone, and can be sent out
in this state without being packed in casks,
bags, or the like. After a lapse of time, how-
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ever, they fall to powder by the attraction of
atmospheric moisture and formation of Epsom
salts.

The quality of block kieserite naturally
varies, according to the more or less eareful
séparation from other matters ; a minimum of
60 per cent, magnésium sulphate is frequently
guaranteed. When it is required in the ground
state, it is first calcined in a reverberatory fur-
naee.

Analyses of kieserite blocks.
Fresh Calcined

a b a S

Magnésium sul¬
phate 60-20 58-0 81-5 77-8

Sodium chloride . 1-55 2-1 2-1 2-7
Insoluble (anhy-

drite, &c.) 10-63 13-5 14-4 17-0
Water. 27-62 26-4 2-0 2-5

The yield of block kieserite is about 10 p.c.
of the erude eamallite. With eareful work it
can be got up to 12 p.c., but this is scarcely ever
done, because at présent only one-tenth of the
residues is worked for it, the demand not being
equal to the supply.

Applications of kieserite.—Most of it is em¬
ployée! for making Epsom salts, some of it foi-
potassium sulphate. We mention the following
attempts at utilising that substance in other
ways.

G. Clemm (in 1803) calcined the kieserite,
preferably mixed with coal, in the presence of
steam, and earried the vapours into vitriol-
chambers ; magnesia remains behind (in a very
impure state). By a similar process Precht (in
1881) makes basic linings for the steel process.
Several other inventors have tried to utilise
either the sulphuric acid or the magnesia, but
hitherto not to any appréciable extent.

The only extensive employment of kieserite
is that of converting it into Epsom salts, of
which about 25,000 tons per annum are made in
Germany, and a considérable quantity in Eng-
land. The process consists simply in causing
the kieserite to take up more water, preparing
a solution, and allowing this to crystallise.
Formerly the process was promoted by calcining
the kieserite, after which it is at once soluble in
water ; but this object can be equally attained
by the prolonged application of steam, or, even
more cheaply, by soaking the crushed kieserite
with the mother-liquor from the Epsom salts,
when it gradually passes over into the hepta-
hydrated sait, with great increase of bulk. A
solution is now prepared by water and steam, of
sp.gr. 1-31 to 1-325 (tested hot and muddy).
This is elarified in settlers, where it is kept
about an hour, and is then run into iron coolers ;
if the product is required to be entirely free from
iron, the coolers must be lined with lead.

After three or four days the crystallisation is
finished ; the crystals are ail the finer the more
concentrated the liquor had been, and they are
at first praetically free from sodium chloride.
By concentrating the mother-liquor inferior
qualifies are obtained ; the last liquor is run to
waste.

The crystals of Epsom salts are in England
merely drained by a centrifugal machine, tuming
out two tons per day, and the product, still con-
taining 3 or 5 p.c. of moisture, isdireetlypacked
into casks ; in Germany they are dried in a room
heated by exhaust steam, &c., at a température
not exceeding 45°C., the dry sait is passed
through wooden rollers, leaving a space of | inch,
so that only the lumps are crushed; it then
passes through a sieve, and from this into the
casks.

The manufacture of 100 kilos. Epsom salts
requires:

125 to 130 kilos, kieserite at
0-70 mark . . mark 0-86 to 0'91

25 kilos, coal or

0-75-1-0 hectol. brown
coal at 0-32 mark. „ 0-24 „ 0"32

Labour . . . „ 0-50 „ 1-00
Casks 1-00 „ 1-00
Sundries 0-25 „ 0-50

„ 2-85 3-73
The principal application of Epsom salts was

formerly the médicinal one, which, of course, did
not amount to large quantifies. At présent the
greater portion of it is employed in finishing
textile fabrics, especially calico. Other applica¬
tions (mostly only proposed or temporarily tried)
are those for replacing the ' pearl-hardening ' ia
paper-making (mixed with lime), for preparing
precipitated barium sulphate, for purifying beet-
root sugar juice, for rendering fabrics fire-proof,
for manufacturing sulphuric anhydride, in
several soda-making processes, and so forth.

2. Glauber's sait Na2SO4,10H2O, can bemade
by Balard's process—that is, exposing a mixed
solution of sodium chloride and magnésium sul¬
phate to a température below 0°C., when the
following reaction takes place :

2NaCl + MgSO4+10H,O
= MgCl2+Na2SO4,10H2O.

The Glauber's sait erystallises out, magnésium
chloride remaining in solution. At the mouth
of the Rhône this is done by artifieial cold; at
Stassfurt it can be done without that duringthe
winter months. The material is présent in the
residues from dissolving crude carnallite, whose
composition has been stated on page 269. Just
the weathered residue, which is no more adapted
for the treatment for kieserite, is most suitable
for the above process, and from 50,000 to
75,000 tons of Glauber's sait might thus be
made per annum ; but the quantity actuallypro-
duced is only about 10,000 tons, and varies very
much according to the favour of the season.

The residue is dissolved in various ways;
the longer it has been exposed to the weather,
the more easily the solution takes place. Usually
the residue heaps are lixiviated on the spot by
means of hot water, the solution being caughtin
a trench made at the bottom of the heap. If
the proportion is not =2NaCl to lMgSO.,, the
composition of the liquor is corrected and its
strength is brought up to about 1-269 at 33°C,
The solution is elarified by settling, and is ex¬
posed to the cold of a winter's night, always
under the open sky. Ordinary coolers are not so
well adapted to this purpose as large, shallow
tanks, made of pine-wood planks, the joints
being made tight by caulking with hemp and
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te. Tbese tanks are erected on wooden pillars,
and are sometimes 100 by 100 feet square, and
8 inches deep. During summer, when they are
not used, tliey are kept filled with a solution of
common sait. In such shallow tanks the liquor
is better cooled down during the night, 1 cubic
mètre olten yielding 150 to 180 kilos, of crystals.
The mother-liquor is run ofï in the early morn-
ing, before it can get warm again ; it shows the
sp.gr. 1-205 to 1-225. The processes for obtain-
ing différent descriptions of crystals, and for
obtaming anhydrous salts, are described in
Sulphate of soda, art. Sodium salts.

3. Magnésium chloride MgCl,,GHoO, is ob-
tained by evaporating the ' final mother-liquor '
to sp.gr. 1-388 or 1-40 (taken hot), allowing to
settle for an hour, and running into a cooler,
whereupon the whole mass solidifies in a few
days. It is broken into large pièces, which are
put into casks ; the empty space is filled up by
a bot, strong solution of magnésium chloride,
which, on cooling, cements the whole into a
solid mass. Sometimes the dry sait is melted
for some time in a furnace, to expel some more
water, but if this is driven too far, hydrochlorie
acid escapes as well. This process is much
dearer than the first, and there is not much
gained by it. It is préférable to carry on the
evaporation from the first to sp.gr. 1-44, and to
run tbe liquid in this state through the bung-
bole into petroleum casks, in which it solidifies,
and is sent out in this state. The analyses
show:

BoilecL down to Boiled down to
sp.gr. l'388 sp.gr. 1*44

Magnésium chloride . 45-74 51-05
Potassium chloride . 1-35 1-38
Sodium chloride . 0-25 0-27
Magnésium sulphate 0-15 0-10
Water . . . 52-51 47-20

Since one ton of that product can be obtained
from three (or, with care, from 21) tons of
crude carnallite, enormous quantities might be
made at Stassfurt ; but actually only about 12,000
to 16,000 tons are made, and are principally
employed for dressing (lubricating) the warp in
weavmg calico. A very large number of further
applications bas been proposed, in order to uti¬
lise either the ehlorine, or the magnesia, or both.
We mention here the following applications : as
a disinfectant, for precipitating waste soap-leys ;
for carbonising wool ; for making patent fuel ;
for magnesia cernent; for preparing magnesia,
principally as ' basie lining ' in the manufacture
of steel ; foi manufacturing barium chloride.

Quantities of magnésium chloride manufac¬
turer! in

1879
1880
1881
1882
1883
1884

8,949 tons
11,210 „

11,070 „

12,446 „

19,259 „

12,458 „

1885 . , 11,994 tons
1886 , 13,062 „

1887 . 12,667 „

1888 , . 16,643 „

1889 . . 16,728 „

By far the most important outlet for magné¬
sium chloride would be found in the manufac¬
ture of ehlorine, if the Pechiney-Weldon process
were ultimately suc-cesslul ; this and the other
ehlorine processes are described in the article on
Chloeine (vol. i. p. 522 et seq.). In 1888 that
industry had not yet been practically introdueed

at Stassfurt, but there were préparations made
for it. In 1891 hydrochlorie acid from this
source was eoming into the market.

4. Bromine is largely made of the final
mother-liquor of the Stassfurt works, which con-
tains about 0-25 or 0'29 p.c. of it in the state of
MgBr„ ; cf. the article Bbomine.

5. Boracic acid is made from boracite or

stassfurtite, 2Mg3B80|5,MgCl2, of which about
300 tons per annum is got at Stassfurt. It is
dissolved in concentrated hot hydrochlorie acid ;
the clarified solution is run into wooden coolers,
lined with lead, where boric acid crystallises out.
The erude acid is purified by washing or recrys-
talling. 100 parts of commercial boracite yield
about 82 to 85 parts of crystallised boracic acid
H3B03, whieh is partly sold as such, and partly
converted into the sodium sait, known in trade as
Bokax (cf. tliis).

6. Potassic manures (artificial fertilisers)
are made from ail the by-products of the Stass¬
furt manufactures, as well as from minerais
specially got for this purpose, especially kainite,
The manufacturing opérations consist merely in
grinding, drying, calcining, and effecting a
proper mixture to bring the product up to the
guaranteed percentage of potash. Potassium
sulphate is much better for this purpose than
chloride, and magnésium chloride in the free
state is absolutely injurious to vegetable life.
Hence kainite and schoenite (cf. Potassium
sulphate) are most usualiy employed as
manures ; but low-grade potassium chloride is
also frequently sold for this purpose.

In 1888 the production of potassium chloride
and the above-named by-products, as well as
some otber salts, at Stassfurt amounted to about:

140,000 tons potassium chloride
25,000 » manure salts
16,000 potassio-magnesium sulphate

2,000 J> potassium sulphate for manure
20,000 J» carbcnate of potash
10,000 J} Glauber's salts
10,000 }} kieserite
2,500 11 Epsom salts

17,000 »> magnésium chloride
400 ») bromine
120 11 potassium bromide.

Potassium chloride from the motlier-liquors of
tlie manufacture of sea-salt.

The utilisation of the mother-liquors, ob¬
tained in the manufacture of sea-salt by volun-
tary evaporation in the ' sait gardens,' is not
generally attempted. It has, however, been
worked out to great perfection in at least one
locality, at Giraud en Camargue, at the mouth of
the Rhône, originally by Balard, later on by
Merle and Peehiney. The most recent descrip¬
tions of this industry have been given by Wurtv
(Hofmann's Bericht iiber die Wiener Ausstellung,
1875 [1], 410) and Lunge (Chemisehe Industrie,
1883,225). Wequotehere only those portions re-
ferring specially to potassium chloride.

From each cubio mètre of sea-water, after
obtaining the sait, 64 litres of mother-liquor,
testing 27;>Baumé,i-emains behind. This mother-
liquor is concentrated by solar heat to 324°B. ;
the sait crystallising out during this opération is
of inferior quality (down to 91 p.c. NaCl), and is
not utilised at ail at Giraud. But on further
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evaporating, by solar heat, from 32-5 to 35°
Baumé, a mixture of sodium cliloride with nearly
its équivalent of magnésium sulphate is sepa-
rated, which is lrnown as ' sels mixtes,' aud is
worked up in various ways, espeoially for
Glauber's salts, by artificial cold (p. 276). The
liquor of 35 JB. is kept during the winter in
very large and deep tanks, where the température
is prevented from falling below 12°C. ; in this
case only Epsom sait erystallises out, but no
earnallite. The new mother-liquor, testing
33°B., of which 16 litres per eubic mètre of sea-
water lias remained, is further evaporated by
artifieial heat in a Porion's furnaee till it shows
37°B., testedhot. Ontheotherhand, magnésium
chloride solution, obtained at a later stage as a
by-product, is evaporated in ordinary open pans
to 40°B. Both hot liquors are run at the same
time into an iron mixing pan, taking care to keep
up an excess of magnésium chloride. This
causes at once a considérable séparation of ' sels
mixtes' (cf. above), which are removed by a
dredging apparatus. The hot liquor remaining
behind still contains ail the potassium sait ;
this is, however, separated on cooling in the
form of artificial earnallite, owingtothepresence
of so much magnésium chloride, most of which
is left in the cooled-down mother-liquor. This
artificial earnallite, being in the state of fine
mud, is easily decompo'&çd by agitation with cold
water, when magnésium ■ chloride enters into
solution and potassium chloride is left behind in
the solid state. By systematic washing the
latter can be brought up to 82 p.c. KC1.

Interesting and ingenious as this process is
(which in reality is much more complicated than
would appear from the preceding short descrip¬
tion), it cannot very well compete with the
Stassfurt industry, based as this is upon the
natural accumulation of similar produets through
thousands of years. Balard's process has hence
not made its way elsewhere, and is not likely to
do so. At most 400 tons per annum are made
in this way.

Potassium cliloride from kelp.
In the manufacture of iodine from kelp—that

is, the ashes of sea-weed—as obtained on the
coasts of Scotland and Normandy, a large quan-
tity of potassium salts is obtained, which, pre-
viously to the working of the Stassfurt deposits,
was one of the principal sources of these salts
for technical purposes. The liquor obtained by
lixiviating the kelp is concentrated by evapora-
tion in several stages, and thus yields several
crops of crystals. The first crop, called ' plate
sulphate,' is a mixture of potassium sulphate
with some sodium sulphate and eommon sait ;
the mother-liquor yields, on further evaporation
while hot, a mixture of eommon sait with alka-
line sulphates and carbonates, which is fished
out from the pans and sold as ' kelp sait ' ; on
cooling, a crop of potassium chloride is obtained.
The latter can be brought up to upwards of 90
p.c., and formerly about 2,500 or 3,000 tons of
it was made per annum ; but the development of
the Stassfurt industry has mostly compelled the
iodine manufacturers to give up the séparation
of the potassium salts in the pure state, and to
utilise the rough mixture of those salts for agri-
cultural purposes.

Potassium cliloride from beet-root vinasse.
This product, which always contains potas.

sium sulphate and foreign salts, is described
further on, under Potash from beet-root vinasse.

Potassium bromide KBr, containing 32-85 K
and 67-15 Br, can be made in various ways,
always starting from the bromine, obtained in
America, in Scotland, or at Stassfurt. Only two
of these prouesses have come into practical
use.

The first consists in dissolving bromine in a
solution of caustic potash, which ought to be as
pure as possible, evaporating the solution, ulti-
rnately with addition of a little charcoal, and
igniting the mixture. At first the reaction is as
follows :

6KOH + 6Br = 5 KBr + KBrOa + 311,0.
On igniting, the charcoal reduces the bromate to
bromide. The mass is dissolved in water, filtered,
and the potassium bromide obtained by evapora¬
tion and crystallisation.

This process suffers under the drawback that
the mass decrepitates strongly on drying, and fur¬
ther losses through volatilisation &c. cannot be
avoided. Hence another process is almost exclu-
sively employed now, similar to that used for po¬
tassium iodide. Abromideof iron is firstprepared,
and this is decomposed by potassium carbonate.
Some iron bromide is obtained from the first in
the manufacture of bromine, the vapours being
absorbed by metallic iron, but most of it is made
on purpose by mixing bromine and iron in such
proportions that the compound Fe3Brsis obtained
(cf. Potassium iodide). The solution of this
bromide is filtered, and is run into a hot concen¬
trated solution of potassium carbonate, till the
reaction is exactly neutral or very faintly alka-
line. 100 parts of iron bromide require from
56 to 60 parts of potassium carbonate, according
to its purity. The solution is boiled for some
time, to make the precipitate of hydrated iron
oxides more dense ; it is then separated from the
latter by a filter or filter press, and is evaporated
to dryness. The residue is dissolved again,
leaving behind the diffieultly soluble potassium
sulphate &c., and is evaporated for crystallisation.
Up to sp.gr. 1-53 this can be done at a boiling
heat ; the further evaporation should be done at
a gentle heat, as with the iodide, to obtain hard
crystals. The crystallisation takes place in stone-
ware or enamelled iron dishes. The mother-
liquor can be freed from carbonate by cautions
neutralisation with bromhydric acid, and from
sulphate by means of barium bromide. Chloride
cannot very well be removed from the bromide;
hence the bromine employed should be as free
from chlorine as is required. Iodide can be re¬
moved by boiling with bromine. The last mother-
liquors are best used up for the recovery of
bromine. The German Pharmacopoeia permits
the presence of 2 p.c. KC1 and 0-1 p.c. K2C03 in
potassium bromide.

The drying of the potassium bromide takes
place at 40° or 50°C., not above (to avoid decrepi-
tation), on plates of stoneware or of sheet-iron
covered with a very hard lacquer or with enamel.

The German manufacture of potassium
bromide amounts to about 120 tons per annum,
lialf of which is made at Sehering's works at
Berlin. A similar or larger quantity is made in
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America, and much more eould be obtained if
there were demand for it.

The application of potassium bromide is
iestricted to medicine and photography.

Potassium iodide Kl, oontaining 23-95 K and
76-05 1,

There are many ways for preparing this sait,
but only tbe following processes are used for
manuiacturing purposes.

1. Bymeans of caustic potash. The réaction
is, 6KOH + 61 = 5Kl + KI03 + 3H20. The potas¬
sium iodate on igniting yields up its oxygen and
isconverted into iodide, but as losses are caused
by decrepitation and volatilisation, it is preferred
to add some carbon in order to reduee the iodate.

The caustic potash ought to be as pure as
possible ; most of the impurities of commercial
potash would enter into the iodide, and could
not be removed from it by crystallisation, owing
to the great solubility of the iodide. Hence it
is préférable to start with the purest procurable
potassium carbonate, such as is supplied in the
crystallised form to flint-glass makers, or that
made by calcining potassium bicarbonate. The
carbonate is causticised in the usual manner,

employing pure lime, and iodine is introduced
in small quantities into the boiling liquor till it
bas been exactly neutralise!. The solution is
evaporated to dryness, adding to it in the syrupy
state some lampblack or charcoal, previously
treated with hydrochloric acid and thoroughly
washed with water, to the amount of ^ of the
iodine présent. The dry mass is gradually in¬
troduced into an iron pot, heated to redness,
where it is brought to fusion, keeping the pot
covered in order to prevent the iodide from vola-
ffising. When eompletely fused, the mass is
ladled out and is dissolved in water ; the solution
is filtered and is evaporated to about 1-82, when
it crystallises on cooling. The evaporation is
best done by heating the solution in porcelain
dishes on a sandbath, but not to boiling heat,
the more concentrated liquors being farthest from
the fire-end. A hood protects each dish from
dust, draught, &c. In this way very good crystals
are obtained.

The crystals, after draining, are dried on
enamelled or lacquered iron plates in a current
of hot air. If the sait is required to have an
opaque appearance, the température is ultimately
raised to 120° or 130°C.

2. By means of iron. A solution of ferrous
iodide is préparée! by digesting 3 parts of iodine
with 1 part of iron borings and about 8 of water.
The solution is filtered and one-third of the
original quantity of iodine is dissolved in it with
the aid of heat, so that it now contains a ferroso-
ferric iodide, Fe3Ia. This solution is now mixed
in a porcelain or enamelled iron vessel with a
boiling solution of pure potassium carbonate,
and the boiling is continuée! till the precipitate
of ferroso-ferrie oxide has become dense, where-
upon it is separated from the solution of potas¬
sium iodide by filtration. The reaction is :

Fe3I8 + 4K.C03 = 8KI + Fe304 + 4CO„.
The following modification, by Liebig, dis¬

penses with the slow solution of iodine in ferrous
iodide, and the troublesome frothing in the last
reaction, owing to the escape of carbon clioxide.
A solution is made of 12 parts iodine, 3 iron,

and 32 water ; to this is added, without previous
filtration, a solution of 6 parts iodine in 12 parts
caustic potash liquor of sp.gr. 1-345, and ulti¬
mately 9 parts of the same caustic liquor. The
mixture is boiled for some time, filtered, evapo¬
rated to dryness, whereby a little ferrie hydroxide
is separated, re-dissolved, filtered and brought to
crystallisation as above. Tbe product is ex-
tremely pure, free from iodate, and the yield
almost the theoretical one.

3. By means of cuprous iodide. Sometimes
considérable quantities of cuprous iodide, con-
taining from 60 to 66 p.c. of iodine, are shipped
from Peru. This is converted into potassium
iodide by washing it, suspending it in water
acidulated with a little sulphuric aoid, passing
in sulphuretted hydrogen till ail the copper has
been precipitated, adding enough solution of
iodine in potassium iodide to destroy the excess
of BL.S, separating the solution of iodhydrie acid
(oontaining a little finely-divided sulpliur) from
the precipitate, neutralising it with potassium
bicarbonate, evaporating, separating the sulpliur
which has now become globular, and bringing to
crystallisation.

Nearly ail the potassium iodide manufacture!
is employed in medicine and for photographical
purposes. For the former purpose it is required
to be entirely free from chloride.

Potassium sulphate K3S04 is obtained as a
by-produet in several manufactures which are
described elsewhere ; thus, in the working up of
beet-root vinasse (cf. Potassium carbonate,
p. 289), and in that of kelp, where it is separated
as ' plate sulphate,' eontaining from 76-83 p.c.
K2SO,„ with 9-21 p.c. Na2S04, some ICCl and other
salts (p. 278). It is further contained in the ashes
of plants, and is hence présent in commercial
potashes ; on purifying these it is obtained as a
by-product, easily separable from the carbonate
on account of the great différence in solubility.

The bulk of the potassium sulphate found in
trade is, however, either made from kainite, or

by the décomposition of potassium chloride with
sulphuric acid.

Yery large quantities of potassium sulphate
are found at Stassfurt and Kalusz ; not, however,
in the isolated form, but principally in that of
Jcainite K,S04,MgS0„MgCl2,6H20, ahvays mixed
with sodium chloride, calcium sulphate &c., so
that commercial kainite contains at most 70 p.c.
of the pure minerai. A very large number of
prooesses have been invented for preparing
potassium sulphate, either from kainite or from
mixtures of magnésium sulphate (in the shape
of kieserite) and potassium chloride or carnal-
lite. In most cases an intermediate product
is made, the magnésium-potassium sulphate,
K.,S04,MgS04,6H20, which oeeasionally occurs
among the Stassfurt minerais, and has received
the name of ' schoenite.' From this potassium
sulphate is prepared with comparative facility,
but at présent it hardly pays to do so, at least in
a sufficiently pure state for the manufacture of
potassium carbonate ; hence nearly ail the latter
is made from sulphate, obtained, with potassium
chloride and sulphuric acid (see below), or from
vinasse, while the schoenite is soi! as a fertiliser.

In 1888 the daily consumption of kainite foi-
conversion into schoenite or sulphate was from
175 to 200 tons.
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We give here a short synopsis of tke more
important processes, which are described in more
détail in Pfeiffer's ' Kali-Industrie ' (Braun-
sehweig, 1887), p. 319 etseq. The figures put in
braokets are the numbexs of tke German patents.

1. Préparation of schoenite from kainite.
Borsche &Briinjes (10,042,11,028,10,701,12,875,
17,795) préparé a cold saturated solution of
kainite and employ this for extracting fresh
kainite at a température of 80°. The solution,
which shows the sp.gr. 1-337, is elarified, and on
cooling yields a erop of schoenite ; the mother-
liquors, which are riek in magnésium and sodium
and potassium chloride, generally enter into the
manufacture of potassium chloride from car-
nallite. This process is actually at work on a
large scale.

Dupré & Hake (6,053) treat finely-ground
kainite with a cold saturated solution of mag¬
nésium sulphate, at 20° or 25°C. ; this carries
away magnésium and sodium chloride, together
with one-third of the potash, two-thirds of the
latter remaining behind as schoenite. The
dissolved 33 p.c. of potash is also partially re-
covered. This process is also at work, but not
on a very large scale ; the employment of mag¬
nésium sulphate makes it rather more expensive
than the preceding one.

H. and B. Griineberg (10,754, 18,947) extract
the kainite by a hot solution of schoenite or of
sodium chloride ; on cooling schoenite crystallises
out.

Preeht (10,637, 13,421,19,456) treats kainite
with water or previous liquors at 120-145°C.,
under a steam-pressure of 2-7 atmosphères, with
mechanical stirring, in a very ingeniously-con-
structed apparatus, which permits a mechanical
séparation of the double sait formed from the
solution and from the residual rock-salt. The
double sait formed in this way has the formula
K2S04,2MgS04,H20, and is converted into schoen¬
ite by agitation with a small quantity of water.
This process is also at work on a large scale.

Similar processes are those of Loefasz (29,223)
and Nahnsen (10,772, 24,744).

Dupré (53,237) works up mixtures of kainite
and sylvinite (75ÉCl + 25NaCl) by treating them
with a hot solution of kainite, when almost pure
K2S04,MgS04,6H20 crystallises out.

The Westeregeln alkali works (50,596) boil
ground kainite with the last mother-liquor from
the manufacture of potassium chloride, contain-
ing 30 p.c. MgCl2, thus producing various salts.

The schoenite thus obtained, which is entirely
used for agricultural purposes, has the following
average composition :

Potassium sulphate . . 48 to 52 p.c.
Magnésium sulphate . » 32 „ 36 „

"VVater 3 „ 12 „

Sodium chloride . . 1 „ 5 „

Gypsum and insoluble parts . 0-2 „ 5 „

Several processes for preparing schoenite
from potassium chloride or carnallite and
kieserite (Briinjes, 11 ; Ferber, 5,068 ; Griineberg,
5,607 ; Westeregeln, 27,404) need not be described
here, because this does not seem to be profitable.
The principal reaction taking place is :

2MgS04 + 2KC1 = K.S04,MgS04 + MgCl, ;
or better
4MgS04 + 6KC1 = 2K,S04,MgS04 + 2KCl,MgCl2.

Spécial processes for recovering schoenite
from waste liquors are those of B. Griineberg
(10,753), Bernhardi (10,821,12,493), Vorster and
Griineberg (28,772).

It is now a fixed rule of trade that ' crys-
tallised ' potassio-magnesium sulphate is to con-
tain 41 or 42 p.c. ' calcined,' 48 or 50 p.c. real
potassium sulphate. In 1888 the prices of those
articles were Mk. 7 resp. Mk. 8-50 pro 100 kilos.

Quantities of potassio-magnesium sulphate
made at Stassfurt in

1883
1884
1885
1886

13,037 tons
25,765 „

27,207 „

29,045 „

1887
1888
1889

24,082 tons
11,478 „

16,325 „

2. Préparation of potassium, sulphate from
schoenite. This can be done by simply running
a saturated hot solution of schoenite upon dry
powdered potassium chloride. The reaction
theoretically is :—

K>S04,MgS04 + 3KC1 = 2K2S04 + KCl.MgCl,,
but praetically twice the theoretical quantity of
schoenite must be taken, half of which remains
in solution. The potassium chloride is rapidly
changed into sulphate, and this is separated
from the liquor by centrifugal force, taking care
that the température does not fall below 40°C.
Below this température, first potassium chloride,
then schoenite, and at last carnallite, crystallise
out. The reaction can also be brought about
by digesting erystallised schoenite with a cold
saturated solution of potassium chloride, best of
ail in a set of vessels methodically combined
with one another (Precht's patent, 14,534).

Schoenite, or a mixture of potassium chloride
and magnésium sulphate, can be also converted
into potassium sulphate by heat. Superheated
steam (Sprenger's patent, 27,965) acts only very
partially, but the addition of carbon (in the
shape of small coal, brown coal, &c.) causes the
reaction to proceed to its end by somewhat com-
plicated stages (Precht, 15,747 ; Leopoldshaller
Pabriken, 31,148). Townsend (10,641, 29,307)
beats a mixture of potassium chloride, magné¬
sium sulphate, and aluminium silicate in a
mutile furnace in the presence of steam. This
method has been further worked out by the
' Aseherslebener Werk,' in 1885, and seems tobe
successful. Hans Miiller ignites the mixture of
KC1 and MgS04 with ferrie oxide (32,325).
Dupré and Hake produee, by means of lime or
gypsum, a double sulphate of potassium and
calcium, which is decomposed by igniting or by
redissolving (8,021).

Nearly ail the potassium sulphate made from
schoenite &c. is used for agricultural purposes.

3. Préparation ofpotassium sulphate by de-
composing potassium chloride with sulphuric
acid. This process, altogether analogous to the
first stage of the Leblanc soda process, was first
carried out by Messrs. Vorster and Griineberg
in 1863, near Cologne, and in 1868 at Stassfurt.
About the same time (1864-1869) it was intro-
duced in North Germany, France, and England.
This way of producing potassium sulphate is
nearly always employed when the product has
to be converted into carbonate.

The raw materials are (1) potassium chloride
of high strength of the Stassfurt manufacture, or,
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as far as it goes, that from the working up of
vinasse wkieh already contains from 8 to 12 p.c.
of sulphate, togetlier with a little carbonate (p.
289). Coarse-grained sait is preferred to muddy
orlumpysalt. (2) Sulphuric acid of sp.gr. 1-67,
generally made at the same works. This is a
lower strength than that preferred for decom-
posing sodium chloride, where the reaction is
not so violent.

The décomposition of potassium chloride is
so closely akin to that of sodium chloride that
we can refer in most respects to the article
Sodibm sauts. The furnaces, acid conden¬
sera, &c., are the same in both cases. We
mnst, however, make the following remarks con-
cerning some peculiarities of the potash industry.

The 1 decomposing pans ' (pots) are exactly
similar to those used for common sait, so are
the furnaces, of which ail three descriptions, as
employed for common sait, are in use here as
vrafl. But while in the case of sodium chloride
the 'close,' or mutile furnaces are considered
the hest, owing to the better condensation of
hydrochloric acid, many potash manufacturers
prefer ' open '—that is, reverberatory—furnaces,
a higher température being required for decom¬
posing potassium sulphate and the work being
done mueh more quickly (by one-third). Un-
doubtedly the best furnace for this work is Mac¬
tear's continuous revolving furnace (cf. Sodidm:
salis), as used at Kalk near Cologne.

The ordinary decomposing pans, which in
England produce from 1,500 to 2,000 tons of sait
cake before they are worn out, serve only for half
or two-thirds that quantity with potassium chlor¬
ide. At Stassfurt they employ thin pans, 1\
inches thick throughout, which last only for
250 to 500 tons of potassium sulphate. Bliigel' s
firebriek pans (Germ. Pat. 4,207) do not seem to
have answered.

The charges are from 5 to 10 cwt. of potas¬
sium chloride, and the corresponding quantity
of sulphuric acid, which must be varied accord-
ing to the varying strength of the chloride. That
from the vinasse works contains carbonate, which
must be taken in account. With mule furnaces
the work is considered sufliciently good if 1 to 2
p.c. KC1 and 2 to 3 p.c. ' free ' S03 is left in the sul¬
phate. Each charge takes about an hour to finish.

With reverberatory furnaces the undecom-
posed KC1 is only 0-5 to T5 p.c. ; the 1 free ' S03
lté 2 p.c.

With Mactear's furnace the Kalk works pro¬
duce from 22| to 25 tons of potassium sulphate
in 24 hours ; the product contains only O, 7 to
10 p.c. KC1, and as much free SO, (that is,
bisulphate). The condensation of the hydro¬
chloric acid is very good, 95 p.c. of the theoreti-
cal quantity being recovered.

Theoretically 100 parts E^SO., require 85-G
of pure KC1 (corresponding to a yield of 116-8 of
the former from 100 KC1), and 45-91 of SO„ =
75-27 acid of sp.gr. 1-67 ; and the HC1 escaping
should be 41-84 parts = 138 parts hydrochloric
acid of 32J p.c. Practically with hand-furnaces
3-5 to 5 p.c., with mechanical furnaces 1 p.c.,
exeess of sulphuric acid must be taken, or even
more, if a minimum of undecomposed KC1 has
to be guaranteed.

The yield of sulphate is almost equal to
theory, the small unavoidable loss being made

up by matter mechanically taken up from the
furnace, flue-dust, &c. The qnality has been
mentioned above.

The following is an analysis of good com¬
mercial sulphate made from 98 p.c. potassium
chloride :

K2S04.
Na2S04
KC1 .

95-00 p.c.
0'50 „

1-50 „

S04H2 . . . 1-84 p.c.
Ca0,Âl203,Fe,03 0-81 ,,

Insoluble . 0-35 „

The yield of hydrochloric acid is usually only
70 to 75 p.c. of the theoretical one with rever¬
beratory furnaces, 90 p.c. and upwards with
muffle furnaces or the Jones and Walsh furnace,
95 p.c. with Mactear's continuous furnace.

The wages per ton of sulphate are from 6-5
to 7-2 marks (including the condensation of
hydrochloric acid) for hand furnaces, but only
one-half or even less for Mactear's furnace.

The fuel used amounts to 9 cwt. of good
Westphalian coal with mutile furnaces, or 4 to 5
cwt. coke and 3 cwt. coal for reverberatory fur¬
naces. With Mactear furnaces there is no

saving of fuel, since it is neeessary to provide
steam for the engine turning the furnace.

It was formerly usual to contract for the de-
composition of potassium chloride in the follow¬
ing way. For 100 kilos, of chloride supplied
115 sulphate had to be delivered, against a pay-
ment of 9 marks, of which 5-5 marks was
reckoned as cost of sulphuric acid, 3 marks for
various expenses, and 0-5 marks as profit (apart
from the hydrochloric acid). Nowadays,the sul¬
phuric acid should cost much less than the
above.

The quantity of potassium sulphate made in
Germany amounted to in

1879
1880
1881
1882
1883
1884

15,749 tons
10,602 „

13,280 „

18,810 „

16,201 „

12,495 „

1885
1886
1887
1888
1889

18,149 tons
17,246 „

25,365 „

33,412 „

29,709 „

Potassium carbonate. Impure potassium
carbonate, commercial ' pot-ashes,' has been
known in very ancient times. Aristotle men¬
tions its préparation by the incinération of
rushes, Dioscorides by that of argol, but only
Kunkel, in the seventeenth eentury of our era,
proved the identity of these two products. The
Komans employed them in medicine and for
soap-making; the latter is even now the most
important outlet for that article, as soft soap
cannot be made with soda. Otherwise soda
tends more and more to displace the more ex¬
pensive alkali potash, and has done so in the
manufacture of hard soap, in that of glass (par-
tially even in that of flint glass and Bohemian
crystal), and more recently, to some extent, even
in some manufactures which formerly seemed to
be exelusively possible with the use of potash,
as that of chromâtes, chlorates, and ferrocyan-
ides. In the manufacture of oxalic acid from
sawdust caustic potash is also considered in¬
dispensable.

Leaving aside such methods as cannot be
classed among manufacturing processes (such
as the incinération of argol or wine-lees) with
or without potassium nitrate, we may enumer-
ate the following commercial sources of potas¬
sium carbonate :—
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1. Minerai, (a) From potassium chloride and
sulphate by Leblanc's or other proeesses.

(6) From felspar and other rocks containing
potash.

2. Vegetable. (a) From wood ashes.
(b) From beet-root molasses (vinasse).
(e) From kelp or varech (very unimportant).
3. Animal. From the 'suint' of sheep'swool.
Potassium carbonate (or caustic potash)

manufactured from the chloride or sulphate.
AU processes starting from this base are of very
recent date, and only that imitating the Leblanc
soda process has acquired great importance. In
1861 Messrs. Vorster and Griineberg, of Kalk,
near Cologne, commenced working up potassium
sulphate (which at that period was a by-product
in working up vinasse cinder, less valuable than
chloride, and difficult to get rid of) by the
Leblanc process, and thisindustry has gradually
spread over other parts of Germany, which is
the principal seat of that industry. In England
the Leblanc process seems to have been attemp-
ted with potash about 1863 or 1864, but it was
only somewhat later employed for making com¬
mercial carbonate, and has not gained any great
extension there. In France it was introduced in
1873, at Croix, near Lille, and to other works in
the North.

We sliall now enumerate the principal pro¬
cesses for manufacturing potassium carbonate
from chloride or sulphate, omitting those
which have been originally proposed for soda
without spécial adaptation to potash (v. Sodium
sauts) :—

(1) From chloride, without passing through
sulphate. The ammonia process, which is of
such importance for the manufacture of soda
(comp. this) is not applicable to potash, be-
cause the solubility of potassium bicarbonate
is too great. An attempt to overcome this by
working in an alcoholic solution, by Grousilliers
(Germ. Pat. 10,552) was entirely unsuecessful.

A very ingenious process is that of Ortlieb
(Germ. Pat. 5,786, 9,376, and 13,397), replacing
ammonia by trimethylamine, which is obtained
by a certain treatment of beet-root vinasse (cf.
below). The great solubility of trimethylamine
liydrochloride admits of separating the potassium
bicarbonate ; cold pressure and agitation pro-
mote this objeet. The reaction is hence :—•

KCl + N(CH3)3 + CO., + H..O
= KHCOj + N(CHs)s.HCh

The limited supply of the reagent, its high
price, its extremely unpleasant smell, are draw-
backs to this process, which otherwise seems to
have worked well in the expérimental factory at
Croix, where it was, however, given up again
after a short time.

Engel patente! the following process (Germ.
Pat. 15,218) :—Suspending magnesia or natural
magnesite in a solution of potassium chloride,
and passing in carbonic acid under pressure,
when a double carbonate of potassium and mag¬
nésium is preeipitated, which canbe décomposé!
into the single salts by heating or dissolving in
water :

3MgCOa + 2KC1 + C02 + H..0
= 2MgC03,KHC0.1 MgCl,.

The recovery of magnesia from the chloride
would have presented difficulties, but there must
have been others as well, for the works started
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at Stassfurt were soon stopped again. Delsol
(39,903) patente! an addition to Engel's process.

A further patent of the Salzbergwerke Neu-
Stassfurt (Germ. Pat. 50,786) describes an im-
proved process for treating the compound
KHC03,MgC03,4H20 with water under pressure
at 140°. In 1891 the process was still at work,
but its success not yet assured.

In 1885, Borsche and Briinjes patented the
production of carbonate from chloride or sul¬
phate by means of ammonio-magnesium car¬
bonate and carbon dioxide. This process wasto
be aetually carried out on a large scale, with
what success is still an open question.

Wittjen and Cuno (Germ. Pat. 19,197) em-
ploy zinc in lieu of magnésium compounds for a
similar process.

Scheele'sprocess,treating an alkaline chloride
by litharge, lias been repeatedly attempted with¬
out practical success. It has been applied to
potash by the Société anonyme Lorraine indus¬
trielle (Germ. Pat. 23,701), and by D. C. Knab.

Gilchrist Thomas (Germ. Pat. 30,209) treats
alkaline chlorides in the shape of blocks in a
heated converter with pig iron, containing little
carbon, but upwards of 4 p.c. silicium, in a
stream of hot air and superheated steam.

Wagner, in 1865, proposed precipitating
potash by hydrofluosilicic acid, and decomposing
the potassium fluosilicate by lime.

Several inventors utilise the slight solubility
of potassium bitartrate (Goldenberg) and binox-
alate. Bohlig décomposés the latter by mag¬
nésium carbonate. None of these processes are
praeticable. '

The décomposition of alkaline chlorides by
the galvanic current has been frequently attemp¬
ted. This process has been applied to carnallite
by Wollheim (Germ. Pat. 16,126) ; at Aschers-
leben it was to be tried on a large scale with
machines of 120 h.-p. The Griesheim Chemical
Company at Frankfort have carried out the
electrolytical manufacture of caustic potash and
chlorine from strongpotassium chloride with great
.success, and on a very large scale, for some years
past, but it is not known by what spécial process.

(2) From sulphate. Leblanc's process will be
desci'ibed below. It has been extended to a direct
treatment of schoenite by Vorster & Griineberg,
and Precht (in 1885) even patented a direct addi¬
tion of magnésium sulphate. Clemm (1863) and
Precht (1885) décomposé schoenite by heating
with coal, whereupon a mixture of magnesia and
potassium sulphide is formed, which is treated
with moist carbon dioxide.

The processes 'in which compounds of
barium, strontium, aluminium, &c., also alu¬
minium phosphate, are employed for decom¬
posing alkaline sulphates are enumerated sub
Sodium sauts. We mention only the process
of Jannasch (Germ. Pat. 51,224), who boils
potassium sulphate, obtained by a spécial pro¬
cess from kainite, with finely ground native
barium carbonate (witherite). As he employs
the native minerai and no carbonic acid, the de-
composition is sure to be incomplète.

E. Pfeiffer states (Z. 8, 1338, 1375) that he
decomposed, for some time, potassium sulphate
with barium carbonate on a large scale. W.
Bramley has patented the same process in a
little modifie! form (Eng. Pat. 1,050, 1886).

IRIS - LILLIAD - Université Lille 1



POTASSIUM, SALTS OF. 283

Dupré (Germ. Pat. 47,037) mixes solutions,
saturated at 0°, of équivalent quantities o£ potas-
sium sulphate and sodium carbonate (containing
85grms. Na2C03 and 139 grms. IGSOjper litre), and
eools down very cantiously below 0°, passing a
ftieam of C02 into the liquid ; or else 140 grms.
sodium bi-carbonate +140 grms. potassium
sulphate, dissolved in 1 litre water, are cooled
dora to - 6°, when 200 grms. of Glauber's
salts crystallise out, which are separated from the
solution of potassium bicarbonate by a centri-
fugal machine. At —10° the séparation of
Glauber's salts is more complété, but then the
process is interfered with by the formation of
cryohydrates. A further patent (Germ. Pat.
52,163) contains important improvements of the

Vogt and Figge (Germ. Pat. 31,675) convert
jltaline sulphates into a porous form by rnixing
tbem with silica, clay, magnesia, or lime, cal-
ciuing, and moulding into small pièces. These
are introduced into upright iron cylinders, in
which the sulphate is first converted into sul-
phide by the action of carbon monoxide at a
bright-recl heat, carbon dioxide being given off,
and then into carbonate by the action of carbon
dioxide and steam at a lower température. These
cylinders are combined to a set, in which carbon
monoxide is passed in at one end and hydrogen
sulphide passes out at the other end. The cylin¬
ders are discharged from the bottom ; the mass
is lixiviated, and the porous substance employed
over again. This process was to be tried on a
large scale at the Aschersleben works ; it does
not seem to have been successful.

Kays'er (Am. Pat. 320,256) eonverts alkaline
sulphates into carbonates by a mixture of equal
relûmes of C02 and CO at a low red heat ;
SO, escapes, and is utilisée! for converting
chloride into sulphate.

Carbonate of potash by the Leblanc process.
This process consists in fusing potassium sul¬

phate with calcium carbonate and coal. Both
the theory and the practical exécution of this
process are exactly like its original application
to soda, to which we must refer for particulars.
This also holds good of the furnaces, lixiviating
apparatus, boiling-down pans, &c. We shall
here point out only those matters in which the
potash process différa from the soda process.

The potassium sulphate is nearly always that
oMained by deeomposing potassium cliloride
with sulphuric acid. That obtarned from
schoenite (cf. p. 280) is too light, and is easily
carried away by the draught. Without damaging
the process, some schoenite may be mixed with
the KjSO,.

The furnaces are almost exactly like black-
ash furnaces ; the only différence is that the
hearth is made a little ' dished '—that is, with
a dépression of 2 inches in the centre—to
eounteract the tendency of the melting nrass to
penetrate into the hearth and raise it up.

The usual mixture is : 100 potassium sul¬
phate, 80 to 90 limestone, and 40 to 50 coal ;
but in starting a new furnace the proportion of
limestone and coal is somewhat increased till
the furnace has attained its full heat. Small
batches (of 2A to 3 cwt. sulphate) are finished
in forty to fifty minutes, large batches (up to

5 cwt. sulphate) in abont seventy-five minutes,
so that there is no advantage with the latter ;
on the contrary, small batches are more easily
worked, and the furnace suffers less ; there is
also less volatilisation of potassium compounds.
Usually thirty batches of 3 cwt., or thirty-five of
2§- cwt., of sulphate are turned out in twenty-
four hours.

Towards the end of the opération the fusing
mass becomes thinner than with soda ; the end
of the opération is at hand when the évolution
of ' candies ' begins to diminish slightly, where-
upon the batch must be drawn out at once. The
température rises from 700° in the beginning
to 900°C. in the end.

Good black ash from potash should contain
40 to 45 p.e. potassium carbonate (counting the
hydrate as well as such), and not above 0-5 to 1*5
undecomposed sulphate, and 0-5 to at most 1-0
sulphide. It contains ail the less caustic, the
less limestone and coal are used in the original
measure. Cyanide is formed from the nitrogen
of the coal, sometimes to such an extent that
the recovery of ferrocyanide is a paying process.
German coal yields less cyanide than English
(Newcastle) coal.

100 parts of potassium sulphate, with an
average proportion of limestone, yield from 157
to 163 parts of black ash.

The black ash is left to cool for one or two
days, and is broken np in smaller pièces than
with soda (say, not above 4 inches diameter).
The lixiviation takes place precisely as with
soda. For each ton of black ash to be lixiviated
in twenty-four hours there shonld be vat space
amounting to from 250 to 350 cubic feet. The
water is used in summer withont heating ; in
winter abont 30°C. ; the 1 strong vat ' should be
at about 40° to 45°C. The strong liquor, as it
is run off, tests from 36° to 60°T\v. ; the average
is 42°Tw. It is greenish-yellow, sometimes with
a reddish cast. It contains ail the same im-
purities as soda tank-liquor. Pfeiffer quotes the
following quantities found in two samples, cal-
culated upon 100 parts of K2C03 ( + KOH) :

a b
Potassium sulphate . 3-27 4-34 parts

„ sulphide . 3-17 2-35 „

„ thiosulphate. 1-72 3-61 „

„ silicate . 1-98 2-24 „

Total sulphur (as K2SO.,) 9-6 11-36 „

There is also aluminate, ferrocyanide, ferro-
sulphide, &c. The tank-waste ought not to con¬
tain above 0-2 to 0-3 p.c. of soluble potassium
carbonate.

By directly evaporating the tank-liquor to
dryness, and calcining, a yellow or reddish
potash is obtained which must be purified by
redissolving, bringing again to dryness, and cal¬
cining. It is decidedly préférable to carbonate
the tank-liquors exactly as this is done with
soda liquors, whereby the hydrate and sulphide
are converted into carbonate, and the ferrous
sulphide is precipitated. This can be done by
gaseous carbon dioxide in the manner described
for soda, or very advantageously with potassium
bicarbonate.

The evaporation of the liquor takes place in
pans heated by the waste fire of the black-ash
furnace either from the top or the bottom. Pans
tired from the top suffer less, and the evaporation
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takes place more quickly than with bottom beat,
which requires about twice tbe heating surface ;
still, bottom-fired pans are generally preferred in
potash works, because the liquors are less con-
taminated with S02, soot, coal-ashes, &c.

The evaporation can be carried on with good
liquors to 77°Tw. before any sulphate ' salts out.'
Ai this point the liquor is run .off into coolers,
where most of the sulphate is precipitated in
a muddy form, together with a little K,C032H20.
With inferior liquors, containing much sulphate,
this may ' sait out ' even at 60°Tw., and this
takes place in any case above 77°Tw. up to
123°Tw., at which point ail the sulphate will
liave been removed. That part which is pre¬
cipitated in the pans during evaporation would,
in bottom-fired pans, produce very inconvénient
crust unless it were constantly removed by
' fishing.' This can be done most conveniently
with boat-pans or with Thelen's mechanical
fishing-pans (described in art. Sodium salts).
In the case of top-fired pans sueh deposits are
harmless, and hence at some works they employ
bottom-heat up to 77°Tw., and top-heat above
that point.

The potassium sulphate, precipitated both in
the pans and by cooling the liquor, is drained,
freed from adhering liquor by cold water, and
used over again in the black-ash furnace ; this
is an advantage against the Leblanc soda
process, where the sulphate remains with
the soda-ash, and is thus lost. With coal con¬
taining much nitrogen it pays to extract the
potassium ferrocyanide, which is found together
with the sulphate. The deposit is for this pur-
pose dissolved with water and steam to sp.gr.
66£°Tw. ; the solution is clarified and run into
coolers, where the ferrocyanide crystallises out.
It is purified by re-dissolving to 60°Tw. The
yield is generally below 1 p.c. of the carbonate.

The ftnisliing opération takes place in a cal-
cining furnace, like those employed for soda,
but always connected with a cast-iron pot or
a wrought-iron pan, set at the end opposite the
iireplace, for utilising the waste heat. In those
pans the liquor is brought to at least 123°Tw.,
but sometimes to the state of paste. In the
latter case the furnace-bed is made level ; when
intended for liquor of I23°Tw. it must be made to
slope down from the working-door to a depth of
5 or 6 inches. In any case the furnace must be
brought to a bright-red heat before charging it
with fresh liquor or paste, so that a crust is
formed at once on the bottom, and there is less
tendency for the liquor to penetrate into the
furnace-bed, which, of course, must be made
with the greatest care, exactly like that of a
black-ash furnace. The new crusts forming at
the surface must be worked down, and when the
whole mass is dry it must be detached from the
brickwork and broken up by means of the ' rake '
and the ' paddle.' In the intervais of working
the mass the heat is raised by closing the door
and stirring the fire till the surface shows just
incipient fusion, but not above this point. When
the mass has been brought to a red heat through-
out, and into the state of a uniform powder, it
is drawn out and is left to cool on an iron plate.
With liquor of 123°Tw., four or five batches of
5 or 6 cwt. of potash can be turned out in twenty-
four hours. It is important to avoid any in¬

terruptions of work, which nearly always produce
cracks in the brickwork.

With carbonated liquors a single calcination
furnishes a marketable product containing 85 to
92 p.c. carbonate, 10 to 2 sulphate, 2-5 to 0'5
chloride, and a little insoluble matter. This is,
however, frequently refined by redissolving it
with the aid of steam, in tanks provided with
a suspended sieve or with a mechanical stirrer,
to a strength of 110° or 112°Tw., and allowing
it to settle, when, on cooling, most of the sul¬
phate crystallises out. The clear liquor is fur.
ther concentrated to 123°Tw. in the pans behind
the calcining furnaces, and is calcined with
spécial care. This refined product contains :

Potassium carbonate!
(hydrate, silicate, vfrom 92 to 98-5 p.c.
aluminate) J

Sodium carbonate . „ 2-5 „ 0*5 „

Potassium chloride . „ 2-5 „ 0-6 „

Potassium sulphate . „ 3*0 „ (H „

The quantity of silicate and aluminate is very
slight. Phosphate, which always occurs in
potash from vegetable sources, is absent here.

Hyclratcd carbonate of potash. For some
purposes, especially for flint-glass making, potash
entirely free from sulphate, but containing 12 to
18 p.c. of water, is manufactured as follows.
Ordinary carbonate is dissolved to a strength of
142°Tw., or even above this ; the solution is
allowed to cool and settle, which causes nearly
ail the sulphate to separate. The clear liquor
is evaporated in flat-bottomed pans to the state
of a thick paste ; the fire is now drawn out, and
the mass is constantly stirred up till it has been
converted into a coarse powder. It is less déli¬
quescent than calcined potashes ; its composition
approaches the formula K2C03,2£L,0.

Yields and costs.—With 5 cwt. batches the
quantity used for making 100 kilos, of 95 p.c.
potash is 150 to 154 kilos, sulphate 95 p.c. and
and 160 to 200 kilos, limestone ; with 3 cwt.
batches only 145 to 149 kilos, sulphate and 130
to 160 limestone. The quantity of coal is 250 to
310 kilos., rather less with large than with small
batches. Of 100 parts of coal 27 are used for
mixing, 28 for firing the black-ash furnace, 19 for
the first calcining, 15 for the second calcining,
11 for steam. The wages for 100 kilos, potash
amount to 2-80 or 2*90 marks, the casks to 1 mark,
repairs 3 marks, sundry expenses 3 marks.

Blugel (D. P. J. 233, 151) gives the following
calculation for a well-managed works :—

(a.) Manufacture of potassium sulphate.
Marks

100 kilos, chloride of potass., 95 to
98 p.c. 13*50

85 kilos, sulphur. acid, 142°Tw.
(self made), at 4*50 . . . 3*83

25 coke, at 1*90 .... 0*48
Wages 0*80
Repairs, dépréciation, général ex¬

penses 0*80
"Ï9Ï1

Deduct value of 110 kilos, hydro-
chloric acid 32° .... 0*55

Product : 117 kilos, sulphate. . 18*80
Hence eost of 100 kilos, ditto . 16*12
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141 kilos. sulphate at 16-12
140 „ limestone at 0-80
275 „ coals at 1-30 .

(i.) Manufacture of potassium carbonate.
Marks

. 23-70
1-12
3-58
2-80
1-00
1-00
1-60
1-00
1-00

Interest and dépréciation
General expenses .

Commission on sales

Cost of 100 kilos, refined potash
95-98 p.c 36-80

The quantity of potassium carbonate manu-
factured by the Leblanc process in Germany
amonnted to about 12,500 tons in 1879 and to
about 20,000 tons per annum in 1883.

4. Potashfromfelspar and otlier rocks. The
recovery of potash from rocks containing it
in large quantities (sometimes up to 14 p.c.
iO), wkich undonbtedly by their décomposition
lave furnished ail the potash existing in the
îoil, and hence indirectly that obtained from
vegetableand animal sources, has beenattempted
by a number o£ chemists for many years past
without much success. The most promising
process seemed to be that of Ward and Wynants,
ïïho ignited finely-ground felspar (orthoklas)
rith lime and fluorspar till the mass had fritted.
On lixiviation potassium hydrate and silicate
are dissolved by means of carbon dioxide. The
silica is precipitated, and potassium carbonate
can be obtained from the solution in a very pure
foim. Both this and ail similar processes are
qnite out of the field, since the diseovery of the
Stassfurt deposits has opened out an incom-
parably more convenient source of potash, which
is, at any rate, sufficient for hundreds of years
to corne. The proposai of Spiller (S. C. I. 1882,
128), heating felspar with calcium iluoride and
sulphuric acid in order to obtain potassium and
aluminium sulphate, has very little prospect of
practical réalisation.

5. Potash from wood-ashes. This was for-
merly the only source of carbonate of potash
on a large scale. About the middle of this
century it lost much of its importance through
the rise of the vinasse industry ; and, since the
manufacture of potassium carbonate by Le-
blanc's process has more and more extended,
that made from rvood-ashes has correspondingly
receded into the background. Nor is this
resuit very much to be deplored, for the ready
sale formerly obtained for potash from wood-
ashes led to the dévastation of forests at an

alarming rate. On the other hand, it is a
factthat in some localities the only use to be
aade of timber is its conversion into ashes, and
extraction of potash therefrom ; but the places
where this can be called in any way a rational
process are getting more and more scarce.
Several of the brands formerly found in trade
bave become extinct now. Since the use of
wood as fuel has also very much diminished
during the last génération the collecting of ashes
from this source, which were formerly sold to
the potash manufaeturers, is now too trouble-
some in most countries, and sueh wood-ashes
are there only used for domestic and agricultural

purposes. Only some parts of Russia, Transyl-
vania, Illyria, Canada, and the United States,
still furnish somewhat considérable quantities of
commercial potash (pearl-ash, &c.).

Potash is an indispensable element for the
growth of most plants, and is hence found in
their ashes. But where it is associated with
much silica and phosphoric acid the ashes con-
tain but little carbonate, and are not available
for the manufacture of potash. This, for in¬
stance, holds good of straw-ash. The only prac-
tically important source of potash is wood-ash ;
it is true that the ashes of several herbaceous
plants contain a great deal more of potassium
carbonate than the ordinary woods, and it has
been actually proposed to grow such herbs for
this manufacture, but this is irrational and
without any hope of success, as these quickly
growing plants exhaust the soil much more
quickly than can be made up by the natural
décomposition of the minerais composing it.

The following table shows the percentage of
total ash and of potash in some of the more
important woods and plants :—

Ash Potash
per cent. per cent.

Pine wood . . 0-34 0-045
Poplar wood. . — 0-075
Beech wood. . 0-58 0-145
Beech bark .

— 0153
Ash wood . . 1-22 0-074
Oak wood . . 1-35 0-153
Oak bark — 0-420
Box wood . 0-226
Willow wood . 2-80 0-285
Elm wood . . 2-55 0-390
Vines . . 3-40 0-550
Thistles — 0-500
Rush . — 0-508
Ferns . . 3-64 0-626
Nettles. — 2-503
Vetch .

— 2-750
Wormwood . » — 7-300

In Canada most potash is made from elm,
birch, larch, and maple.

The potash is contained in these plants in
the shape of sulphate, chloride, silicate, and
organic salts. The latter, on calcining, are
converted into carbonate, part of which may be
hydrated if lime was présent ; any silica présent
will pass into potassium silicate, and this
renders the manufacture of potash from straw
quite irrational. Where soda is présent in large
quantities the potash obtained must also be of
inferior value. Hence the quality of potash
found in trade is very varying, quite apart from
actual falsifications with coal-ashes, soda, &o.

The manufacture of commercial potash is a
very crude process. The wood is burned in pits
dug in the earth in places sheltered from wind.
The collected ash (beech-wood ash is preferred
to ail other wood-ashes ; vine stalks, ferns, &e.,
where obtainahle in quantity, are still better)
is spread on a stone floor, sprinkled with water,
and worked through till it is evenly damp.
Sometimes (in Canada) a little lime is mixed
with it, which afterwards causes the formation
of caustic potash. The damp ash is placed in
casks provided with a false bottom, covered with
straw, and water (preferably hot) is poured over
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it. After some time the liquor thus formée! is
drawn off by a plug-hole at the bottom ; if it is
about 32°Tw. strong it can be boilecl down at
once ; the weaker liquors and washings are used
for lixiviating fresh ash. The residue, which
with this rough style of working still contains
mueh potash, is a good manure.

The boiling-down is also generally a very
rough process. In lieu of pans possessing a
large heating-surface (pans fired from the top
would be the best) usually eircular cast-iron pots
fired from below are employed, in which the
liquor is boiled down to dryness. In spite of
stirring up the mass before it becomes quite dry
much of it burns fast to the pot, causing a great
waste of fuel and a speedy destruction of the
pot. In America the mass is heated nearly to
redness, and is converted into greyish-pink com¬
pact 'pot-ashes,' which are assorted by officiai
inspectors into ' firsts,' ' seconds,' ' thirds,' and
' unbrandables.' The brown crude pot-ashes are
calcined in reverberatory furnaces, which causes
the carbonaceous and other organic matter to
burn away, the hydrate to be carbonated and the
sulphide, &c., to be converted into sulphate. Too
great a beat has to be avoided, because the mass
would then fuse, and this would prevent the
organic substance from being burned. The re-
sulting product should be white or blueish—the
latter from potassium manganate. A purer
product is obtained by dissolving the product of
calcination in water, separating the liquor from
the insoluble substances, evaporating and eal-
eining again ; thus the American ' pearl-ashes '
are made.

The common American ' pot-ashes ' are fre-
quently made with addition of so much lime
that they contain the major portion of the pot-

The potash from bamboo-cane, made in
British Burmah (Bomanis, C. N. 45,158), testing
32-54 K20, 0-98 Na20, 18-72 KC1, 16-95 SiO.„
807 C0.2,2-71S03,1-1Ô A1203 andPe203,19*43 H20,
partakes more of the nature of a silicate than
that of a carbonate (like ail other potashes made
from graminaceous plants).

ash in the caustic state ; thus some of the silicate
is also recovered which would be lost otherwise.
This potash fuses below a red heat ; it is there-
fore only boiled down till the mass solidifies on
cooling and appears in grey, red, or black lumps.
This description of potash must be even more
carefully protected against attraetingatmospherio
moisture than ordinary commercial carbonate o{
potash, although this is also déliquescent. Such
caustic potash is very much in request by soap
makers ; it takes less lime in making their ley,
and causes less loss, just in proportion of the
smaller amount of lime-mud.

' Purified carbonate of potash ' is made from
ordinary carbonate in two différent ways. Either
the carbonate is stirred up in an iron pot with
1J or 2 times its weight of cold water, and the
mixture which gets hot allowed to cool down
before siphoning off the clear liquor. The sul¬
phate and some chloride remains behind, to-
gether with the insoluble matter ; the residue is
not washed (which would cause the sulphate to
be re-dissolved), but only pressed. The liquor,
containing mostly carbonate, but also chloride
and silicate, is brought to dryness, stirring it up
to the end. Or else the solution is made with
hot water, the residue is exhausted in the same

way, the liquors are boiled down to sp.gr. 1-50
and allowed to cool, when the sulphate and some
chloride erystallise out. This process is more
expensive than the former. In order to make
still purer carbonate for flint-glass, pearl-ashes
are calcined -with a little sawdust lixiviated, the
clear liquor is boiled down and calcined, and
this is repeated twice over ; the last product is
dried down till it is converted into granular
1 crystallised ' carbonate with 15 to 18 p.c. of
water (cf. p. 284).

The quantity of wood potash produced in the
whole world was estimated by H. Griineberg, in
1873, at 20,000 tons per annum. Even then its
production had very mueh receded in comparison
with former times. The exportation from Bussia,
formerly the leading country in that respect,
which in 1864 had been 11,000 tons, in 1873 had

Analyses of commercial potashes, pearl-ashes, &c., from wood.

Origin

American potash .

Montréal potash

Canadian pearl-ashes

Tuscan potashes

Illyrian potashes
Hungarian „

Galician „

Russian „

Quality

seconds j
thirds

KaC03

41-7
19*4
18-3
34-5

43-87-}
26-16 j
38-53- )
21-71 j
46-31
71-3
65-0
77-50
71-38
74-1
62-6
89-3
44-6
46-9
69-61
50-84

KO H

Total
available

alkali
calc. as

K3C03

49-6
44-4
36-6
29-6
50-03-)
36-50 f
42-44- !

30-63 J
6-14

75-5
108-2
87-8
81-7
81-8
92-49- )
89-82 j
85-79-
85-08 )
72-10
74.2
70-2
80-98
74-53
78-0
76-9
89-3
68-0
51-6
73-77
66-78

Available
Potash

calc. as

KaC03

106-4
77-2
65-9
77-9
88-83- )
85-54 j"
76-24- |
73-98 )
53-86
71-3
65-0
77-50
71-38
74-1
62-6
89-3
44-6
46-9
69-61
50-84

KaaCOa

5-8
1-4
8-2

12-2
3-0
6-24-)
2-84 j"

11-47-1
8-52 J

17-81
2-3
4-0
2-86
2-31
3-0

11-0
o-o

18-1
3-6
3-09

12-14

K.SO*

15-3
4-0

16-1
15-1
15-0

16-07-1
10-40 J
18-92-1

9-18 J
20-53
14-3
21-0
11-65
14-38
13-4
15-5

1-2
30-0
29-9
14-11
17-44

KC1 Analyst

Pesier

P. Mayer

Griineberg

Tatlock

Pesier
Griineberg
Tatlock

Pesier

Griineberg

Pesier
Bastelaer
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leclined to 5,540 tons ; New York, which in
1865 exportée! 2,610 tons, in 1873 only exportée!
388 tons. Of the American exportation, about
one-tenth is pearl-ashes, nine-tenths caustie
pot-ashes. At présent the total quantity of
wood potash annually producecl cannot exeeed
10,000, or at most 15,000, tons ; great part of
this is consumed in the countries where it is
produced.

6. Potash from beet-root vinasse. In the last
stage of the manufacture of sugar from beet-
root a syrupy liquid is obtained, which, although
containing a very large quantity of sugar, cannot
lie brought to crystallise, owing partly to the
presence of organic impurities, but chiefly to
the large quantity of salts présent. The latter
tircumstance prevents the utilisation of such
'beet-root molasses ' in a similar way to cane-
sngar molasses. For a long time the only way
of dealing with beet-root molasses was this :
diluting them with water, neutralising their
alkaline reaction with sulphuric acid, causing
the liquor to enter into alcoholic fermentation
by means of yeast, and distilling off the spirit
(which is of rather inferior quality). The liquor
remaining behind in the stills, called ' vinasse '
in French or ' schlempe ' in German, was for-
merly always led back upon the fields on which
the sugar-beet had been grown. To some extent
this is still done ; nor can it be denied that this
is, after ail, the simplest and at the same time
the most rational way of dealing with it, where-
ever it is practicable with respect of carriage, for
in this way the minerai substances (especially
potash and phosphoric acid) taken from the soil
in the shape of beet-root crops, are given back to
it in a soluble form, together with the nitrates
formed in the plants, which are lost in every
other process of utilising the vinasse.

On the other hand, the large quantity of
potash contained in this liquor has, under ordi-
nary circumstances, a greater commercial value,
even deducting the expense of reeovering it in
the shape of carbonate of potash, than in that
of liquid manure. This was pointed out about
1830 by Dubrunfaut, to whom is thus due the
introduction of the very important industry of
beet-root potash, which, however, took firm root
only about 1850, first and always foremost in the
north of France, then also in Belgium and Ger¬
many. In France this forms still the most usual
way of dealing with molasses, whilst in Germany
it has become more usual to extract the sugar by
means of the osmose, the strontia, and the lime
processes. The strontia process easily admits of
reeovering the potash in the shape of ' vinasse
cinder1 ; but the dilute liquids, obtained by the
osmose and the lime process, are usually only
applied for manuring the fields. Pfeiiïer (Kali
Industrie, 101) estimâtes the potash contained in
the beet-root-juice worked in Germany in 1883,
calculated as 80 p.c. potassium chloride, at
15,000 tons, 8,000 tons of which was rendered
back to the fields by the factories working the
osmose and substitution processes, whilst 7,000
tons passed into molasses. Of the latter, about
1,350 tons were reeovered in the shape of
'schlempekohle ' from the strontia process, and
3,000 or 4,000 tons from the factories working
the molasses for spirit. In France sometimes
the osmose liquor is worked for potassium nitrate,

which forms 50 p.c. of the ' salin ' obtained by
boiling down the liquor to 40° Baumé (D. P. J.
245, 192 ; 264, 510).

Sugar-beet may be said to yield about 1 p.c.
of ash, nearly half of which consists of potash
(calculated as ICO), présent in the juiee to a
great extent in the shape of nitrate and of salts
of organic acids, ail of which on calcining yield
carbonate. Very little of it goes away with the
sugar : nearly ail remains in the molasses, which
contain from 44 to 50 p.c. of sugar, 14 to 18 p.c.
other organic substances, 16 to 18 p.c. salts, and
15 to 18 p.c. water ; the ash amounts to 10 to 12
p.c. The ash is composed as follows, according
to Krocker :

Soluble Insoluble
Potash . . . 47-88 1-70
Soda .... 2-34 0-17
Lime .... — 5-08
Sodium chloride . . 12-92 —

Sulphur bioxide . . 1-53 —

Carbon dioxide . . 22-39 4-00
Silica .... 0-85 0-22
Phosphorus pentoxide . — 0-29
Lime, magnesia, ferrie"!

oxide (as phosphates) J
— 0-63

87-91 12-09

Heidenpriem found in molasses ash :
Potash . . . 47-67 51-72 p.c.
Soda .... 8-00 11-43 „

Lime .... 3-12 5 04 „

Magnesia . . . 0-10 0-18 „

Carbon dioxide . . 27-94 28-90 „

S03,P205,Si02,Cl,Fe203. 6-16 9-33 „

Manufacture, of vinasse - cinder (salin,
schlempekohle).—The vinasse, a liquid of about
sp.gr. 1-028, and always of acid reaction (pur-
posely brought about for the sake of fermenta¬
tion, comp. above), is neutralised with lime, and
is then concentrated by evaporation. Sinee the
profitable working of this process dépends entirely
upon the economical evaporation of a dilute
liquid, much ingenuityhas been expended in the
evaporating apparatus. The beat must act both
as top and bottom beat, the flame travelling
between two pans, or over the top of a pan
covered with an arch, upon which another pan
is set so as to be indirectly heated. The most
suecessful and most widely-employed System for
this purpose is Porion's furnace, in which the
evaporating - surface is largely increased by
splashing about the liquid in the fire-gases by
means of paddle-wheels revolving from 400 to
800 times per minute.

The heat required for evaporating the liquid
is produced partly by an ordinary lire, partly by
the combustion of the organic substance con¬
tained in the vinasse. When the latter has been
brought to the syrupy state, say 60°Baumé, it is
transferred from the iron pan on to the bed of a
reverberatory furnace, immediately attached to it,
on which it is altogether dried, whereupon it
takes fire and itself produces a large amount of
heat. This is aided by the nitrates contained in
the mass. The heat must, however, be so regu-
lated that the mass is not brought to fusion ;
when fused it would be diffieult to lixiviate, and it
would also contain lower oxidation-products of
sulphur. The process is therefore finishedwhen
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a carbonaceous mass lias been formed, a sam-

ple o£ which yields with water on filtration a
eolourless solution. This is the ' salin brut ' or
' schlempekokle ' ( = vinasse einder), a product
■whick was formerly largely sold in tkis state,
and employed chiefly for soft-soap and for the
manufacture of saltpetre from Ckilian nitrate of
soda ; it is now generally worked up into carbon¬
ate of potask and other salts.

The composition of vinasse cinder varies
between very wide limits, aecording to the soil
on winch the beet had been groivn. Griineberg
(Amtlicher Bericht iiber die Wiener Ausstellung,
i, 399) gives the following figures as the average
composition of this product :

Potassium carbonate
Sodium carbonate .

Potassium chloride .

Potassium sulphate.
Insoluble (incl. carbon)

30 to 35 p.c.
18 to 20 „

18 to 22 „

6 to 8 „

28 to 15 „

but the analyses published by Sauerwein, Gohren,
Kuhlmann, Esselens, Lefevre, and others, prove
that the proportion of the ingrédients may vary
even more than that.

In lieu of burning the syrupy vinasse on the
heartk of an open surface, C. Vincent (C. B. 84,
214) runs it, at a strength of 40°Baumé, into iron
retorts, and carbonises it with condensation of
the formed vapours, the recovered liquida being
subjected to a spécial treatment. This extremely
ingenious process, by which trimethylamine and
methyl chloride were for the first time obtained
as commercial products, together with methyl
alcohol and ammonia, has been carried out on a

large scale at Courrières, in the north of France,
but has not extended beyond this. A modifica¬
tion of Vincent's process is that proposed by A.
Zwillinger (Germ. Pat. 38,419), who carbonises
vinasse, brought to the syrupy state, in a retort
by means of superheated steam.

The following description is an outline of
Vincent's process as far as it has been published.
The cinder, obtained by heating the vinasse-
residue in closed retorts, is very porous and easy
to lixiviate ; the potash made from it is very
pure, and especially free from sulphate and sul-
phide. The gaseous products are submitted to
a process of condensation quite similar to that
usual at gasworks ; a little tar and a considér¬
able quantity of aqueous fluid is condensed, and
a considérable quantity of permanent gases is
left over, which may be used for heating pur-
poses.

The aqueous liquid contains ammonium car¬
bonate, sulphydrate and cyanide, methylic sul-
phide, methylic alcohol, trimethylamine, and the
volatile monobasic fatty acids. It is neutralised
with hydrochloric acid, and the major quantity
of water is removed by distillation. The distil-
late contains, together with much water, me¬
thylic alcohol and methylic cyanide ; by re-dis-
tilling it with lime, the methylic alcohol can be
set free, and calcium acetate remains behind.
From 100 kilos, of molasses 1J litres of methylic
alcohol is obtained. The original liquid, con-
centrated by distillation and allowed to cool,
yields a crop of ammonium chloride (about 2
kilos, for 100 kilos, of molasses). The mother-
liquor (about 1-8 kilos.) contains principally tri¬
methylamine hydrochlorate. It is further con-

centrated hy evaporation, and the dry mass is
subjected to prolonged heating. At 260° there
begins a strong évolution of gases, and at 325°
the décomposition is finished. The gases
escaping consist of trimethylamine and methylic
chloride, afterwards with much ammonia; they
are passed through hydrochloric acid, ■which
retains trimethylamine and ammonia, whilst
methylic chloride passes on, is washed with
water and collected in a gas-holder. The liquor
is concentrated to a boiling-point of 140°C. ; on
cooling, nearly ail the ammonium chloride crys-
tallises out and trimethylamine hydroohlorate
remains in the mother-liquor. The gaseous
methylic chloride is dried, and by means of com¬
pression and cooling is condensed to a liquid,
boiling at — 23°C., which is sent out in strong
wrought-iron or copper drums, and used princi¬
pally in the manufacture of aniline dyes.

The theory of the décomposition of the dry
trimethylamine hydrochlorate by heat is as
follows. At first this sait is, like ammonium
chloride, dissociated by heat, and much free tri¬
methylamine is volatilised. The acid residue at
a higher température undergoes the following
reaction : N(CHS).3HC1 = 3CH3C1 + NHS. This
explains the final décomposition into trimethyl¬
amine, methylic chloride, and ammonia.

Elsewhere the recovery of methylic chloride
and trimethylamine does not appear to have been
attempted, but in several places the ammonia
has been recovered by various methods. Thus
Baswitz (D. F. J. 245, 415) runs the vinasse,
concentrated to 31 or 41°Bé., in a thin jet into
red-hot retorts. The gaseous products pass
through a pipe filled with pièces of firebrick and
heated outside by waste heat ; further on some
tar is condensed, rich in pyrrol and pyridine
bases, then the ammonia is absorbed in sul-
phuric acid ; at last the methylic alcohol is con¬
densed by cooling, and the uncondensable gases
are returned to the fire. Each retort takes a

charge of 360 litres of concentrated vinasse
every 12 hours ; the produce of 4 retorts is ;
87'5 kilos, ammonium sulphate, 30 kilos, liquor
containing aminés, 4 to 4'5 kilos, methylic
alcohol, 57'5 kilos, tar. (The process did not
pay when the prices of the above products went
down.) H. Hirzel (Z. 11, 346) employs a vacuum
apparatus with mechanical stirrer. Borsche &
Sohn (D. P. J. 244, 85) carbonise the vinasse
with lime in order to increase the yield of
ammonia ; they assert that up to 80 p.c. of the
nitrogen can be thus obtained as NH3. Similar
processes are those patented by E. Ernst
(D. P. J. 244, 86 ; 245, 413), by Oppermann, by
Gaillett, and by the Waghâusel Sugar Company
(■ibid.), Lederer and Gintl (ibid.) carbonise
vinasse, or the liquors of the lime and osmose
process in revolving drums by a continuons pro¬
cess, the gases being treated for the recovery of
ammonia.

Other apparatus for treating vinasse are
those of Eux (D. P. J. 247, 163), of Klauning
(ibid. 261, 256), of Gontard (ibid. 258, 498), and
of Theisen (ibid. 257, 405).

Working-up of the vinasse cinder.—The
cinder is broken up into pièces of the size of a
man's fist, or rather less, and is methodically
lixiviated with hot water in the usual way. The
liquor is run off at a strength of 23-32°Tw.
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The black residue (grey after drying) eontains
from 8-12 fc.c. of alkaline salts (partly being
potassium sulphate, partly not soluble in water),
20-40 p.c. carbonaceous matter, oontaining a
iittle nitrogen, 15-30 p.c. calcium carbonate,
and a few p.c. of other earthy matters. The
ftrst evaporation takes place by means of steam
coils, and is carried to 74-82°Tw., the concen¬
tration being higher in summer than in winter.
Most of the potassium sulphate is now precipi-
tated as a fine mud ; after two hours' settling
the clear liquor is allowed to cool down, when
impure potassium chloride crystallises out. Ac-
cording to whether the salts are at once sub-
jected to methodical washing or not,they contain
less or more potassium carbonate, as shown by
the analyses of Tissandier (W. J. 1868, p. 286).
The analysis of a large number of French
simples of such chloride (by Blattner, unpub-
lished) yielded—

Potassium chloride
Potassium sulphate
Potassium carbonate
Sodium carbonate
Water.

66-21 to 87-55 p.c.
5-27 „ 19-86 „

0-10 „ 6-49 „

0-40 „ 4-57 „

1-40 „ 8-79 „

This product is principally employed for con¬
torsion into sulphate, and further on into car¬
bonate, by the Leblanc proeess.

The motker-liquor is further evaporated by
open fire in wrought-iron pans with fiât or
saddle-shaped bottoms, in three stages, down to
127-142°Tw. During evaporation monohydrated
sodium carbonate is separated, which must be
fshed out, and is purified by washing andcalein-
ing ; on cooling down, up to 97°Tw., principally
potassium chloride crystallises out, which is

washed like that obtained previously, but beyond
that strength the erystals consist principally of a
potassio-sodium carbonate, K2C03,Na2C03,12H20,
together with some hydrated potassium car¬
bonate, K,C03,2H20. The double carbonate is
re-dissolved in a little hot water and evaporated
down to 127°, during which opération nearly ail
the sodium carbonate falls out as monohydrated
sait, and is removed by fishing. The mother-
liquor from this opération is boiled down, together
with the mother-liquor formerly obtained, and
is, afterproper settling, calcined in a reverberatory
furnace. It yields a potash containing :

II2C03 .

Na.C03
KCl .

K,SO, .

K2Si03.
K2HPO.,
Insoluble

. 80-84 p.c.

. 8-10 „

• 3-4 „

• 3-4 „

.0-25-0-5,,

.0-3-1-5 „

.0-1-0-2 „

Part of the potassium sulphate is formed
from sulphocyanide ; and this sait itself is partly
formed only during the evaporation from potas¬
sium ferrocyanide and sulphide, as witnessed
by the ferrous sulphide, always precipitated
together with the fished-out soda. This purifica¬
tion from ironis very important, and is sometimes
promoted by purposely adding potassium sul¬
phide to the liquors in suflicient quantity to
precipitate the iron. Otherwise, even white
potash is discoloured on contact with the air.
Once calcined potash, when treated as above, is
sufficiently pure and white, but otherwise it can
be purified by re-dissolving, settling, and cal-
cining. The following analyses show the com¬
position of différent descriptions of potash :—

Analyses of commercial vinasse potashes.

Origin K„CO„ Na^CO, k2so. kcl IllSOl. HaO Analyst

French potash . 53-9 23-1 2-9 19-6 Pesier
Valenciennes potash . 79-0 14-3 3-9 2-8 — — Griineberg
Eefined potash . 92-68 3-98 0-43 2-45 0-06 0-50 Tatlock

55 »J ♦ • • 91-22 2-89 2-76 1-92 0-08 0-85 55

55 55 • • • 90-83 2-68 2-67 2-52 0-27 0-90

55 55 • • •

Belgium crude ash .

90-25 2-52 3-81 2-92 0-21 0-45 55

43-0 17-0 4-7 18-0 — — Griineberg
» tt • 34-3 13-0 11-0 23-5 — —

55

Magdeburg crude ash. 32-9 18-5 14-0 16-0 — —

55

5» 55 • • 27-1 18-0 10-0 9-5 —■ —

55

Wagkausel (refined) .

>5 55 • •

94-39 trace 0-28 2-41 0-18 — v. Groningen
88-73 6-45 2-27 1-01 — — Keller

55 55 • 78-10 13-33 2-31 3-21 8*05 — Tissandier
S> 55 • 81-22 13-15 1-78 3-25 0-80 —

55

5) 55 * • 91-25 4-73 0-80 2-61 0-61 —

55

7. Potash from suint. The ' suint ' or ' yolk,'
which forms a third or more of the weight of raw
sheeps' wool, was proved by Chevreul to contain,
together with many other substances, a considér¬
able quantity of potash, combined with fatty
scids to a soluble soap. Maumené and Bogelet
were the first, in 1859, to utilise tbis for recover-
ing carbonate of potash from the wool used at
and near Blieims and Boubaix, and their example
has been followed elsewhere, but not to any
great extent. 100 parts of raw wool are stated

VOL. III.—T

by Maumené to yield from 14 to 18 parts of salts,
or about 5 parts of potassium carbonate ; lience
the 60,000 tons of wool annually imported into
the United Kingdom ought alone to yield about
3,000 tons of potassium carbonate, none of which
is recovered up to the présent. Even at Boubaix,
Bheims, and Elbeuf, in lieu of the 1,200 tons
obtainable from the wool consumed there, only
150 tons per annum are aetually recovered ; the
total production of suint potashes in France,
Belgium, and Germany probably does not exceed
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2,000 tons per annum. Tliis is ail the more to
be regretted as the potash contained in suint in
the ordinary course of washing raw wool in a
running stream does not return to the soil, but
merely contributes to the pollution of water-
courses. But the difficulty in the way of general-
ising the recovery process is this, that it does
not pay on the small scale, and that neither
produeers nor consumers of wool in the majority
of cases will relegate the eare of scouring their
wool to a central manufactory, where it is doubt-
ful whether the différent parcels can be kept
entirely distinct. It is thus preferred by most
wool-growers to wash their own wool, and, if
possible, to bring the washings âgain upon their
meadows.

The process for working the wool for suint
potash is as follows. Instead of washing the
raw wool first in a running stream, and after-
wards scouring it with soap, soda, or putrefied
urine, the wool is, before the proper scouring
process, submitted to a methodical lixiviation
with cold water, either in a sériés of casks or
tanks, or in mechanically-acting washers, for
instance that constructed by H. Fischer (D. J.
218, 484 ; 229, 446). The dilute washings are
always utilised for the first treatment of a fresh

SALTS OF.

quantity of wool. Thus a brown liquor of about
sp.gr. 1T2 is obtained, which is evaporated in iron
pans of very différent constructions where the
fuel can be efficiently utilised—for instance, in
the reverberatory furnace of Werotte, in which
the flame is drawn through the liquid itself by
means of an exhauster ; or by means of dises
fixed on a shaft revolving in the boiling-down
pan. Thus a pasty mass is obtained, which is
either calcined in an open furnace or submitted
to destructive distillation in gas retorts, in order
to recover ammonia and illuminating gas. The
carbonaceous residue is lixiviated and the liquor
is treated similarlyto that obtained from vinasse
cinder, producing, by fractional evaporation and
crystallisation, successive crops of potassium
sulphate and chloride. But as suint contains
but little soda (in the case of inland-fed sheep
only 2-3 Na20 to 100 ICO, with sheep fed on
the sea coast 13 Na20 to 100 K20), the crystal¬
lisation of the double carbonate of potassium
and sodium does not take place, the liquor
being directly brought to dryness and cal¬
cined.

Suint potash, if unadulterated, in fact con¬
tains but little soda, as can be seen from the
following analyses : —

From Yerviers First quality
Second
quality

Tissandier "Werotte Tatlock

K..CO,, .

Na2C03
k„so4 .

KCl
K.,Si03 .

Insoluble
Water .

71-52
4-96
2-48
5-88

11-98
2-83

79-01
5-15
3-03
6-12

5-28
1-20

72-25
5-14
3-33
7-04

11-19
1-05

68-50
3-20
2-10

12-50
8-50
1-48
2-77

64-30
3-10
2-49

16-88
8-00
1-55
2-80

91-20
4-39
0-52
1-97

0-04
1-60

89-41
3-83
0-17
1-67

0-06
4-70

80-57
2-48
4-75
4-51

0-30
7-25

a b c

31-16 75-01 71-40
17-44 0-62)

• 1-50
0-50 0-71
2-00 4-12 5-32
3-93 5-68 6-74
3-15 3-07 4-55
1-22 1-30 4-72

40-60 9-49 5-77

The following analyses, by W. Graff, give the
composition of wool potash, made in Germany- •

viz. (a) by the simple steeping process, (6) and (c)
by methodical lixiviation :—

K„COs
Kj3iOs
ICHPO,
K„S04
KCl .

Na„C03
HÂ) .

Insoluble

Potassium hydrate (Caustic potash). The
majority of soap-makers prefer causticising their
own carbonate of potash, as they mostly do not
require to do this thoroughly. Still the manu¬
facture of caustic potash in the solid state is
carried on to some extent on the large scale,
with black-ash made by the Leblanc process
from potassium sulphate, preeisely in the same
manner as caustic soda is made, so that we
can refer to that article. In this place we
need only give the analyses (by Tatlock) of some
samples of caustic potash made on the large
scale :—

White Brotvn or cream

Potassium hydrate . 77-64 75-64 74-05
Potassium carbonate 4-62 2-54 3-14
Potassium sulphate . 0-38 0-21 0-60
Potassium chloride . 2-29 0-93 2-23
Potassium nitrite 0-87 — —

Sodium hydrate 4-67 2-59 3-20
Soluble silica and alumina. 0-30 0-20 0-55
Insoluble matter 0-02 0-22 0-69
Water .... 8-84 17-80 15-8»

Available potash, K„0 68-33 65-24 04-31
Available alkali, calcu-1

lated as K.0 . . J
73-83 68-28 68-08

Potassium silicate. Potassium silicate, or
soluble potash glass, has approximately the
formula K20,4Si02. It is prepared exactly liie
the more common soluble soda glass, by fluxing
together whitesand and carbonateofpotash inare-
verberatory furnace, preferably with a little char-
coal, which aids in expelling the carbon dioxide
by reducing it to monoxide. The following pro¬
portions are stated by N. Fuehs to be suitable :
white quartz sand 45 parts, commercial potasbes
30 parts, wood.charcoal 3 parts, to be fused for

IRIS - LILLIAD - Université Lille 1



POTASSIUM. SALTS OF. 291

five or six hours till 110 more gas eseapes ; the
product is 58 parts of silicate. 0. Schiir preseribes :
90 san'd, 62-5 potash, 1-5 eharcoal ; product
112-5 to 115 soluble glass. Some manufacturera
employ sulphate in lieu of carbonate of potash,
together with a larger proportion of charcoal,
but this process is much more difficult than with
carbonate. Solid potassium silicate is a trans¬
parent glass, tinged a bluish green, which is
either sold as such, or in the state of a thick
solution, produced by boiling it with water for a
longtime, preferably under pressure. Frequently
(first by Fuchs) a mixed silicate of soda and

potash is produced, either by using a mixture of
potash and soda in the fiuxing process, or by
mixing the solutions.

Silicate of potash can be obtained also by
dissolving very finely-divided silica (in the shape
of ignited and ground flints, or of kieselguhr, or
Farnham stone) in a very strong solution of
caustio potash, by prolonged boiling, or in a
shorter time by boiling under pressure. This
process is aetually used for the manufacture of
silicate of soda.

The following analyses, by Tatloek, show the
composition of commercial silicate of potash :—

—

Solid Liquid

a b c d e

Potash (as silicate) .... 23-54 22-91 9-46 4-31 3-49
Soda (ditto) 1-28 1-28 1-52 4-20 1-80
Siliea 65-60 66-84 23'28 24-32 16-64
Potassium sulphate 0-87 1-08 0-67 0-61 1-48
Potassium chloride .... 0-48 0-48 0-41 0-67 3-52
Alumina and ferrie oxide. 0-40 0-32 —

. — —

Water 7-83 7-09 64-66 65-89 73-07

The total quantity of potassium silicate manu¬
facturée! is but small in comparison with that
of sodium silicate ; for mixing with soap it can
benearlyalways replaced by the cheaper sodium
silicate. It is, however, used in fresco painting,
and for a few other purposes.

Potassium nitrate (Saltpetre, nitre). Potas¬
sium nitrate KNOj is first mentioned by Geber,
ia the eighth century, and again by the alchem-
ists of the thirteenth century. Agricola in
1546 gives a description of its manufacture from
saltpetre earth, which does not materially differ
from the présent process. The artificial pré¬
paration of this substance from Chilian nitrate
if soda is quite a recent process, due in the first
instance to the greatly-increased demand pro¬
duced by the Crimean war, but this manufacture
bas gained very large dimensions, and is now
auch more important than the working of
natural saltpetre earths.

I. Manufacture of saltpetre from natural
lolfpetre earths.—Such earths are found prin-
cipally in East India, where the district of
Tirhût, in Bengal, is the most important
one in this respect, and whence nearly ail
the natural saltpetre still manufactured is de-
rifed. Smaller deposits are found in Egypt,
Persia, Hungary, Apulia, Kentucky, &c., none
of which are of more than local importance
now.

The raw material occurs only occasionally in
real strata or nests ; it is mostly a product, con-
tinuallyre-formedbythe action of atmospheric air
iponnitrogenous organicmatterinthepresence of
bases, as lime, magnesia, and potash (for which,
inPeru, near the sea-coast, soda is substituted).
The organic nitrogen is not simply oxidised by
atmospheric oxygen ; the process of ' nitrifica-
tion ' never takes place except in the presence of
certain microbes, as first proved by Sehlôsing
andMimtz(C. B. 84, 602; 85, 1018; 86, 892),
and confirmed by many subséquent observera
(ffarrington, Storer, P. F. and G. C. Frankland,
Winogradsky, and others).

Whether the formation of ammonia is an in¬
dispensable intermediate link remains an open
question. The nitrification process is, of course,
much more intense in hot countries, where it is
promoted by the abundance of organic matter,
and by the moist and warm atmosphère. It is
always dépendent upon a snpply of nitrogenous
organic substances, and has nothing to do with
the direct formation of nitric aeid from atmo¬

spheric oxygen and nitrogen by the electric dis¬
charge. Saltpetre earth is, consequently, chiefly
found in the neighbourhood of villages, where
urine, &c., yields an abundant supply of organic
nitrogen. In Bengal it is collected by a spécial
caste, the ' Sorawallahs,' partly from the soil,
partly from the surface of mud heàps, mud
cottages, <&c., by scraping off the uppermost layers
which show a white efllorescence.

The following analyses show the composition
of some Indian saltpetre earths :—

Tirhût Tirhût Ceylon
(Stevenson) (J. Davy) (J. Davy)

Potassium nitrate . 0-7 8-3 2-4
Calcium nitrate . . 0-9 3-7 —

Magnésium nitrate .
— — 0-7

Sodium sulphate 2-7 — —

Sodium choride . . 1-4 0-2 —

Calcium sulphate .
— 0-8 —

Magnésium sulphate — — 0-2
Calcium carbonate . 44-3 350 26-5
Insoluble in acids . 50-0 40-0 60-8
Water and organic 1 12-0 9-4substances . . /

Ganges mud, aceording to Warneford Lock,
contains 8-3 p.c. potassium nitrate, and 3-7 p.c.
calcium nitrate. This earth is lixiviated in
earthenware dishes, or wooden boxes, or in
pits dug in the ground and ruade tight by a clay
puddle. The liquor is concentrated in iron pots,
or sometimes only by solar beat, and a crop of
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very erude saltpetre is thus obtained. The
mother-liquor is further evaporated to obtain
common sait, and the last mother-liquor, which
contains a large quantity of calcium and mag¬
nésium nitrate, is mostly run to waste. Some-
times a somewhat more rational process is pur-
sued, by mixing wood-ashes with the saltpetre
earth previous to lixiviation, or adding such ash
to the solution during concentration ; the potas-

SALTS OF.

sium carbonate of the wood-ash then converts
the earthy nitrates into potassium nitrate. The
crude saltpetre, obtained from the clarified liquor
by slow evaporation in earthenware pots, is
called ' dhouah ; ' it contains from 45 to 70 p.c.
KN03, and is re-crystallised by native merchants,
who sell it in this state as ' kalmee.' The fol-
lowing analyses, by Tatlock, show the composi¬
tion of some samples of Indian saltpetre :—

—
Bengal ordinary

1
Commercial

2
Bombay

1
Crude

2

Potassium nitrate . 96-51 89-36 72-46 36-06
Potassium sulphate 0-89 0-75 0-13 2-64
Potassium ehloride 0-84 4-57 6-65 —

Sodium nitrate — — — 0-26
Sodium ehloride . 0-20

'

0-31 17-41 47-43
Calcium sulphate .

— — 0-19 2-21
Magnésium nitrate . ,

— 1-97 0-17 2-08
Insoluble . 0-21 0-14 0-14 1-55
Water . . . . 1-35 2-90 2-85 7-95

A sample of the ' refuse sait,' left behind on
recrystallising the first crop of crude saltpetre,
contained 8-83 K.,S04, 13-15 KN03, 21-14 KOI.

The exportation of saltpetre from East India
is about 25,000 tons per annum.

Aceording to Ljubawin (Fischer's Jahresb.
1885, p. 262), there is a large deposit of saltpetre
earth in the Khanat of Khiva, south-west of
Fort Nukus, of the following composition:—

Soluble in water . . 27-89 p.c.
Soluble in hydrochoric acid 17-14 „

Carbon dioxide . . . 5-73 „

Insoluble in acids . . 48-42 „

99-18 „

The portion soluble in water contains :—
KN03 . . 5-52 p.c. CaS04 . . 3-25 p.c.
NaN03 . . 4-05 „ MgS04 . . 0-66 „

Mg(N03)2 . 1-04 „ Total nitrates 10-61 „

NaCl . . 12-90 „

Saltpetre earths are found, and are worked
by proeesses quite similar to those used in
India, in some places in Persia, Egypt, Spain,
Hungary (near Debreczin) and elsewhere.

An artificial saltpetre eartli is, or formerly
was, prepared in some European countries
(Hungary, Switzerland, Sweden) by mixing a
porous soil containing much calcium carbonate,
with deeaying animal substances ; for instance,
by preparing such a soil underneath the floor of
stables where cattle and sheep are kept, whose
urine pénétrâtes into the soil, and there under-
goes the nitrification process. In Sweden, where
formerly every landowner was obliged to furnish
to Government a certain quantity of home-made
saltpetre, ail sorts of animal refuse was used up
in this manner, in spécial' saltpetre plantations.'
About 100 tons per annum were madein Sweden
in this way, but this process has been given up
as unprofitable. In France, during the wars of
the Bevolution, when Indian saltpetre was in¬
accessible, that process was made compulsory by
a decree of the Convention, and it is asserted
that 2,000 tons per annum were then made in
this way ; but there also the home manufacture
had to be given up as soon as saltpetre could be

imported from the East. Since the manufacture
of saltpetre from nitrate of soda is making a
severe compétition even to Indian saltpetre, it
seems quite hopeless to look for that substance
to European sources ; here the nitrogenous sub¬
stances are better utilised for agricultural
pm-poses.

Another kind of crude saltpetre, made from
the mother-liquors of the working of ' caliche '
for nitrate of soda, is sometimes sent to Europe
from South America. It contains from 16 to 26
p.c. of potassium nitrate, 51 to 77 p.c. of sodium
nitrate, 1 to 3 (exceptionally 16) p.c. of sodium
ehloride, and small quantifies of sulpliates and
iodates. Its value is hardly greater tlian that
of its équivalent of ordinary commercial nitrate
of soda.

Aceording to Sacc (C. B. vol. 99, p. 84), in
Bolivia, near the village of Arané, East of Cocha-
bamba, a large deposit has been found of the
following average composition : 60-7 potassium
nitrate, 30'7 borax, traces of common sait, and
water, 8-6 organie matter. If this were con-
firmed, it would be very valuable indeed.

Refining of saltpetre.—The East Indian salt¬
petre, before it can be used for the manufacture
of gunpowder and other purposes, must be puri-
fied, especially from chlorides. This is done on
a very large scale in England, France, and Ger-
many (especially atHamburg). The most usual
is the French method. In an iron or copper
pan 1,050 kilos, saltpetre is dissolvedin 600 litres
of water at a gentle heat -, the solution is brought
to boiling heat, and another 1,800 kilos, of salt¬
petre is dissolved in it. When employing these
proportions with saltpetre containing about 20
p.c. of chlorides, the nitrate is dissolved corn-
pletely, the chlorides but partially. The latter.
are fished out with a perforated ladle. If cal¬
cium or magnésium salts are présent, potassium
carbonate is added till a fairly alkaline reaction
has been produeed. The hot clear liquor is
diluted with 300 litres of water, a solution of 1
kilo, glue in 20 litres of hot water is stirred into it,
and the whole brought to boiling again. The glue
combines with the organie substances présent to a
kind of scum, which rises to the surface and is
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carefully removed. When no more seum rises
to the surface, the liquor is allowed to settle for
tranty-four hours, preventing any eooling down
below 90°C., and the clear portion is run into
flat copper coolers. As soon as the crystallisa-
tionbegins, the liquid is constantly stirred, either
by hand or better by machinery. Thus the
potassium nitrate separates as minute, floury,
crystals, which do not, like large crystals, in¬
close mother-liquor in hollow spaces. The
crystal flour is drained ; the mother-liquor
(500 to 600 kilos.) is used over again in dissolv-
ing fresh saltpetre.

The small crystals must now be washed to
remove ail adhering mother-liquor. This is done
in vessels provided with a perforated false
bottom, covered with linen. When ail liquor
bas drained off, the bottom tap is closed, cold
vrater is sprinkled upon the sait by means of a
rose, the whole is allowed to stand for some
hours, and only then the liquor is run off. This
is repeated several times, until the liquor shows
nest to no réaction upon chloride. The last
liquors are used in a new opération for the first
washings. In this way the chlorides may be
brought down to O'OOô p.c.

The drained crystal flour is dried in
stoves or frames covered with canvas, or better
on steam-heated pans, with mechanical stir-
ring (just as they have been described for
potassium chloride, p. 274), and is mostly sold
in this shape. Sometimes it is required in the
shape of large crystals, which are very easily ob-
tained by dissolving the flour in a small quantity
of hot water and allowing the liquor to cool
quietly and slowly.^ Exceptionally, it is fused
into cakes or drops, which always contain a
little nitrite (the ' sal prunellœ ' or ' nitrum
tabulatum ' of pharmaceutical chemists).

II. Manufacture of potassium nitrate from
nitrate of soda.—' Artificial saltpetre ' was first
made on a small scale by Longchamps and
Anthon,\vith the aid of Chilian nitrate of soda and
of potassium chloride, which, however, at that time
was only obtainable from kelp, and was too ex¬
pensive. When, in conséquence of the increased
dernand for saltpetre during the Crimean war,
especially in Bussia, the manufacture of that sub¬
stance from Chilian nitrate of soda became more

remunerative, it was first carried out, in 1853, by
Nôllner, Griineberg, and others, with the aid of
caustic potash and of Bussian carbonate of pot-
ash ; later on, more eheaply, with that of vinasse
cinder (' schlempekohle,' cf. p. 287), which was
used directly, without any séparation of the
salts. For this purpose nitrate of soda and a
corresponding quantity of vinasse cinder were
dissolved at the same time in boiling water ; by
the reaction ICC03 + 2NaN03 = 2KN03 + Na,C03
anhydrous sodium carbonate was produced,
which was fished out of the boiling liquid, to-
gether with the sodium carbonate originally
présent, and with the less soluble potassium
salts, while the potassium nitrate remained dis¬
solved at boiling beat and only crystallised out
on eooling. The mother-liquor yields a mixture
of about 53 parts NaCl, 31 Na.,C03, and 10 K2S04,
which is used by soap-makers (cf. D. P. J.
118, 200 ; 155, 418 ; 163, 314 ; 166, 75 ; C. C.
1872,491). This process has been given up long
ago, principally because the séparation of the

salts is too difficult and the value of potassium
carbonate is too great.

The séparation of the substances is easier
when caustic potasli is employed, in whieh case
the reaction produces potassium nitrate ancl
caustic soda ; the mixture can then be allowed
to cool. The potassium nitrate is ail but eom-
pletely separated as fine crystals, and sodium
hydrate, with some impurities, remains in solu¬
tion. By further coneentrating this, solid caustic
soda can be obtained. This process was carried
out by Nôllner, Landmann, and Sehnitzer
(D. P. J. 117, 68; 162, 132) in this way,
that to the boiling mixture of potassium carbon¬
ate and sodium nitrate lime was added till the
alkali was causticised, whereupon the liquid
was separated from the lime-mud, concentrated
by evaporation, and allowed to crystallise.
Much more rational than this was the process
carried out at St. Helen's in 1864 (D. P. J.
182,385), decomposingpotassium chloridebysul-
phuric acid, converting the potassium sulphate
by Leblanc's process into a kind of black-ash,
dissolving and causticising the caustic solution
to sp.gr. 1-50, adding an équivalent quantity of
nitrate of soda, and allowing the potassium
nitrate to crystallise by eooling. The mother-
liquor was further concentrated, during which
opération some salts were separated and fished
out, and on eooling yielded a second crop of
potassium nitrate ; the second mother-liquor was
worked up as caustic soda. This process does
not seem to be worked now.

The process of Bolley (W. J. 1860, 201 ;
1866, 227), converting nitrate of soda by
means of barium chloride into barium nitrate,
and converting this by potassium sulphate into
barium sulphate (' permanent white ') and po¬
tassium sulphate, is evidently not fit for général
use, and eau only pay in very exceptional cir-
cumstances.

The only process now in practical use is that
of employing potassium chloride, originally pro-
posed by Longchamps, and worked out by
Anthon (since 1840, but more especially in 1858,
D. P. J. 149, 39), in the shape in whieh it is
now carried out. It has been described in détail
by Lunge (ibid. 182, 385) and Pick (ibid. 215,
222), and is carried out in several modifications,
the best of which will now be described.

Stassfurfc ' muriate of potash,' with not below
80 p.c. KC1, and commercial nitrate of soda
(95 p.c.), are brought together with mother-
liquors from a previous opération and with the
liquid obtained by washing the nitre bags. The
opération is performed in covered wrought-iron
cylinders, 8 feet diameter and 6£ feet high, pro¬
vided with a mechanical stirrer, a steam coil,
and a tap for an open jet of steam ; also with
a 6-inch pipe in the cover, through which the
steam given off in the cylinder is passed under
the double bottom of the mother-liquor tank.
The liquor is first concentrated by means of the
steam coil to sp.gr. 1-53, adding a little oil in
case of frothing, whereupon the materials are
charged through the man-hole, first 3 or 3j tons
of nitrate of soda, then the corresponding quan¬
tity of potassium chloride, which is so calculated
that a very slight excess of nitrate is présent.
The whole is boiled for half-an-hour to complété
the décomposition, and is then run through a
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4-incli tap on to the filter or strainer, con-
sisting of a tank 8 by 8 by 5 feet, with a canvas-
oovered faise bottom at a height of 4 inclies above
the true bottom, and a steam-pipe between the
two for keeping the liquor hot. Here the sodium
chloride formed in the reaction NaN03 + KCl
= KN034NaCl, which, owing to its relatively
slight soluhility in the hot concentrated solution,
had been almost entirely preoipitated in the solid
form, is retained on the filter, while a liquor of
sp.gr. 1-63 and a température of 95°C. runs off into
the coolers. The eommon sait left.on the filter is
covered with hot mother-liquor, which is l'un off
at a strength of 1"50 to 1-53, also into the coolers.
The washing is then continued with liquors of
decreasing strength, ultimately with pure water,
till the sait contains only 0-6 to 0-9 p.c. of
nitrate ; at some works they gô down to 0'25 p.c.
The coolers are shallow iron vessels provided
with either oscillating or revolving agitators,
which can be lifted out of the liquid. The liquor
is kept in agitation during the whole time of
cooling, which, with a depth of 8 inches in the
vessels, onght to be finished in thirty to thirty-six
hours. Sometimes this is hastened by a stream
of water circulating on the outside of the vessel.

The mother-liquor, of sp.gr. 1-345-1-357, is
run off into tanks provided with a double bottom,
where it is heated by waste steam in order to
be used over again at the first opération. Such
niother-liquors are composed as follows. 100
parts by volume contain :

a i c

Potassium nitrate . 29-40 25-5 26-4
Sodium chloride 25-72 14-2 17-18
Sodium sulphate 1-32 1-06 1-81

Magnésium chloride 2-10 6-2 8-19
Sodium nitrate — 19-6 7-19
Sodium iodicle —

'

— 0-76

(a, sp.gr. 1-348 at 19°C. ; 6, sp.gr. 1-395 at
17'5°C. ; c, remaining after working up 5,000
tons of Chilian nitre).

The crude saltpetre flour, eontaining 7-9 p.c.
NaCl, and 0-5-0-7 p.c. MgCl2, is drained on one
side of the cooler, and is washed with the liquor
resulting from the washing of the refined salt¬
petre, with the use of the agitating gear, till the
chloride has corne down to 0-8-2 p.c. It is then
refined by dissolving it in washings of the pure
sait to sp.gr. 1-53-1-55, filtering as above, and
running it into iron coolers ; in doing this, a
very small quantity of ultramarine is added, to
neutralise the discolouration produced by a small
quantity of iron. Here a mother-liquor of the
following composition is produced :

a i
Potassium nitrate . 20-91 23-4
Sodium nitrate . . 1-02 —

Sodium chloride . 5-94 4-4
Sodium sulphate . 0-12 —

Magnésium chloride . . 0-78 1-1

(a, sp.gr. 1-184 at 17°C. ; b, sp.gr. 1-180 at
18-5°).

Tlie crystals produced at the same time still
contain 0-25 to 0-75 p.c. NaCl, and must be
purified by washing them with water in copper-
lined iron vessels, in the manner deseribed above
for potassium chloride (p. 273) ; this produces
a liquor of sp.gr. 1-075-1-083. The washed sait
is drained, and is dried upon shallow, circulai-

cast-iron pans, heated by means of steam
channels in their interior ; a revolving shaft
moves the sait about by means of scrapers forced
down by springs, and a conical roller at the same
time crushes any lumps formed in drying (c/.
Potassium chloride, p. 274). Each such pan dries
nearly 4 tons of nitrate in twenty-four hours.
Unavoidably, some crusts are formed at the
bottom, which must he knocked off once a day.
The dried saltpetre need only be passed through
a sieve to be ready for packing into easks.

It is asserted that, when German muriate of
potash is employed, traces of magnésium chloride
may remain in the saltpetre and render it déli¬
quescent ; this is to be eounteracted by adding
as much soda-ash as will throw down the mag-
nesia. Muriate of potash made from kelp con¬
tains no magnésium chloride, but from 6 to 8 p.c.
of sulphate, which does not décomposé with
nitrate as easily as the chloride. In Germany
the above-mentioned drawback' has never been
found ; nor can it be conceived that a mode of
manufacture which actually brings down the
total chloride to 0-01 p.c. should leave anything
whatever of the extremely soluble magnésium
chloride in the saltpetre.

The ' saltpetre sait '—that is, the impure
sodium chloride formed in this manufacture—
contains about 98 p.c. of NaCl in the dry state,
with 0-25 to 0-9 KNOs and slight quantifies of
other matters. The nitrate makes it unfit for
decomposing with sulphuric acid on account of
the strong action on the iron pans ; it is used for
agricultural purposes, and for roasting the cin-
ders from cupreous pyrites in the process of
copper-extracting by the wet method.

In the United Kingdom annually about
32,000 tons of pure nitrate of potash are manu-
factured, partly from ahout 12,000 tons of im-
ported Indian saltpetre, the remainder by means
of nitrate of soda. About 30,000 tons are used
in the manufacture of gunpowder and other ex¬
plosives ; the remainder is used for pyrotechnies,
for lucifer matches, for curing meat, as a flux in
metallurgieal assays, for some descriptions of
fire-extinguishers, in medicine, &c. Very large
quantities of nitrate of potash are also made in
that way in Germany, Austria, France, &c.

Potassium arsenate KH„As04 (Macquer's
sait) is manufactured by fusing together equal
parts of potassium nitrate and white arsenic
(arsenious anhydride), dissolving the mass in
water, and evaporating ; on cooling the liquor the
arsenate crystallises out in large, soluble, quad-
rate crystals, which do not deliquesce in the air.
This sait is used incalico-printingasasubstitute
for cow-dung.

Potassium bichromate. This sait, com-

mercially known as ' biehrome ' or ' bichromate
of potash,' is, strictly speaking, potassium pyro-
chromate, its formula being K2Cr2Or It is the
commercial product from which ail other chrome
compounds used in the arts are manufactured,
and it is itself always made from chrome iron
ore, ail other natural occurrences of chrome
being comparatively insignificant.

Chrome iron ore is altogether analogous to
magnetie iron ore, the ferrie oxide being replaced
by chromic oxide. Its typieal formula is tliere-
fore Cr2Fe04 ; but the Cr203 is always partially
replaced by ferrie oxide and alumina, the FeO
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ty magnesia. Manganèse protoxide and siliea
aie also frequently présent. Henee the propor¬
tion of ehromic oxide présent in the ore varies
between 30 and 65 p.e., that of ferrous oxide
between 20 and 36 p.e. The following analyses
by Clark show the composition of différent
{amples of chrome ore as shipped to the con¬
sumera :

— a & c d €

p.e. p.e. p.e. p.e. p.e.

Cr.Oj 57-00 52-60 46-02 40-40 34-40

A1.0j 14-00 13-19 14-90 25-09 19-09
FeO . 12-00 14-14 16-07 14-14 14-14
CaO . 0-67 trace trace 0-67 0-67
MgO. . 15-00 14-72 15-85 13-83 20-90
SiO, . . 1-00 4-80 7-25 6-00 10-80
H,0 .

— 0-70 0-20 — 0-30

Clouet (D. P. 3. 193, 33, 40) gives the fol¬
lowing as the average composition of the ore
from various localities :—■

Other
CraOa FeO con-

stituents

Ile-à-Vaches (crystals) . 51-54 48-6 —

Baltimore (lumps) 45-00 42-31 12-69
Wilmington (smalls) 45-50 42-78 11-72
Christiania (smalls) 40-00 37-77 22-23
Var, in France (lumps) . 37-00 34-79 28-21

Hungary (lumps) . 31-48 29-60 38-92

Jekaterinenburg, Ural . 49-49 23-27 27-24
Orenburg, Ural 53-00 24-92 22-08
Karahissar, Asia Minor . 53-00 24-02 22-08
Trondhjem, Norway 42-00 19-72 38-28

Styria .... 53-00 24-92 22-08

Wjatka, Bussia 58-00 18-18 23-82

Orsowa, Banate 48-72 18-33 32-95
India .... 47-50 35-70 16-80
California 42-20 23-84 33-96
Shetland Islands . 42-60 23-50 33-36
Australia 33-20 23-40 43-40

The manufacture of bichromate of potash
from chrome iron ore is always founded on the
fact that chrome oxide, even in combination
with FeO, &c., when ignited with an alkali in a
durent of air, forms a chromate of the alkali
présent, from which the more easily crystal-
lisable bichromate is afterwards obtained.
Formerly the oxidation of Cr203 to Cr03 was
promoted by employing potassium nitrate, but
this process has been given up long ago, because
atmospheric oxygen, under proper conditions,
suffices for the object. It is, however, not
advisable to simply heat the chrome ore with
potassium carbonate, because the reaction takes
place above the fusing-point of potassium car¬
bonate, and the fusion impedes the action of
oxygen upon the bulk of the mixture. Stro-
meyer first proposed the addition of lime to the
potassium carbonate, which prevents the mass
from fusing and keeps it in a porous state, so
that the oxidation can proceed right through.
Jacquelain went so far as to replace the potash
«ntirely by lime, but his process does not seem
to be practicable on a large seale. Tilghman,

Swindells, and other inventors have tried to
replace the carbonate of potash by chloride, &c.,
but their processes have not answered.

The following account of the manufacture of
bichromate of potash, as carried on in Great
Britain, was communicated to Dr. Hoffmann by
Mr. Bowland Atcherly (Bericht iiber die Wiener
Ausstellung von 1873, i. p. 725)

' The chrome ore, preferably Turkish or
Asiatic, which containshut little ferrie oxide and
silica with a comparatively large quantity of
chromic oxide, is first crushed by stamps, then
ground in horizontal mills and passed through
a sieve with 80 holes to the superficial inch.
The fine powder is carefully mixed, in cylinders
revolving round a diagonal axle, with potasli-
lime, prepared on the spot from burned Irish
limestone and a solution of potassium carbonate
in the proportion of 7 cwt. of lime to 2 cwt. 1 qr.
of K,C03. Care must be taken that the potas¬
sium carbonate employed is free from chloride,
as this would interfère with the subséquent
erystallisation of the bichromate. The lime¬
stone should contain but little combined silica,
and no sodium or magnésium. This potash-
lime, which, when properly prepared, has a
thoroughly dry appearance, is mixed with 4J cwt.
of the ground and sifted ore in the above-
deseribecl manner. This mixture forms the
weight of a charge for the roasting which now
follows. The furnace employed has a level
hearth, 9 feet long and 6 feet wide. The dis¬
tance between the roof and the furnace-bed is
2 feet 6 inches, and is gradually contracted to -
18 inches on passing into the outlet flues. The
dame is blown down upon the hearth by means
of jets of steam. The furnace-bed is provided
with two fire-clay doors, through which the
charge is introduced, and is spread in a layer of
about 2 inches depth over that half of the bed
which is nearest the -fire. The opération is
begun with heating up the furnace. The
draught should not be too strong, and the fire
should not crackle ; but care must be taken that
the mixture is exposed to an oxidising flame.
The température of roasting is a bright-red heat.
Every quarter of an hour the mass is turned
over with a plough-like instrument, and thus a
new surface is exposed to the action of the
flame. After two hours the man gradually moves
the mass on to the other half of the furnace-
bed, and into the space now vacant a new charge
is introduced. The mass is still turned over

every quarter of an hour. A properly-conducted
roasting opération should be finished in four
hours. The proportion of chromic oxide con-
verted into chromic aeid should not be less than
90 per cent, of the total amount présent in the
ore. The properly-roasted material has a
greenish-yellow eolour ; it is interspersed with
hard lumps, possessing a bright-yellow frac¬
ture, and consists of potassium and calcium
chromâtes, with free lime, potassium silicate,
and ferrie oxide. It is, when cool, crushed
to a coarse powder, and is charged into wooden
lixiviating vats.

' The mass is here treated with a hot solution
of potassium sulphate, which converts the cal¬
cium chromate previously formed into calcium
sulphate. The lixiviating vats are so disposed
that the solution of potassium sulphate, after
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having passed down one of the vats, flows on to
the surface of the next following one, so that
ultimately a saturated solution of potassium
ohromate is obtained. The calcium sulphate,
still suspended in that solution, is allowed to
settle down in deep vessels. The clear liquid is
now conveyed into the decomposing vats, which
are lined with lead. A sufficient quantity of
concentrated sulphuric acid, diluted with twice
its volume of water, is added to it and the mix¬
ture is allowed to cool. Since a solution of
chromate, saturated at 16°, contains nearly one
part of sait to two of water, whilst bichromate
requires ten parts of water for its solution, it
follows that on eonverting a saturated solution
of chromate into bichromate, and cooling, about
three-fourths of the bichromate must be pre-
cipitated. The precipitate is collected and re-
crystallised; the mother-liquor, which contains
potassium sulphate, is employed for the treat-
ment of the roasted mass as above. The bi¬
chromate crystallises best in deep iron vessels
from a solution of sp.gr. 1-120. Within the
liquor strings are suspended, and the tempéra¬
ture is kept at about 21°.'

It is évident that the roasting of the mixture
of chrome ore or potash-lime would be much
better carried out in a revolving or other me-
chanical furnace, where the continuous renewal
of surface, and their constant exposure to the
oxidising flame, would be much more thoroughly
effected than in ordinary hand-wrought fur-
naces.

The following modifications of the ordinary
proeess have hardly corne into practical use on
a large scale.

J. Booth (patent of 1853) first ignites the
chrome ore, finely mixed with coal, till the iron
has been reduced to the metallic state ; this is
extracted by sulphuric acid and recovered as
copperas, whilst the remaining porous chromic
oxide is treated in the usual manner.

F. 0. Ward (patent of 1864) adds to the
usual mixture some fluorspar, which is to cause
the reaction to take place more quickly and at a
lower température.

Tilghman recommended treating the chrome
ore with a mixture of potassium sulphate and
lime. Aceording to H. Schwarz (D. P. J. 198,
157), the potassium sulphate does not take any
part in the roasting proeess, but facilitâtes thelixi-
viation. Drummond and Donald (Eng. Pat. 2,594,
1877) mix 100 parts of chrome ore with 250 lime,
125 potassium sulphate (or 100 sodium sulphate),
and 40 sulphuric acid, and roast the mixture as
usual. Their idea is that the alkaline bisulphate
is to décomposé the chrome ore, but how can
bisulphate be formed in the presenee of lime ?

J. Pontius (Germ. Pat. 21,589) commences the
opération as usual, by roasting chrome ore with
potash and lime. The mass is lixiviated with
mother-liquor from previous opérations, eon-
taining a sufficient quantity of potassium car¬
bonate to convert ail the calcium chromate into

potassium chromate. The liquor is now treated
in closed iron vessels with carbonic acid under a

pressure of several atmosphères, whereby potas¬
sium bichromate and bicarbonate are formed :

2K2CrO, + 2C02 + H20 = K2Cr20, + 2KHCO,.
The bichromate, which is but slightly soluble,
is precipitated and is separated from the mother-

liquor, which serves for treating a fresh quantity
of roasted mass. Or else the latter is treated at
once with carbonic acid and hot water under
pressure, in closed iron vessels provided with
mechanical agitators. Hereby the neutral potas¬
sium chromate is converted into bichromate
and bicarbonate ; the calcium chromate ia
also converted into calcium bichromate, which
at once reacts with potassium carbonate and
forms potassium bichromate.

Formerly the manufacture of bichromate of
potash was principally confined to the United
Kingdom (especially Glasgow) ; the production
of other countries was not very large, lîecentlyit
has been very much extended, both in the United
Kingdom and abroad, chiefly in conséquence of the
great demand for the manufacture of alizarineand
other artificial colouring matters, but chromate
and bichromate of soda are now taking the place
of potassium bichromate in many cases. In
1868 the total production of bichromate was
estimated at about 3,000 tons per annum ; ten
years later-the United Kingdom alone produced
about 10,000 tons per annum, and several
thousands of tons are manufactured in Germany,
Bussia, North America, &c.

Potassium (and recently sodium) bichromate
is very extensively employed, both for the pré¬
paration of compounds containing chromium
and for its oxidising properties. A large sériés
of eolours, which are salts of chromic acid, is
made from it ; but there is also a sériés of coloras
(' lakes ') consisting of chromic oxide combined
with organic colouring matters, and both of
these faets cause a very extended application of
bichrome in dyeing cotton and wool, in tissue-
printing, and in the manufacture of chrome
eolours, serving as pigments. As an oxidising
agent, bichrome has a most varied application
for the manufacture of coal-tar eolours (princi¬
pally alizarine), for the bleaching of oils, i-c.
In certain photographie processes it is indis¬
pensable, gelatine mixed with potassium bi¬
chromate becoming insoluble by the action of
light. This property has been also utilised for
preparing insoluble glue. G. L.

POTATO OIL v. Fusel oïl.
POTATO STARCH v. Stabch.
POTTER'S CLAY v. Clay.
POTTERY AND PORCELAIN. The term

' pottery ' is a veryelastic one, being commonlyused
to indicate any article fashioned of clay (or of a
mixture of clays and other earthy substances)
and hardened by the application of lire. Used
in this sense the term includes, besides ail kinds
of crockeryware, such common articles as floor-
ing and roofing tiles, drain-pipes, bricks, and
fireclay crucibles. Nor is there any adéquate
reason why this comprehensiveness should be
curtailed, for though a vase of Sèvres china and
a common drain-pipe are widely différent when
finished, they come equally vvell within the
scope of our définition, and their production
dépends on the application of exactly similar
principles, the superior resuit attained in the
one case being mainly the resuit of superior
élaboration and care.

Potteryware of every kind is usually divided
into two great classes.

1. Simple or unglazed, such as flooring and
roofing tiles, bricks, terra-cotta, &o.

IRIS - LILLIAD - Université Lille 1



POTTERY AND PORCELAIN. 207

2. Composite or glazed, such as the ordinary
forius of poreelain, tableware, &c.

This distinction is largely an arbitrary one,
lor almost every kind of ware is capable not
only of existing in both forms, but of serving
some useful purpose in each of them. The
terms are, however, not without value, in so far
as they help us toward an easier conception of
the terms ' body ' or ' paste,' and ' enamel ' or
'glaze ' ; a ceramic paste being the stuff or sub¬
stance of which the article is first fashioned or

shaped, and the glaze or enamel a coating on
thia, resulting from the application of vitrifiable
substances to the body, either to render it im-
pervious to liquids, or to serve œsthetieally as a
means of décoration. A clear conception, then,
of the various ceramic pastes, of the processes by
which they are produeed, and of their relation-
ships to each other, forms the safest starting-
point from which to review the science of the
potter.

The foundation of every pottery paste, with¬
out exception, is one or other of the various
natural clays, for the bare possibility of a pot, as
we know it, results from the two propertieswhich
the clays alone, among natural substances, possess
in any marked degree—viz., the property of
being kneadable while moist into almost any
required shape (what we term plasticity), and
secondly the property of becoming dense, hard,
and durable when fired. While, however, the
possession of these properties renders the use of
some natural clay unavoidable, many other
qualifies are required of a good paste which can
onlybe secured by the addition of other materials,
natural or artificial. Thus, articles made from
a plastic clay alone are apt to crack in drying,
owing to the tenacity with which such clay
retains its ineluded water ; in firing they are apot
io soften a little, especially if the clay contains
much iron or lime, and so lose their shape ;
these defeets necessitate the admixture of sand,
ground flint, or other aplastic or hardening
material, so as to make the body opener or less
retentive of water, or to render it less liable to
soften in the firing from partial fusion. Again,
in some classes of potteryware, translueence is a
necessary quality of the fired paste, and this can
only be secured by due admixture of the clay
with certain fusible materials which, when sub-
mitted to tbe heat of the pottery oven, vitrify,
and enveloping the minute particles of clay
with which they are associated produce a semi-
transparent substance.

Ail the substances which are in général use
in the composition of ceramic pastes may be
divided into three classes according to their
function—

1. Plastic materials : ail the varieties of clay
and mari ;

2. Hardening or aplastic materials (Fr.,
dégraissantes) : flint, sand, quartz, ground
pitchers, &c. ;

3. Fusible materials : felspar, china stone,
bone ash, lime, gypsum, barytes, artificial
fritts, &e. ;
and the object of the potter is to select from
the materials at his disposai such of them as
will enable him to produce a body that will suit
lis conditions of firing and working. Thus it
happens that in nearly every country of Europe

in which pottery is manufacturée! on the large
scale, one form lias beeome to a certain estent
national, and the expressions French poreelain,
German stoneware, English earthenware, show
how local conditions liave to a certain extent

prescribed the manufacture.
The eurrent classification of pottery into

earthenware, stoneware, piorcelain, &c., is
thoroughly unscientific, for the distinctions on
which it is based, such as colour, hardness,
and transluceney, are mainly accidentai, and
may be due quite as much to the methods of
manufacture and the degree of heat at which
the ware is fired as to any inherent différence
in the pastes themselves. It is impossible in
the présent state of our knowledge to draw any
hard and fast line between the différent kinds
of pottery ; but, perhaps the following classifi¬
cation, designed to bring out the natural re-
lationships of the pastes, has as much to
recommend it as any :—

First class.— Pastes eontaining only plastic
materials, or a mixture of plastic and hardening
materials. It is impossible to separate this into
two classes, as the question whether any harden¬
ing material must be added dépends entirely on
the nature of the particular clay in question. In
this class the following forms would be ineluded :
bricks, tiles, common stoneware, and the common
red and brown ware of ail eountries. The fired
body is always opaque, moderately hard, and
generally strongly coloured red, grey, or buff.

Second class.—Pastes eontaining plastic,
hardening, and fusible materials. The pastes of
this class naturally présent a wide range of
qualities, varying according to the proportions
in which the three classes of materials enter
into their composition. The fired bodies are
hard, dense, generally opaque, and white or pale
in colour. Ail the better kinds of Englisli
earthenware, stoneware, granité, and mortar
bodies are ineluded in this class.

Thircl class.—Pastes eontaining plastic and
fusible materials only. Ail the finer kinds of
pottery—such as hard-paste poreelain, soft-paste
poreelain (both natural and artificial), parian,
jasper, &c.—belong to this class. The fired
bodies are very hard, durable, and translucent,
and, unless stained by the addition of colouring
oxides, are white or creamy in colour.

Préparation of the paste.—In the prépara¬
tion of ail pastes for the potter's use the first
object to be aimed at is perfect homogeneity,
and the more complex the paste the more im¬
portant does attention to this point beeome.
For pastes of the first class it is usually suffi-
cient to remove stones and other hard foreign
matter, and then to pass the clay through a
pug-mill or a mortar-mill to insure its being
sufficiently well mixed ; but for bodies belonging
to the second and third classes, where high finish
and mechanieal perfection of shape and surface
are required, it is essential that ail the materials
be redueed to a very fine state of subdivision in
order to bring about the intimate admixture of
the various constituents that is désirable. Tbe
processes for this purpose are much the same
with ail kinds of pastes, and it will only be
necessary to describe the methods used in pre-
paring the paste for English earthenware (in
many respects the most elaborate and compli-

IRIS - LILLIAD - Université Lille 1



298 POTTERY AJN'D POROELAIN.

cated of pastes), as the proeesses used in its
préparation are quite suitable, with slight modi¬
fications in détail, for the préparation of ail the
other pastes.

The substances used for this particular
paste, are : bail clay from Devon or Dorset,
china clay from Devon or Cornwall, china stone
from Cornwall, and boulder fiints from the sea
beaches of Newhaven, &c. The clays used vary
greatly in plasticity, and the proportions of
ground flint and stone with which they are
mixed will dépend largely on this quality of
the clay. The proportions used for a good
average cream-colour paste are : bail clay
50 p.c., china clay 10 p.c., flint 37 p.c.,
stone 3 p.c. The clays are beaten up to a pulp
with water, in a blunger or iron chest in which
a shaft carrying broad-bladed knives is rapidly
rotated. This liquid paste is known technically
as ' slip.' The flint and stone require to be
reduced to an impalpable powder, in order that
their particles may be uniformly diffused among
the particles of clay in the slip. The fiints are
first calcined, usually in speeially-constructed
kilns ; this calcination having rendered them
white and friable, the nodules are then broken
into coarse lumps in an ordinary stone-crushing
machine, and finally charged on to a pan similar
to the one shown in section in fig. 1.

^\\\\iï////////i
a

FIG. 1.—Grinding-PAN.
x. Ploor line. m. Pan sides. d. Pavement of chert.

«. Driving shaft, working in centre tub 6, and carrying
arms c which drive large blocks of chert over the face of
the pavement d.

The pan is built up from the floor, either
with iron sides, or with wooden staves strongly
hooped together. The bed or bottom (d, fig. 1)
is a pavement of chert stones, and from 8 to
16 inches thick, aceording to the size of the pan.
Over the face of this pavement large blocks of
chert, weighing sometimes as much as half a
ton each in the case of large pans, are driven
round and round by the arms (c) fixed on the
vertical shaft (a). The fragments of calcined
flint, or of other materialtobe ground, are charged
on to this pavement (d), a little water is run in,
and a grinding of longer or shorter duration,
aceording to the weight of the grinding stones,
suffices to reduce the materials to fine powder
in suspension in water. This form of pan is in
général use for the grinding of ail pottery
materials, such as flint, stone, felspar, glaze, &c.,
that are required in the state of powder. The
material of the pavement and of tlie runners is,

of course, ground away, and hence it is advisable
to have them of some substance whose introduc¬
tion into the paste, in small quantifies, will not
cause any serious disturbance of its properties.
The paving-stones are obtained from the Halkyn
Hills in Flintshire, from Bakewell in Derbyshire,
or sometimes blocks of granité from Skye are
used. The runners are obtained from the chert
in the mountain limestone near Bakewell, and
it is essential that they should be as free as
possible from bands of carbonate of lime. A
pan of this description, 12 feet in diameter, and
carrying a load of from 5 to 6 tons of chert
runners, should grind 1 ton of fiints in 12 hours.

Having thus obtained ail the materials in
a state of fine subdivision, and in suspension in
water, each material is run into a separate vat,
the cubic contents of which are known. The
sp.gr. of each of the slop liquids being ascer-
tained, the requisite proportions of each are run
altogether into a big vat or blending ark, and
thoroughly mixed together by means of agitators.
This method of slop-blending—at best a rough
volumetric one—though in most général use, is
far from being reliable, owing to the difficulty ol
accurately gauging the contents of the large arks
in use, and the difficulty of making the correct
allowance for any slight variations in the
densities of the slop materials used. For the
finest bodies it is now customary to weigh out
accurately the requisite proportions of drjr,
finely-ground material, and then to agitate the
whole mixing together with water, taking care
to wash out ail the mixing vessels afterwards.

When the materials have been mixed in this
way they are carefully sifted through fine brass
and silk sieves to remove ail coarse particles,
dirt, &e., and then finally magneted to remove
any particles of metallic iron or of magnétisable
iron compounds which may have corne in by
way of the bail clay or from the machinery used,
and which, if left in the paste, produce after firing
black specks of Fe304, a quite unsightly dis-
figurement in white bodies. In this countrythe
magneting is performed by running the slip
through a box or spout containing a number of
horseshoe magnets suspended in it so as to
almost touch the bottom ; a much better appa-
ratus is to be found figured and described on
pp. 515-16 of the volume on ' Porcelain ' forming
tome v. of Eremy's Encyclopédie Chimique.
The whole slip mixture, having been thus
cleansed, is in condition to be made into clay
for the potter. Two methods of doing this are
in widespread use. The older method is one
of evaporation, by which the prepared slip is
run on to shallow brickwork kilns to a depth
of from 6 to 8 inches, and then slowly dried
to the consistency of potter's clay by fires burnt
under the kilns. This process is now in use only
where small quautities are to be operated upon,
or where many différent pastes are made in
small quautities ; and the clay produced in this
way needs very careful beating together to render
it of one consistency throughout, while it is
liable to contain hard lumps of clay that
have been burnt from contact with the brick¬
work ; the process, too, is slow, and therefpre
quite inadéquate for the production of such large
quantifies of clay as are required in the great
potworks of this and other countries. The
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method now adopted in ail works where large
qnantities of clay are required is one of filtra-
tion under pressure. The slip is delivered,
bjforcepumpsworkingupto a pressure of about
76 Ibs. on the square inch, into strong canvas
bags supported between fluted wooden trays
strongly clamped together. The bags expand
a little until they fill the space between eaeh pair
of trays, and then, acting as a filter, the water is
driven through the pores of the cloth and a mass
of plastic clay is left behind. The tirue taken
ap in this opération dépends on the nature of
the paste ; pastes like those for poreelain,
granite-ware, &c., whieh contain only a small
proportion of plastic material, part with their
contained water readily ; but plastic pastes like
those used for the best varieties of earthenware,
and containing much ball-clay, retain their water
more obstinately, and take a longer time to
attain the right consistency. The clay or paste,
as it is delivered from the bags, is always harder
on the outside of the cake than on the inside,
and is then either thoroughly beaten together or
is put through a pug-mill to render it uniform in
consistency and free from air bubbles.

Some referenee must be made here to tbe
very obscure phenomena conneeted with what
isknown as tbe ' ageing ' of ceramic pastes. It
is an old and well-known fact that ail ceramic
pastes improve in plasticity, firmness, and work-
ing qualifies generally, if they are kept for a con¬
sidérable time after making, and are occasionally
watered, beaten, and tnrned over. These changes
hâve been attributed to a fermentation taking
place in the clay ; but the word ' fermentation '
appears to liave been very loosely applied here.
In most cases there is an undoubted évolution of

gas, generally of C02 and H„S; but this is
clearly accounted for by the slow oxidation, in
presence of air and moisture, of vegetable remains
(fine rootlets, &c.) and of the iron pyrites, which
are almost invariably contained in the natural
plastic clays. In ail probability the change is
mainly a pbysical one brought about by the
graduai settling of the mass, owing to the slow
eraporation of water and the conséquent shrink-
age of the wbole. That the change is largely of
this nature seems to be borne out by tb.e fact
that paste made from scraps and broken frag¬
ments of unfired clay vessels is alwaysmore plastic
thannewly-made clay ; in fact, at Sèvres and other
places vrbere pastes are used possessing but little
plasticity it is customary to throw a lump of the
clay into a round mass on the potter's wheel,
dry it somewhat, then shave it down into thin
shavings in tbe lathe, and re-make these into
clay again. By repeating this sériés of opéra¬
tions—a process which can, of course, only be
used for the manufacture of the most expensive
articles—it is found that the paste becomes
considerably more plastic and workable than
when freshly prepared.

The paste being ready, then, for the hands
of the potter, some considération must be be-
stowed on the method of fabricating the desired
articles from it, and these methods vary botli
with the shape and size of the article, and with
the nature of the clay. With round articles and
with a very plastic paste, the oldest of ail pottery
processes—that of ' throwing on the wheel '—is
adopted ; but with articles of oval or irregular !

shapes, or with pastes possessing but little plas¬
ticity, other methods bave to be adopted, and of
these the most important arepressing and easting.

Pressing is a term used to indicate two quite
distinctprocesses—first, plastic pressing, inwhich
the article is made from clay ; and, secondly, dry
pressing, in which the article is stamped out of
clay previously dried and reduced to fine powder.
In plastic pressing the clay is beaten out into
a thin cake or bat, which is then pressed by the
workman into moulds of plaster of Paris, baked
clay, sulphur, or métal, which are generally made
in sections so as to be readily taken to pieees.
When each portion of the mould has had a bat
of clay applied to it and rubbed down into ail its
lines and indentations, the portions are fitted
together, tightly strapped up, and then the seams
or joints are ail rubbed down so that the clay
forms one piece inside the mould. On standing,
the elay dries a little ; in drying it contracts
slightly, and thus releases itself from the mould ;
when the clay is snfficiently hard to bear hand-
ling, the mould is taken to pièces, the elay article
taken out, its seams and edges trimmed down
and sponged smooth, and the article is put to
dry in a hot-air stove preparatory to firing. The
enormous quantities of tiles now used in the
internai décoration of buildings are prepared by
the dry-pressing process. The paste, after a
careful préparation as detailed above, is taken
from the filter press, dried white dry in a steam-
shed, and then ground to powder in a disinte-
grator or between rollers. This dust is slightly
damped, so that if a handful of it be squeezed it
adhères loosely together. The damped dust is
then put into a métal mould, a die is pressed
strongly down upon it by means of a screw, and
the tile is thus literally stamped out of dust.
A tile thus made is possessed of sufficient adhé¬
sion to bear the handling necessary to lire it,
and when fired it becomes hard and sonorous,

though probably not so hard or so durable as a
tile made from clay by the old plastic process.

Casting—the third method in général use for
the fabrication of pottery articles—is the simplest
of ail methods, and is mostly used for those com¬
positions which do not produce a veryplasticpaste,
such as those required for the ordinary poreelain
and parian bodies. The mixed slip is not made
into paste or clay at ail ; but, after being got to
snch a density that a pint of the liquid mixture
weighs about 30 oz.,itis pouredinto moulds made
of plaster of Paris. The plaster being porous,
absorbs water from the slip, and a thin coating
of clay is thus formed ou the inside of the
mould. When this coating is of sufficient thick-
ness, the still liquid portion of the slip is poured
out, and the mould and its clay-cast are set to
drain. After ail superfluous liquid has drained
away, it is placed in a hot-air stove ; the clay-cast
shrinks away from the mould, and can then be
drawn out or the sections of the mould taken
away from it, smoothed off, thoroughly dried,
and it is then ready for the opération of firing.

Though applied with slight différences of
détail to suit différent pastes, and with the in¬
troduction of much machinery for the saving of
labour, these three methods of throwing, pressing,
and easting comprise inprinciple ail the methods
used in the fabrication of pottery. Détails

i of most of the proeesses in use, especially in
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French faetories, with drawings of plant, appli-
ances, &c., will be found in Brongniart's Traité
des Arts Céramiques, and in vol. 5 of Fremy's
Encyclopédie Chimique. There is no practical
English work on the subject.

The following table exhibits in percentages
the composition of the most important pastes in
général use :—

Sèvres porcelain (pâte dure) : kaolin 48, fel-
spathic sand 48, chalk 4.

Berlin porcelain (pâte dure) : kaolin 75, fel-
spar 25.

Meissen porcelain (pâte dure) : kaolin 73,
felspar 25, ground porcelain pitchers 2.

Vienna porcelain (pâte dure) : kaolin 72,
felspar 12, quartz 12, gypsum 4.

English bone china (pâte tendre naturelle) :
kaolin 27, china stone 27, bone ash 46.

English cream-colour earthenware : bail clay
50, china clay 10, flint 35, stone 5.

English white earthenware : bail clay 25,
china clay 32, flint 34, stone 8, oxide of
cobalt -05.

English white tile body : bail clay 28, china
clay 28, flint 40, stone 4.

English granité ware : bail clay 25, china
clay 25, flint 40, stone 10, oxide of cobalt -08.

English terra-eotta : red mari 90, flint 5,
Cornisli stone 5.

English parian : china clay 36, felspar 64.
English mortar body: bail clay 25, china

clay 20, stone 55.
English evaporating pan clay : bail clay 25,

china clay 14, stone 46, flint 15.
English fine white stoneware : bail clay 25,

china clay 20, flint 10, stone 45, oxide of
cobalt -02.

English black clay : red mari 75, oxide of
manganèse (MnO„) 6, calcined clay iron-
stone 19.

French siliceous faïence: china clay 24,
chalk 24, flint or sand 48, fritt 4.

Fritt for above: sand 85, E,C03 7, NaHC03 3,
CaC03 5.

French tile body: bail clay 25, chalk 25,
sand 15, crushecl firebriek 35.

The percentages given above represent pastes
of good quality and in actual use ; but almost
every potter in this eountry has his own mixing,
arrived at in almost ail cases by rule-of-thumb
method, and good only so long as there is no
change in the quality of the materials or in the
processes. No attempt has ever been made to
arrive at the theoretically best composition for
any given paste, except in the case of. hard
porcelain, where the succession of distinguished
chemists inthelaboratory at Sèvres—Brongniart,
Malaguti, Salvetat,Ebelmann, <fcc.—have brought
their manufacture to a high pitch of perfection,
but without making the business a commercial
success.

Firing of the paste.—The firing of the ware
is one of the most important branches of the
potter's business, for the durability and économie
value of any kind of pottery largely dépends on
the way in which it has been fired. Each paste
requires a différent method of firing, or a différent
degree of heat, to yield the best results. It may
be safely stated, as a général rule, that bodies of
the first class do not require so much heat as
those of the second class, nor thoseof the second

so high a température as those of the third class.
A good clear red heat is quite suflicient, for in¬
stance, for the burning of ordinary bricks ; the
bodies of the second class, known as earthenware
and stoneware, require a clear white heat (60°—
70° of Wedgwood's pyrometer) ; while of the
bodies of the third class, English bone china
requires about 85°-110° Wedgwood, and hard
paste or true porcelain requires the higliest point
attainable in pottery ovens, a blue-white heat,
corresponding to about 150° Wedgwood, or a
little above the melting-point of grey cast iron.

Bricks, tiles, drainpipes, and other coarse
pottery are exposed direetly to the fiâmes, and
may, indeed, be burnt in heaps or clamps, though
the burning in ovens or kilns is now largely
superseding the old wasteful method of burning
in the open. For the finer bodies, however,
such as those of the second and third class given
above, direct contact with the tire, except when
the articles are to reeeive a sait glaze, is inad¬
missible, and such articles are therefore always
inclosed or carefully packed in fire-clay boxes
known as saggers (Fr., cazettes), and these are
piled one upon another, each pile of saggers being
called a ' bung,' in a large ehamber built of fire¬
briek, into which the fiâmes play, and which,
indeed, forms a kind of vertical, cylindrical, re-
verberatory furnace. The form of furnace used,
the methods of firing, and the sequence of opéra¬
tions are so différent in the case of hard paste
porcelain from that pursued with the other
bodies that they clemand a separate notice quite
apart from the général subject of firing.

Hard-paste porcelain is, without doubt, the
higliest form of pottery, but, owing to the lack
of a sufficiently refractory fire clay and to various
other causes, its manufacture has never attained
a permanent foothold in this eountry. In
various countries of the Continent it is, how¬
ever, largely manufactured, and in the table
given above will be found the composition of the
pastes used at the various impérial faetories.
From the composition of these pastes it will
readily be perceived that they can possess but
little plasticity, and the manufacture of large and
diflicult articles is a most laborious and costly
proeess. But the most distinctive feature of this
form of pottery is the thinness of its glaze, and
the perfect accordance that exists betweeu the
body and the glaze, so that they dilate and cou-
tract equally under variations of température,
and agree so well in composition that the glaze
is never subject to crazing, the incurable fault
of so much glazed ware of other classes. This
perfect agreement is due not only to the com¬
plété agreement in composition between the
body and the glaze, but also to the method in
which they are fired together, so that the glaze
actually interpénétrâtes the body to au appré¬
ciable depth, and becomes, as it were, one sub¬
stance with it.

When the articles have been made and dried
sufficiently they are first of ail submittedtoa
very low heat in a globe or ehamber (b, fig. 2)
placed over the oven proper, and heated by the
waste heat from it. By this opération, knownas
'feu dégourdi,' the articles are thoroughly dried.
and rendered just hard enough to take a coatof
glaze without breaking. The glaze consistssimply
of felspar, similar to that entering into the com-
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position of the paste, or of a mixture of felspar
and quartz (v. under Olazes) ground to fine
powder and held in suspension in water. The
uticle, after the dégourdi stage, is dipped in this,
or the glaze is peneilled on it, and, on drying,
i coating of fine glaze powder is left on the
article. The articles are then carefully placed
in saggers made of the most refraetory fireelay,
ind elaborate précautions are taken to support
them, so that they shall not touch each other or

the sides of the saggers in which they aje placed ;
they are also propped and supported from certain
points so as to diminish the risk of their going
ont of shape in the firing, owing to the partial
fusion of the body and glaze which takes place.
The saggers, witli the ware, are then placed in
the oven A (fig. 2) in piles or bungs until the
oren is conveniently filled. The doorway i> is
bricked up, and a fire is started in each of
the mouths c, of which there are from four to
eight or ten at equal distances round the oven.
In many cases two or more of such chambers,
with moutbs, &c., are built above each other,
ind the waste heat from the first one is con-

ducted through the others in such a way that
when the first oven is fired up the one above it
is about lialf fired, and so a much smaller
qnantity of fuel is needed in order to finish it
of. The form shown in fig. 2 is, however, the
most modem form in use in Limoges, the great
seat of the French pottery industry. The fuel
used in most places is wood, because it gives a
longer, clearer flame than eoal. In many of the
Continentalpotteries,however,coal is nowcoming
more largely into use, though the fumes from
the pyrites &c. contained in it, the volatile
alkaline vapours given off from some coal in
hurning, and the fine particles of ferruginous
ash carried over from it, are ail liable to bring
ibout defects in the porcelain if they penetrate
into the saggers through any cracks caused
during firing. (For the comparative value of
the différent fuels v. art. Fuel.) The firing is

allowed to go very slowly for about 12 or 20
hours, so as to expel the moisture gradually and
raise the température slowly to a red heat, be-
yond which ail danger of cracking from sudden
and unequal expansion ceases. The fires are
then gradually increased, and are maintained
for a period varying from 60 to 120 hours, ac-
cording to the size of the oven and the fuel used.
When fired sufïïciently, the mouths are closed
and the oven is allowed to cool very slowly.

Other bodies.—With ail other glazed bodies—
exeept those which are so vitrifiable as to need
no glaze, becoming of themselves impervious to
liquids, and those which are to be salt-glazed
(q.v.) — there are two distinct firings of the ware.
In the first, known as the biscuit firing, the clay
article is heated up very strongly, becoming harcï,
compact, and sonorous, and, though generally
porous, it is yet rendered sufïïciently durable to be
applicable to many useful purposes. To render
it impervious to liquids, or to serve various déco¬
rative purposes, the ware thusburnt, and known
as ' biscuit ' or ' bisque,' is dipped in glaze and
then re-fîred at a température sufïïciently high to
completely vitrify the glaze upon it. This second
fire is known as the ' glost ' fire, and is always
of less intensity than the ' biscuit ' fire.

Across one of the chimneys. Across one of the mouths.
Fig. 3.—Vertical Section of Minton's

Patent Oven.
a. Mouth. b. Bagorshortchimneyintooven. c. Peep-

hole. d. lfoles for drawing trials, e. Crown-hole, closed
during firing by damper /. g. Well-hole, communicating
with flues h, which open into chimneys x in the walls of
oven.

The ovens used for the biscuit-firing are
shown in figs. 3 and 4.

The form of oven shown in fig. 3 above,
and known as the down-draught oven, is a
modem improvement on the older form fig. 4.
Here there are no flues running from the mouths
under the floor of the oven, but ail the flame
plays into the oven by the short upright bags b.
The fiâmes go up the side of the oven to the
roof or orown ; but, as the damper / is kept

Fig. 2.—Oven for Hard-paste Porcelain.
a. Oven proper. b. Globe where the ware is hardened

before glazing. c. Mouth or fireplace. D. Door.
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closecT during the firing, the flame is reverberated
down through the central portions of the oven,
and the smoke and fumes are drawn out of the
oven through the well-hole g and the flues h,
which open into chimneys x inclosed in the
wall of the oven in the space between eaeh
pair of mouths. As the heat is more oonfined
and more evenly distributed in this form of
oven than in the old form shown in fig. 4
and described below, there is a larger yield of
well-fired ware from it, and the same quantity
of ware is fired with a smaller consumption of
coal. This form of oven is, however, more
costly to build, and unless the proportion of air
space in both mouths, chimneys, and oven is
carefully regulated, one portion of the oven may
be heated sufficiently while another part may
be relatively cold. The ovens used in this
country range in size from 12 to 18 feet in
internai diameter, and an oven of the latter size
will hold about 2,000 saggers, eaeh containing
from one to a score of pièces. An oven of this
size consumes about 10 to 12 tons .of coal in a

firing of from 60 to 80 hours. The points to
be mainly attended to are, firing very slowly at
the commencement so as to expel any water
remaining in the pièces very gently, or the ware
is apt to be violently ruptured, then gradually
raising the heat and keeping it regular and
equal in ail parts of the oven, and at no time
either suddenly increasing or checking it.

A. Bodyof oven. B. Hovel or hood. c. Mouths. D. Bag
or upright chimney. D'. Other bags. &. Peep-hole.
e. Bottom flues under floor of oven, running to well-hole x.
a. Trial holes.

Fig. 4 represents the old or up-draught form
of oven, in which the flame from the mouths
c c, of which there are from eight to ten arranged
at equal intervais round the oven, plays directly
into the body of the oven a by the short upright
chimneys or bags ra'itc. Besides these chimneys,
flues e e run from eaeh mouth to a well-hole x in
the centre of the oven floor ; over this well-hole
a bung of perforated saggers, known as the pipe
bung, is run up to the top of the oven or crown,

and a portion of the flame is thus drawn into
the centre of the oven. The ware is beddedin
sand or ground flint in the saggers, which are
then piled in the oven from floor to ceiling,
with spaces left between the piles of saggers
or hungs to admit the free play of the flame
among them. Holes are left at intervais ail
round the crown to permit the escape of the
fumes and smoke. The hovel or hood b is built
over the whole oven, to protect it from higk
winds and to create a good draught. The piles
of saggers being arranged in rings round the
central pipe bung, and the mass of flame playing
up the walls of the oven, it follows that tlie ware
in the centre of the oven always receives less
heat than that in the saggers nearer the oven
walls ; it is therefore necessary to arrange the
position of the pièces in the oven in such a way
that the thick heavy pièces shall get the most
fire, and the fiât or thin pièces least, as they are
most liable to become distorted if over-fired.

Various attempts have been made to improve
the methods of firing, or the style of oven in use,
but the only other oven that seems likely te
meet the requirements of the bodies produced
in this country is one patented recently by A. J.
Wilkinson of Burslem (v. Eng. pat. 4,356, March
20, 1890). This form of oven is a combination
of the two forms described above, for while there
are flues from eaeh mouth to a central well-hole
as in the older form of oven shown in fig. 4,
the flame, products of combustion, <fcc., instead
of passing directly out of the oven as in that
form, are drawn out by horizontal flues running
from the well-hole, between the firing flues, and
opening into vertical chimneys in the walls of
the oven between eaeh pair of bags, as in the
' Minton ' oven shown in fig. 3. Whether this
form of oven will be a practical and économie
suecess remains to be seen.

The question of gas-firing bas also received a
good deal of attention, especially in America,
France, and Germany. Ovens and kilns are said
to be at work in Trenton, N.J., and East Liver-
pool, Ohio, fired with natural gas. In France,
M. Dubreuil, of Limoges, claims to have success-
fully overcome the diffieulties of firing hard por-
celain with producer gases ; while, in Germany,
Messrs. Siemens and Hoffmann havebeen equally
successful at Berlin. Gas-fired regenerative
kilns are in use in this country for firing bricks
(v. Eng. pat. 3,862 of 1881, and Eng. pat. 17,573,
1890), but lit-tle progress bas been made in
applying the process to firing pottery.

Èffects produced on d paste by firing.—Vie
must noyv consider the changes produced in a
paste by the action of firing. The most obvious
effects are changes in colour, hardness, and den-
sity, an entire loss of plasticity, often an increased
porosity, and always a shrinkage in bulk, or con¬
traction.

Loss of water.—The first effect of firing is
the expulsion of ail the water left in the paste.
The paste before firing contains water in two
conditions—first, the mechanieally-held water
that has been used to render the paste sufficiently
plastic for use ; second, the water of combina¬
tion of the argillaceous constituents of the paste
(v. art. Clay). The contained water is readily
expelled at a température of about 110°C., but
the water of combination is not expelled in ail
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cases by prolongée! exposure to a température of
SKPC., and in the case of very plastic pastes a
fnll red heat is required to entirely expel the
eombined water. Expulsion of thecontainedwater
alone causes merely a slight shrinkage of the
paste, and consequently a slight altération in its
Iriisity, the plasticity remaining undestroyed up
10 that point ; but when once the point has been
iciched at which the water of combiuation is
cspelled the paste becomes hard and sonorous,
loses ail its plasticity, and will no more combine
filh water hosvever flnely it may be ground.

Hardness.—One of the most notable qualities
o! natural clays is their property of becoming
tard and durable when raised to a red heat ; but
in the case of ceramic pastes, containing other
nnterials besides plastic ones, the degree of
hardness acquired is of ten différent from that of a
natural clay heated to the same température. The
more fusible matter a paste contains the greater
11 its hardness at ail températures above that at
thich fusion begins, while bodies containing a
large excess of free silica, or an excess of lime,
un generally be scratched by a good knife, even
ofter a severe fire. As a général rule, the hardness
of the fired body agréés with its density, while
il almost invariably increases with an inereased
lemperature of firing. The following rough
classification shows how the différent pottery
Mes stand in this respect :

1. Scratched with a knife, readily. Almost
ail aneient pottery and majolica (body).

2. Scratched with a knife, but with difficulty.
Bodies of the first elass, of modem manufac¬
ture.

3. Not touched by a knife, but abraded by a
good file. Well-fired earthenware (biscuit).

4. Not scratchable by a steel tool. Bodies
of the third class, and some stoneware, and
moitar bodies.

Density.—The variations in density which
pottery pastes undergo in firing are by no means
well understood. With ordinary bodies there is
generally an increase in density, varying with
lté degree of fire ; but with some of the bodies
of the third class the increase in density appears
lobe very irregular. Thus with English bone
porcelain, and, according to Brongniart, in the
use of hard-paste porcelain too, although there
is a considérable shrinkage of the paste in firing,
pet not only does the body lose weight in firing,
lot it loses it at sueh a rate as to outstrip the
loss of size, and thus the density of the fired
body is less than that of the unfired paste.
English bone china, again, when over-fired, sud-
lenly suffers a great diminution in density,
attended by an expansion of the article.

Shrinkage.—The contraction which ail pastes
ondergo in firing dépends on two things, (a) the
nature of the paste, (b) the method of fabrication
ofthe article. Contraction due to the nature of the
paste either results from the expulsion of the
water contained in the paste, and this may cause
acontraction of from 10 to 15 p.c. in pastes with a
very large proportion of plastic constituents, or it
may resuit from the partial vitrification of the
fusible constituents of the paste ; thus Parian
body (}. v.) which contains a large proportion
of felspar, runs in as mueh as 20 p.e. from the
dry size in being fired up to translueence. The in¬
fluence of différent proportions of plastic, aplastie,

and fusible materials iu the paste is well shown
by the case of the three following bodies :—

No. 1.
Bail clay . 10 p.e.
China stone 7 p.c.
Flint . . . 80 p.c.
Lime

No. 2.

3 p.c.

Bail clay , . 25 p.c.
China clay . . . 10 p.c.
China stone . . 60 p.c.
Flint

No. 3.

5 p.c.

Bail clay . 60 p.c.
China clay . . 20 p.c.
China stone • . . 10 p.c.
Flint . 10 p.c.

The three bodies were fired to the same tem¬
pérature (80°Wedg.), being placed in the same
sagger, in the form of dry tiles pressed from
dust. No. 1 exliibited no contraction, No. 2 ran
in 25 p.c., and No. 3 ran in 20 p.e.

The contraction due to the loss of water is
merely a physical change, but that due to the
vitrification of the fusible materials may be in
part a chemical one, due to the formation of new
compounds. The eiïect of the two processes is
strongly marked in the case of hard porcelain,
which when submitted to the first or hardening
fire (feu dégourdi) shrinks about 3 p.c., and
this from loss of water, which is entirely expelled
by tbis firing ; but when this dehydrated ware is
raised to incandescence a further contraction,
amounting to nearly 7 p.c., takes place, and this
is mainly due to the fusion of some of the con¬
stituents of the paste.

The method by which any given article has
been fabricated also modifies the amount of con¬

traction ; the ware subjected to the greatest
pressure in making will contract the least in
firing, with any given paste. Thus, moulded or
pressed ware runs in less than thrown ware, and
this considerably less than cast ware, though ail
may be made from the same paste and fired to
the same température. Thrown ware always
has a tendency to form ridges or inequalities of
the surface, due to varying pressure of the hands
of the thrower in working up the bail of clay ;
thrown ware also exhibits a constant tendency
to untwist, so to speak, in the firing, and indeed
there is little doubt that every thrown piece when
fired does go back a little from the shape into
which it has been set by the manipulation of the
thrower.

Colour.—For the effect of fire on the colour of
ordinary ferruginous clays v. art. Claï, and see
also Appendix A, p. 276, of Catalogue of Pottery in
Jermyn Street Muséum. As almost ail natural
varieties of plastic clay contain traces of iron suffi-
cient in amount to produce at least a pale cream-
or ivory-coloured bôdy when fired, it is eustomary
in the production of very white earthenware to
add a small quantity of CoO, which by the pro¬
duction of a feebly-blue silicate of cobalt neu¬
tralises the eiïect of the yellow tone due to the
iron compounds ; 1 part of CoO is suffieient to
whiten about 2,000 parts of eream-colour paste.
Exeess of flint and china clay and addition of
lime or magnesia to the paste also whiten the
fired body to a marked degree (v. also art. Claï).
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For specially colouredpastes seefurtherin section I gives the percentage composition of some of tho
on colours in this article. The following table | more important pottery bodies after firing

— Silica
Alu¬
mina Lime Mag-

nesia Potash Ox. of
Iron

Sèvres hard paste porcelain, 1770-1830. 58-00 34-50 4-50 3-00 _

Yienna (Impérial) hard paste porcelain, )
1806 j

61-50 31-60 1-80 1-40 2-20 0-80

Berlin hard paste porcelain, 1808 . 66-60 28-00 0-30 0-60 3-40 0-70
Meissen hard paste porcelain (dé- \

gourdi), 1825 j
57-70 36-00 0-30 - 5-20 0-80

Meissen hard paste porcelain (baked), i
1825 j" 59-40 32-60 — — • 5-50 0-40

Chinese hard paste porcelain 70-50 20-70 0-50 0-L0 6-00 0-80

Bristol hard paste porcelain, 1775-80 . 62-92 33-16 1-28 2-64
English soft paste porcelain, 1847 . 39-88 21-48 10-06 — 2-14 —

„ „ „ „ 1889. 41-01 23-05 — — 2-46 0-10
English earthenware (cream colour), )

1889 j" 63-10 33-09 1-05 0-12 0-22 2-10

English earthenware (granité), 1889 . 70-90 27-25 1-00 — o-io 1-02
English stoneware (Lambeth) 74-00 22-04 0-60 0-17 1-06 2-00

„ „ (Wedgwood) . 66-49 26-00 2-04 0-15 0-20 6-12(?)
English red facing brick of good quality 51-01 36-90 0-24 2*01 — 9-98
English firebrick of good quality . 70-86 24-68 0-21 0-63 — 2-90
Saggers used in Staflordshire 68-24 26-31 0-18 — — 4-89

Bone
Eartli

26-44
33-09

Analyst

ilalaguti
Laurent

f ITalaguti &
1 Lauréat

Church
Covper
Author

Salvetafc

Author

Glazes and glazing.—It is well at the outset
that the terms 'glaze' and 'enamel,' which are
oftenconfounded,shouldbe fairly defined. Aglaze
is a transparent vitreous coating, while an enamel
is an opague semi-vitrified coating, applied to
any kind of potteryware to render it impervious
to liquids or to serve as a means of décoration.
But glazes and enamels may be stained with
various oxides so as to produce différent colours.
The distinction is, however, not a very pro-
found one, for enamels are usually simple lead
glazes rendered opaque by the addition of oxide
of tin.

A good glaze should answer to the following
properties—•

1. It should be clear, brilliant, and thin, so as
not to hide modelled work.

2. It should have such a suitability to and
agreement with the body, both in composition
and dilatability, as neither to chip off from the
sharp edges of the body, nor to break up in
minute cracks (crazes) upon its surface.

3. It must be hard enough to resist wear,
especially if used for culinary purposes.

4. It should not be attacked by water or by
acid vapours, and if used for culinary, domestic,
or sanitary purposes should not be attackable by
any acid, save hydrofluoric.

There are but two glazes in ordinary use
which can be said to answer these conditions
perfectly, and they are the sait glaze so exten-
sively applied to stoneware, and the glaze
of hard paste porcelain ; though the glaze on
the best English soft paste porcelain ranks but
slightly below them in ail respects. Most of
the other glazes in common use are defective
in one or more of these points ; though such
faultiness may not prevent them from serving
most of the purposes for which a glaze is in-
tended. The commonest, and at the same time
the most vital, of these faults is what is known
as ' crazing,' i.e. cracking or splitting of the glaze
in ail directions on the surface of the ware,

owing to the différent rate of dilatability for
changes of température of the glaze and the
body to which it is attached. These cracks, fine

as they are, readily absorb fluids, and wben they
occur on pièces used for the purposes of the
toilet or the table, become not only offensive,
but are said to be positive sources of danger
from the fatty or oily fluids they have absorbed,
forming possible breeding grounds for bacteria
(v. Encyclopédie Chimique, tome v., pp. 70-71).

During the last fifty years or so many glazes
have been introdueed, both in Continental coun-
tries and in England, containing a large propor¬
tion of oxide of lead, so as to render the pro¬
duction of a rich brilliant glaze possible without
the cost and the difficulties of a high tempéra¬
ture of firing. So overcharged are many of
the commoner glazes with lead, that they are
readily attacked by the acids of food in cooking,
and to such an alarming extent has this soft lead
glazing grown, that the G-erman Government
bas recently forbidden the use of a glaze on any
article for domestic use which will not resist the
action of strong boiling acetic acid. The reasons
for the superiority of the glazes mentioned above
is not far to seek ; they accord so well in nature
with the body to which they are applied, and
they penetrate it to such a depth, as to become
to a certain extent incorporated with it; the
température required for their perfect formation
too is so high that they possess a degree of
liardness superior to that of many varieties of
glass. The method of application of the glaze
of porcelain has been already described. Before
proceeding to the question of glazes in général a
brief account of sait glazing is désirable.

For the sait glaze process only such pastes can
be used as contain a considérable excess of
silica, uncombined with alumina. When ware
of this nature is fired in the kiln with free cir¬
culation of the flame and smoke among it, the
most expeditious method of applying the glaze
is to throw on to the tires at the termination of
the biscuit-firing a quantity of wet sait, or it
may be thrown directly into the oven. Yapours
of common sait and water thus pass into the
oten, and a mutual décomposition takes place
between them, resulting in the formation of
hydrochloric acid vapours and the libération of
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soda, which immediately combines with the
silica of the ware, with the formation o£ a coat-
ing of a hard insoluble soda glass upon the sur¬
face exposed to the action of the fumes. The
following équations may be used to express the
changes :—

(1) 2NaCl + H20 = 2HCl + Na20.
(2) Na20 + Si02 = Na20.Si02.

though the changes are probably more compli-
cated than this, as the iron compounds in the
paste undoubtedly play an active, though pos-
sibly intermediate, part in the proeess.

Glazes may be divided into the four follow¬
ing classes according to their composition :

1. Alkaline glazes (silicates of soda and
potash). Ex. Sait glaze, Egyptian turquoise.

2. Felspathic glazes (silicates of the alkalis
and alkaline earths). Ex. Glaze of hard porce-
lain and of some English porcelains.

3. Lead glazes (silicates and silico-borates of
the alkalis and alkaline earths, softened by the
addition of oxide of lead). Ex. Ail ordinary
clear glazes for earthenwares and of most English
porcelains.

4. Stanniferous glazes or enamels (as 3, but
with oxide of tin, rendering them opaque). Ex.
Opaque enamels for majolica, white bricks, &c.

Of the purely felspathic glazes it will be
suffirent to state here their général composition,
their methods of application and préparation
resembling those shortly to be described. The
différent relationship in which they stand to the
body bas been already commented on in speak-
ing of hard porcelain paste. The best of these
glazes is now simply the ground pegmatite (con-
taining mainly felspar and quartz) which is
found assoeiated with the kaolin used for the
paste. A glaze in use at Berlin in 1836 had the
following percentage composition : kaolin 31,
quartz 43, gypsum 14, porcelain pitchers 12.
The best English porcelain glazes are quite free
from lead, but borax is added to the felspar to
render it somewhat more fusible. One of the best
English glazes is prepared as follows Eritt
together 5 parts of China stone, 2 parts of boracic
acid, 1 part of lime, and 1 part of flint, and then
grind the fritt with 1£ parts of dried China clay.

The glazes of the third class are in very

These recipes might be multiplied a lrundred-
îold, but sufficient are here given to show the
général lines of their composition, and represent
glazes in actual use.

Coloured glazes.—In recent years a great
variety of coloured glazes have been introduced,
especially for the décoration of wall tiles. The
basis of these glazes is in most cases a fritt

Toi. III.—T

extensive use at the présent time, and are of
every degree of fusibility according to the pur-
pose to which they are applied. In making
glazes of this nature, a fritt or coarse glass is
first made containing ail the soluble materials,
such as borax, soda, &c., together with such of
the other ingrédients as will enable them to form a
well vitrified, insoluble glass. This glass or fritt
is then weighed out, together with the requisite
proportions of flint, china stone, white lead, or
such other insoluble materials as are necessary,
and the whole mixture is ground together
on a pan similar to the one shown in fig. 1,
until it is perfectly fine. The glaze in sus¬
pension in water is then put into convenient
tubs, and the biscuit ware dipped in it ; a portion
of the water is absorbed ; and a thin coating of
powdery glaze is left on the piece. The articles
are placed in saggers, being carefully supported
on pointed supports—the saggers are piled in
bungs in an oven such as those shown in fig. 3 or
4, and the whole is submitted to a second firing,
less in intensity than the first or ' biscuit '
firing, but sufficient to completely melt the glaze
upon the surface of the ware. The older form
of oven shown in fig. 4 answers better for
glazing than the down-draught form shown in
fig. 3, because in the latter form the fumes and
produets of combustion, being kept longer in
the oven, are more likely to penetrate the
saggers and damage the brilliance of the glaze.
It is essential to lute the saggers together with a
roll or ' wad ' of clay for the ' glost ' fire, to pre-
vent the pénétration of fumes into the saggers
during the firing. With the softer kinds of
glaze belonging to classes 3 and 4, such as are
used for the décoration of English majolica, the
pièces after dipping, instead of being inclosed
in saggers, are ail placed carefully in a kiln
similar to the one shown in section in fig. 5.
This kiln plays the part of one big sagger, and
the flame playing ail round it raises the kiln
and its contents to a température sufficient for
the fusion of glazes rich in lead such as are used
for these purposes.

The following table gives the composition of
a few typical lead glazes, from the barder ones
used for bone china to the softer ones used for
English majolica ware :—

rich in lead; and for the greens and blues
derivedfrom cupric oxide, a glaze with a base of
silicate of soda and lime. In every case the
object is to get a glaze with a rich, luscious
appearance, and fusible at such a low heat as
not to impair by volatilisation or otherwise the
tone of colour produced by the addition of small
quantifies of oxide of iron, oxide of cobalt,

X

—

Fritt G-laze

Borax Chalk Flint China
stone Felspar Soda Kaolin Fritt Flint China

stone
White
lead

English china glaze 50 16 40 24 33 45 — 15 15

English earthenware glaze 48 38 62 — — 26 30 230 60 160 120

English granité glaze 80 30 80 100 40 40 30 360 50 50 80

English majolica glaze . 40 20 40 100 — 12 — 100 — 10 120

English parian glaze 20 — 15 20 — — 5 20 —- — 64
English soft tile glaze 11 22 56
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oxide of manganèse, &o. The following glaze is
given by Salvetat in the Dictionnaire des Arts et
Slanuf., as the basis of a glaze suitable for pro-
dueing a variety of coloured glazes and adapt¬
able either to soft-paste porcelain, earthenware,
or tile bodies :

Bed lead . . . 2,000 grammes.
Flint .... 1,000 „

Borate of lime . . 500 „

This forms a colourless fusible basis, and by
the addition of the various eolouring oxides to it
any desired variety of shade can be produced.

Blues by the addition of from 40 to 125
grms. of CoO to the above quantity of glaze.
Blue-greens by the addition of from 100 to 500
grms. of CuO to the above quantity of glaze.
Ivory to strong yellow by the addition of
from 70 to 200 grms. of Fe203 to the above
quantity of glaze. Madder-brown to purple-
brown by the addition of from 70 to 125 grms.
of Mn.,04 to the above quantity of glaze, and
various intermediate tints by admixture of the
différent oxides in various proportions.

The mixture of materials and eolouring oxide
after being ground eoarsely together is melted
in crueibles, and then poured out into water and
ground fine ; in this way a more perfect com-
bination is obtained than by simplygrinding the
materials together. An English mixture serving
the same purposes, but not quite so fusible nor
so readily applicable to the various bodies as the
one given above, is made by grinding together
flint 100 parts, China stone 90 parts, red lead
360 parts, borax 40 parts ; the mixture is fritted
together in flinted saggers, ground, and then
various proportions of finely ground metallie
oxides added to it for eolouring purposes. These
glazes may be applied by dipping like ordinary
glazes, but they are often applied with large eamel-
hair pencils, and by mingling them together in
various ways beautiful eiïects of colour are
readily obtained.

Turquoise glaze. This most rare and bril-
liant colour, brought to perfection by the ancient
Egyptians, and made also by the Assyrians, has
been reeently investigated by Salvetat, who finds
that the true turquoise blue is only developed by
the solution of oxide of copper in a silicate of soda,
and on a body rich in silica. He gives the
following composition receipts for body and
glaze :—

Body. Glaze.
Silica . 93'0 Sand . 9001
Alumina 4-0 NaHCO, 400 L.,, ,,

Lime . 2-0 Chalk ! 100 > Fntted together.
Potash . 0-5 CuO . 135 J

Much attention has been devoted of late
years by eeramic chemists in Europe to the com¬
position of Oriental glazes and enamels—and
the reader is referred to an article on p. 442
of vol. 5 of Fremy's Encyclopédie ; to several
added articles by Salvetat in the 1877 ed. of
Brongniart's Arts Céramiques, and to various
notices in the Chemiker-Zeitung for 1888-89.

The stanniferous glazes, or enamels as they
are more generally called, are not so widely used
now except for the manufacture of white glazed
bricks as they were at the time of the Renais¬
sance in Italy, when the famous Italian majolica

and Délia Bobbia wares were decorated largely
on a ground of opaque tin enamel. A revival
of this manufacture has taken place in Italy, and
both in that country and in France there are
several factories for the production of faïence
with a stanniferous glaze. The following receipts
are given by Deck for the principal enamels of
this class :—

White. Lead and tin ashes. 44 ; sand, 44 ;
soda, 2 ; common sait, 8 ; red lead, 2.

Yellow. White as above, 91 ; oxide of anti-
mony, 9.

Blue. White as above, 95 ; oxide of co¬
balt, 5.

Green. White as above, 95 ; cupric oxide, 5.
Yellow-green. White as above, 94 ; cupric

oxide, 4 ; antimoniate of lead, 2.
Violet. White as above, 96 ; manganèse di-

oxide, 4 ; though, of course, thz exact composi¬
tion of the glaze dépends on the body to whick
it is to be applied.

Bodies very rich in fusible material, like
Parian and some of the finer stonewares, become
quite impervious to liquids, and acquire a smooth
and glossy surface without the application of a
glaze, from the sernivitrification of the paste
itself. Opener and less fusible bodies than these
acquire a similar surface if they are fired in
saggers, the insides of which have been washed
with glaze rich in oxide of lead, and containing
chlorides or fluorides. Mixtures of oxide of
lead with cryolite, fluorspar, common sait,
calcium chloride, &c., are the hest for this pur-
pose. When heated they probably give off
volatile fluorides or chlorides of lead, and these
are again decomposed on the surface of the ware,
forming a thin smear or coating of silicate of
lead.

Colours.—No department of potteryhas made
such advances during this century as the prépara¬
tion of the various ceramic colours, and while at
the beginning of the century the colours were for
the most part fired on the glaze at low tempéra¬
tures, we nowpossess coloured bodies, under-glaze
colours, and on-glaze colours in abundance.
Owing to the faet that ail pottery colours
require to be submitted to at least a red heat,
no organic colours can be used for this pur-
pose, and recourse must therefore be had to
such inorganic eompounds as will produce
colour effects without décomposition at high
températures, and under the action of alkaline
glazes and fluxes. The list of substances which
answer these requirements is by no means a
large one, comprising only the oxides of cobalt,
nickel, iron, manganèse, zinc, copper, antimony,
lead, uranium, and iridium, a few salts, such
as the chromâtes of iron, lead, and barium, the
natural ochres, purple of Cassius, and afew obscure
eompounds which will be described later. Por
the préparation and properties of each of these
substances, reference must be made to the
respective articles in this work in which they
are treated at length.

Coloured pastes.—In almost every form of
pottery belonging to classes 2 and 3, it is possible
to stain the white pastes with various colours;
but owing to the fact that they have to endure
the most intense heat of the whole process, the
number of colours is very limited. The pastes
rich in fusible material, espeeially those rich in
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felspar, stain most beautifully, as the felspar
forms a neutral flux in which the particles o£
colouring matter are dissolved, and so produee
their richest effect. Mosaio tiles and tesserae,
coloured pavians, poreelains, and jaspers, are the
best examples of eoloured pastes, and are all
bodies rich in fusible materials. The following
are a few of the proportions used :—

Blue (paie). 95 parts of paste ; 5 parts of
oxide of cobalt.

Blue (strong). 90 parts of paste ; 10 parts of
oxide of cobalt.

Grcen. 85 parts of paste ; 5 parts of oxide
of cobalt ; 10 parts of oxide of chromium.

Blue-grcen. 95 parts of paste ; 2J- parts of
oxide of chromium ; 1J parts oxide of cobalt ;
lj parts oxide of zinc.

Bnmze-green. 95 parts of paste ; 5 parts of
calcined oxide of nickel.

Brown. 85 parts of paste ; 15 parts of cal¬
cined oxide of iron.

Tcllow. 90 parts of paste ; 10 parts of oxide
of titanium.

Black. 90 parts of paste ; 7 parts of oxide
of iron ; 3 parts of oxide of cobalt.

In the décorative process known as bar-
totine or slip painting, colouring oxides are
often added to ordinary earthenware or stone-
irare pastes, but the effeet is much inferior in
juicy richness unless the article be afterwards
glazed.

Under-glaze colours.—These colours, consist-
ing for the most part of oxides, chromâtes, or
silicates, mixed with china elay, flint, &c., so as
to diminish the action of the glaze upon them,
or to assist in the development of the tone of
colour required, are applied on the porous bis¬
cuit ware before the piece is glazed. They must
therefore resist the action of the glaze at a tem¬
pérature sufficient to melt the latter ; they must
be infusible enough to remain still under it ; and
they must have such an agreement with both
the glaze and the body as not to cause the glaze
to fly off in flakes. The following colours
answer well for both china and earthenware :—

Black. 8 parts of native chromate of iron ;
3 parts of Mn.,04 ; 3 parts of CoO ; 1 part of
flint, calcined together strongly and then ground
fine.

Dark blue. 4 parts of CoO ; 1 part of flint ;
1 part of chalk, ground together.

Azuré blue. 60 parts of ammonium-alum ;
3 parts of oxide of cobalt, calcined strongly, then
ground and washed thoroughly till free from
traces of acid.

Blue-grcen. 12 parts of borax ; 12 parts of
chalk ; 12 parts of oxide of zinc ; 24 parts of
green. oxide of chromium ; 4 parts of oxide of
cobalt; calcine well together and grind till
fine.

Dark brown. 8 parts of native chromate of
iron ; 4 parts of oxide of zinc ; 2 parts ol' oxide
of iron ground well together, calcined strongly
and re-ground.

Red-brown. 6 parts of precipitated chromate
of iron ; 20 parts of oxide of zinc ; 3 parts of
litharge, calcine together strongly, and then
grind till fine.

Pink colour. Oxide of tin, 100 ; chalk, 34 ;
oxide of chromium (Cr203), 1 ; silica, 5 ; mixed
well together, calcined strongly, and ground.

Yellow. Oxide of antimony, 3 : red lead, 6 ;
flint, 2 ; oxide of tin, 1 ; calcined together and
then ground.

In all these colours the important point is to
have the materials well ground together before
calcining, in order that their union may be as
intimate as possible ; and the value of the tint
is much improved if the final grinding be as
perfect as possible.

On-glaze colours.—These colours are really
fusible glasses, of such a nature that when they
are applied upon the fired glaze, and the whole
piece is then raisecl to a red heat, the coloured
glasses fuse and adhéré to the glaze. Unless
this union with the glaze be very perfect, such
colours are always liable to wear off, and they
never have the richness of under-glaze colours
owing to the much lower heat at which they are
fired. On-glaze colours are divided into the two
classes of regular-kiln colours (Fr., couleurs de
moufles tendres), and hard-kiln colours (Fr.,
couleurs de moufles dures), the latter colours con-
taining a smaller proportion of flux than the
former and hence requiring a higher tempéra¬
ture of firing.

The first requisite in the préparation of
on-glaze colours is a sériés of fluxes which shall
accord well with the glaze on which they are
to be fired, shall fuse at a suflficiently low tem¬
pérature, and shall dissolve the partieles of
colouring matter without décomposition. Sal-
vetat lias prepared a sériés of fluxes which
answer perfeetly for hard-paste poreelain. Their
composition is as follows :—

No. 1 No. 2 No. 3 No. 4 No. 5
Mux Flux Flux Flux Flux

Litharge 75 66-66 11-12 37*50 73-00
Silica . 25 22-22 33*33 12-50 9-00
Calcined borax .

— 11-11 55-55 — —

Boracic acid — — — 50-00 18-00

No. 1 is a spécial flux for certain dark blues
fired in the hard kiln ; No. 2 is the général flux
for browns, greys, yellows, and iron-reds ; No. 3
is the flux for carminés made from gold, and
No. 4 for goldpurples ; No. 5 is the peculiar com-
pound used for greens prepared from oxide of
chromium—a flux used for a similar purpose at
Meissen is composed of 73 parts of litharge, 18
parts of silica, and 9 parts of boracic acid.

The fluxes used in England differ eonsider-
ably from the foregoing on account of the dif¬
férent nature of the glazes to which they are
applied ; in this country almost every colour-
maker lias fluxes of his own, and there is con¬
sidérable difficulty in arriving at anything like a
général statement as to the composition of the
fluxes used. The following compositions are
for fluxes largely used in Staffordshire :—

No. 1
Flux

No. 2
Flux

No. 3
Flux

No. 4
Flux

No. 5
Flux

Eed lead 64-50 49-99 30-55 15-76 40-00
Silica . 21-50 16-66 41-68 21-19 20-00
Borax (cryst.) — 33-33 27-77 63-05 40-00
Flint glass . 14-00 — —

x 2
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No. 1 is a spécial flux for a brilliant scarlet
préparée! from lead bichromate : and the re-
mainder are used for the same purposes as the
similarly numbered French fluxes described
before.

The préparation of ail the fluxes is as follows.
The various ingrédients are carefully ground
together dry, and then melted in good crucibles ;
when thoroughly melted they are poured out
either into water or on to a slab, the latter
method being préférable, as fluxes rich in borax
are somewhat easily attacked by water. They
are then ground to a fine powder, and are ready
for mixing with the colouring agent.

The following typical mixtures are given as
an indication of the général composition of
on-glaze colours ; the proportions of colour and
flux remain good in ail cases, the only point
being to use a suitable flux :—

Regular-kiln colours (couleurs de moufles
tendres) :

Strong grey. Flux No. 2, 68 parts; car¬
bonate of cobalt, 6 ; ferrie hydrate, 13 ; zinc
carbonate, 13.

Pale grey. Flux No. 2, 92 parts ; carbonate
of cobalt, 5 ; ferrie hydrate, 3.

Strong black. Flux No. 2, 80 parts; car¬
bonate of cobalt, 10 ; ferrie hydrate, 10.

Iridium black. Flux No. 2, 75 parts ; ses-
quioxide of iridium, 25.

Uranium black. Flux No. 2, 75 parts ;
black oxide of uranium, 25.

Strong blue. Flux No. 2, 61 parts; car¬
bonate of cobalt, 13 ; carbonate of zinc, 26.

Pale blue. Flux No. 2, 80 parts; carbonate
of cobalt, 6 ; oxide of zinc, 14.

Blue-green. Flux No. 5, 75 parts ; car¬
bonate of cobalt, 6 ; green oxide of chromium,
19.

Sea-green. Flux No. 2, 80 parts ; carbonate
of copper, 20.

Pale yellow. Flux No. 1, 80 parts ; anti-
moniate of potash, 14 ; carbonate of zinc, 6.

Orange. Flux No. 1, 80 parts ; antimoniate
of potash, 14 ; red oxide of iron, 6.

Uranium orange. Flux No. 1, 75 parts;
yellow oxide of uranium, 25.

Yellow brown. Flux No. 2, 75 parts ; ferrie
oxide, 10 ; carbonate of zinc, 15.

Red. Flux No. 2, 75 parts; red ferrie oxide,
25.

Rose colour. Flux No. 3, 87 parts; purple
of Cassius, 12 ; precipitated silver, 1.

Purple. Flux No. 4, 90 parts; purple of
Cassius, 7 ; oxide of gold, 3.

Ail these colours, with the exception of the
last three, are made by grinding together
the constituents, then fusing the mixture in
crucibles, and regrinding perfectly fine. Of the
remaining three colours, the red from oxide
of iron needs most careful préparation. The
oxide for this purpose is prepared by carefully
calcining dried ferrous sulphate until the
brilliant red tint is fully developed, which takes
place between 400-420°C. Below this tempéra¬
ture a dirty yellowish brown, and above it a dark
purplish brown product, is obtained. The oxide
of iron and flux are simply ground together, not
calcined.

The colour3 prepared from gold are obtained
by mixing the ingrédients well together, and sub-

mitting the mass to a gentle calcining at a tem¬
pérature below redness ; they vary in tint with
the degree of heat to which they are subjected,
changing from a full rose colour at a clear red
heat to a dullish purple at a heat approaching
whiteness.

Hard-kiln colours (couleurs de moufle dures).
These colours are prepared from matériels

similar to those used for regular kiln colours,
but they contain a smaller proportion of flux.
Owing to the greater heat to which they are
subjected, the number of compounds which eau
be used is rather more limited than in the
former case, but the colours become so fused
into the glaze that they attain an added rieh-
ness and brilliancy, and at the same time gold
and other metals can be applied on them for
décorative purposes.

Metals.—Only the noble metals canbe used in
the metallic state for the décoration of pottery,
and of these only gold, silver, and platinum are
in actual use. The préparation of the gold for
pottery purposes nécessitâtes its production in
as fine a state of subdivision as possible. Two
methods are in use for this purpose :

1. The French method ; in which the gold is
obtained in afinely-divided state by precipitating
a very dilute solution of the chloride with a
dilute solution of ferrous sulphate (v. art. Goud).
The precipitated gold, after very careful and
often repeated washings, is dried and well ground
with Jjth of its weight of subnitrate of bismuth
or of calcined borax ; this powder is then made
up into a pigment by mixing it with oil of
lavender or fat turpentine, and when fired the
subnitrate of bismuth or the borax serves to flux
it on to the glaze.

2. The Englishmethod ; by which an amalgam
of equal parts of gold and mercury is prepared,
mixed with -^th to j^th of its weight of the Ko.
2 Flux given above, and ground under water to
an impalpable powder. This is dried, mixed
with fat oils, and applied, like the other, and
when fired the mercury volatilises leaving the
gold with a dead or matt surface, which is then
brightened by scouring with sand and burnish-
ing with agate. Silver and platinum are seldom
used by themselves, but by adding from ^ to
£ch of them to the gold, light and green golds
are produeed, which are much prized as décora¬
tive adjuncts to the ordinary gold.

For very elaborate and expensive work, gold
is sometimes prepared by grinding gold-leaf
under water with the requisite amount of flux.
The powder thus obtained is then dried, and
ground up with clear honey to a workable
consistency. It is applied thickly, and after
firing can be chased and eut up with agate
chasers.

Quite recently Mr. W. De Morgan, of Chelsea,
and Messrs. Maw, of Broseley, Salop, bave revived
the lustre décorations which were carried to such
a pitch of perfection by the Moors during their
occupation of Spain, especially about the twelfth
century. The lustre pigments, containing com¬
pounds of silver and copper as colouring agents,
are applied on the fired glaze or enamel, and
are then again raised to a red heat in a kiln so
contrived that when this température has been
reaehed a large volume of smoke from burning
brushwood is passed into the kiln. The copper
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compounds are redueed to the lower stage of
osidation, giving a rieh red baekground o£ colour,
on which au iridescent film o£ metallie copper
or silver may be also at the same time produced.
The effects obtained are singularly rich and
beautiful, and it is to be hoped, for the sake of
the art, that the proeess may be commercially
Bnccessful.

Application of colours.—The colours are
applied by printing or by painting. In each
case the colour is mixed with a resinous médium
to give it body. For printing purposes it is
made up into a kind of ink or pigment by
mixing it with thiek, boiled linseed oil. The
mixture is then worked into an engraving or
etching on a fiât copper plate ; the exeess of
colour removed, and a print taken from the en¬
graving on to thin tissus paper. The paper

Fig. o.—Transverse Section of Enamelling Kiln.
a. Kiln. b. Fireplaee, charged at c. e. Bottom ttue.

f. Uprigiit flues. g. Cliimney.

print is then applied to the required article ; in
the case of under-glaze colours on the biscuit
rare, and in the case of the on-glaze colours on
the glazed ware. The porous biscuit ware
readily absorbs the colour from the paper, which
ean then be washed ofi ; the glazed pièces are
first ' primed ' tvith a size made by thinning
down Canada balsam with turpentine; this
size serves to absorb the colour, and after
standing some time the paper can also be washed
ofi in this case, leaving behind a perfect im¬
pression in colour. The ware then requires to
be fired, and this firing is efïected in a closed
kiln or mufïle, shown in section in Fig. 5. The
ware is carefully piled in this ; in the case of
biscuit ware it is heated to full redness to expel
the printing oils, and leave the ware in a condi¬

tion to receive the glaze ; in the case of on-glaze
colours the firing is carefully regulated to suit
the partieular colours in question.

In painting, the colours whether under-glaze
or on-glaze, are mixed up into workable pigments
with fat turpentine, oil of lavender, aniseed,
&c., and applied with camel-hair peneils in the
ordinary way.

Metals are usually fluxed, so as to adhéré
perfectly to the glaze at the heat necessary to
tire up the on-glaze colours.

Many pyrometers have been proposed for
pottery purposes, but in practical work the fire-
man ahvays judges of the progress of the firing
by small trials of a similar substance to the
material being fired, and whichhe removes from
the oven or kiln from time to time by holes
specially left for the purpose.

Literature.—For ail détails eonnected with
the practical work, Brongniart's great work
Traité des Arts Céramiques, especially the édi¬
tion of 1877 with additions by Salvetat, is the
best book, and is especially good in its account
of the manufacture of hard porcelain, though
meagre in its accounts of English bodies and pro¬
cesses. Several works by Salvetat are of im¬
portance, notably his Leçons de Céramique.
Alex. Martin, Faïences et Porcelaines. Th.
Deck, La Faïence, 1887. Vol. 5 of Fremy's
Encyclopédie Chimique may be looked on as a
modernised Brongniart confined to hard-paste
porcelain. There is no good work in English
on the subject ; the best information, and for the
most part reliable, is to be found in the catalogue
of the collection of pottery in Jermyn Street
Muséum, and the book contains a valuable
appendix by Geo. Maw, Esq., one of the fore-
most potters in the country, on the Clays and
Plastic Strata of Great Britain. W. B.

P0ZZU01ANA v. Cements.
PRASEODYMITTM v. Ceeiuji hetals.

PRECIPITATE, RED, v. Mekcuey.
PRECIPITATE, WHITE, v. Meecuby.
PREHNITENE v. Cymenes.
PRIMROSE v. Teiphenylmethane colour-

ing mattees.
PRIMULINE v. Azo- colouking mattees (vol.

i., p. 224). Further particnlars l'especting the
constitution of this colouring mattei have been
made known since the article above referred to
was written. The thio- base, which is made by
heating sulphur and paratoluidine, consists of a
mixture of dehydrothiotoluidine (amidobenzenyl-
p-m-amidothiocresol) and a condensation product
formed by the coalescenee of two molécules of
the latter compound with the élimination oi
hydrogen sulphide. The condensation is brought
about by the further action of sulphur :

2C1.,H12N2S + 2S2 = C28Hl8N4S3 + 3H..S.
The constitution of the condensation product

is therefore :

CBH8.C<^>C8H3.CH3
A b

S N
V y
C.C8H3<^g^.C.C6HJ.NH2.

It is the sulphonic acid of this last base which
lias the affinity for cotton fibre which renders
it so valuable for the production of ' ingrain '
colours by diazotising in the fibre and then com-
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bining with phénols, &c. The dehydrothio-
toluidine has no aflinity for yegetable fibre, and is
thus lost in the bath after the ' primuline ' sul-
phonic acid has been taken up.

The commercial product is the sodium sait.
It dissolves in strong sulphuric acid without
colour, the solution liaving a blue fluorescence
and giving a yellow flocculent precipitate on
dilution. The aqueous solution is yellow, giving
a dark-yellow floceulent precipitate of the free
acid on adding hydrochloric acid. Alkalis throw
down a light-yellow flocculent precipitate. Cotton
dyed with primuline is of a pale sulphur-yellow
colour, which becomes redder on wetting with
hydrochloric acid, and is restored to the original
colour on washing with water.

Diazotised primuline onorganicfabrics under-
goes décomposition on exposure to light ; this
property has been utilised for the production of
photographie prints by the ' diazotype ' process
(Green, Cross & Bevan, S. C. I. 1890, 1001), v.
Photography. r. M.

PRINCE'S METAL or PRINCE RTJPERT'S
METAL. A brass containing about 25 p.c. of
zinc.

PRINTER'S IRON LIQUOR. Ferrous acétate
v. Acetic acid.

PRODUCER GAS v. Fuel.
PROOF SPIRIT v. Alcohol.
PROPIOLIC ACID v. Indigo.
PROPIONIC ACID v. Fatty acids.

PROPYL ACETIC ACID. Valérie acid v.

Fatty acids.

PROPYLBENZENE v. Cumenes.
PROPYLPYROGALLOL v. Phénol and its

homologues.
PROTEÏDS v. Albuminoids.
PROTEÏN v. Albuminoids.
PROTOCATECHUIC ACID v. Hydroxy- acids.

PROUSTITE. Liijht-red silver ore. A silver
sulpharsenite, Ag3AsS3 or 3Ag„S.AsS3 (Rose),
found in rhombohedral crystals H = 2-2-5, sp.gr.
5-12-5-56. Lustre adamantine. Colour and
streak, cochineal-red. Subtransparent to sub-
translucent. Before the blow-pipe evolves
arsenic, and on charcoal leaves metallie silver.
Soluble in nitric acid. Found at Jolianngeorgen-
stadt, Marienberg, and Annaberg, in Saxony ; at
Joacliimsthal, in Bohemia; Wclfach, in Baden;
Markirchen, in Alsace ; Chalanches, in Dauphiné ;
Guadalcanal, in Spain ; also in Mexico and
Peru.

PRUNE v. Oxazine colourino matters.
PRUSSIAN ELUE v. Cyanides.
PRUSSIAN BROWN v. Pigments.
PRUSSIAN RED or YENETIAN RED v.

Pigments.
PRUSSIATE OF POTASH v. Cyanides.
PRUSSIC ACID v. Cyanides.
PSEUDOCUMENE v. Cumenes.
PSEUDOCUMENOLS v. Phénol and its

homologues.

PSILOMELANE. Amorphous manganèse
dioxide v. Manganèse.

PSITACINITE v. Vanadium.
PTERITANNIC ACID v. Filix mas.

PTOMAÏNES v. Fermentation.
PUCHERITE v. Vanadium.
PUMICE STONE. A lava-froth formed from

the glassy speeies of the acid lavas when dis-
tended during theirperiod of fusion by the escape

of steam. The solid volcanic products are
divided into two classes, distinguished as the
glassy and the crystalline, of which the latter
consists of a mass of crystals floating in a liquid
base : the former presenting a more perfectly-
fused appearance. Jets of steam forcing their
way through the crystalline form produce sccria
or cindery material ; whilst pumice is the form
assumed by the action of the water vapour on
the glassy form. It is, in fact, a mass of glass
globules, which, however, usually présent an
elongated and sometimes ruptured form by reason
of the movement of the lava stream. In consé¬

quence of its being permeated with air-chambers,
pumice floats upon the water for some time ; and
after a period of volcanic activity it has been
known to seriously impede the progress of vessels
by its quantity in the seas adjacent to excited
craters. Recent deep-sea soundings show the
bottom of the océan far from land to be covered
with particles of pumice and scoria which must
have floated thither. Pumice stone itself is
specifically heavier than water, and sinks im-
mediately if powdered. Its silky fibres présent
a characteristic vitreous whiteness due to the
refleetion of a portion of the light in its rapid
interchange from the médium of air to tliat of
glass and vice versâ. The analysis of pumice
does not materially differ from that of the more
compact mass. ( V. Lava.)

PUNICIN. The name given by Schunck to
the colouring matter formed from Purpura
capillus and other shell-fish used by the an-
eients in the dyeing of linen and woollen
fabrics. From the observations of Cole (Tr.
1G85), Réaumur (Mem. de l'Acad. Royale des
Sciences, 1711), and. Baneroft (Philosophy of
Permanent Colours, 1, 120, 1803), it appears
that the colour-producing sécrétion, which re-
semblés pus in appearance and consistence, is
contained in a small whitish eyst or vein, placed
transversely under, but in immédiate contact
with, the shell, and near the head of the animal.
This pus-like matter, either dilutêd with water
or undiluted, on being applied to bits of white
linen or calico and exposed to sunlight rapidly
changes its colour, passing from yellow, through
light green, deep green, and ' watchet blue,' to
purplish red or crimson. While these changes
are in progress a strong odour, like that of garlic
or asafœtida, is given off. To produce this
change of colour the light of the sun is essential.
It is effected more rapidly by the direct action
of the sun's rays than by that of diffused light,
but it does not take place in moonlight or in
artificial light. If the linen or other fabric to
which the sécrétion has been applied is kept in
the dark, it remains unchanged, but when ex¬
posed to the sun it becomes purple, even after
the lapse of years, though a little more slowly
than at first. The metamorphosis which the
change of colour indicates is not sensibly pro-
moted by heat. It proceeds in a vacuum and in
hydrogen or nitrogen gas as speedily as in air on
exposure to light. The colour produced is re-
markably stable, resisting the action of soap,
alkalis, and most acids, being destroyed only by
nitric acid and chlorine. (See also Bizis, Journ.
de Ch. Med. 10,99 (1835), and A. and G. de Negri,
Gazz. Chim. Ital. 1875, p. 437). For détails con-
cerning the chromogen of Purpura capillus v.
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Schunck, C. J. 35 (1879), p. 591. Schunck finds
that the colouring matter (punioin) is quite in¬
soluble in water, alcohol, and ether, and spar-
ingly soluble in boiling benzene and boiling
glacial aeetio acid, and readily soluble in boiling
aniline, giving a solution which is at first green,
bit as it approaclies saturation becomes purplisb-
blue. At tbis point it shows a broad, well-defined
absorption band, beginning near C and extending
beyond D ; but, as the solution oools, depositing
the substance contained in it, the colour changes
to green, and the band becomes gradually nar-
rower, until it occupies the space midway between
C and D, and it then disappears. The masses of
colouring matter deposited from the solution in
aniline are seen, under the microscope, to con-
sist of star-shaped groups of irregular crystalline
needles, which, when very thin, show by trans-
mitted light a purple colour. Punicin is soluble
in oil of vitriol, giving a dirty purple colour, and
showing a broad ill-defined absorption-band be¬
tween D and E,the green and blue of thespectrum
being much darlrened. On heating the solution
slightly, or allowing it to stand for some time, the
colour changes to a bright bluish-green, and it
now shows an absorption-band in the red.
Punicin is also sparingly dissolved by a bot alka-
line solution of stannous oxide, and the solution
on exposure to air becomes covered with a blue
pellicle. Punicin may be sublimed, giving crys-
tals which show by reflected light a semi-
metallic lustre, like that of sublimed indigo-blue
(Schunck, l.c.).

PURPLE OF CASSIUS v. Gold purple.

PURPLE OF MOLLUSCA v. Punicin.
PURPLE, HESSIAN, v. Azo- colouring

MATTERS.
PURPLE OCHRE (Mars violet) v. Pigments.
PURPURIC ACID. C9H5NA. An acid ob-

tained by the action of nitric acid upon uric acid.
Ils acid ammonium sait is Murexide,

c9h4n5o6nh4.h2o,
(g. v.). Free purpuric acid is a very unstable
body. On treating a purpurate with an acid the
purpuric acid is at once decomposed into di-
aluramide and alloxan

CSH5N506 + ILO = C4H5N303 + C4H2N204
(Beilstein, A. 107, 176).

PURPURIN v. Alizarin and allied colour-

ma matters.

PURPUROGALLOL v. Pyrogallol, art.
Phénol and its homologues.

PURPUROXANTHIN (1, 3) Dioxyanthra-
quimne v. Alizarin and allied colouring
HATTERS.

PURREE, PIURI, or PIOTTRY, v. Euxanthon
and Indian yellow.

PUTRESCINE v. Febmentation.
PUXTY POWDER. Stannic oxide. Common

qualities of putty powder are produced by
skimming the surface of boiling tin, the scum
so obtained being then freed from foreign matter
and well wasbed and ground. The better kinds
are obtained by treating tin with nitric acid, thus
forming stannic oxide. It is used in enamelling
to give an opaque white colour ; it is also em-
ployed for polishing. (V. Tin salts and oxides.)

PYRARGrYRITE (Silver sulpliantimonite) v.
Antimony.

PYRAZOLE C3H4N2or NH<C^;q2>, an
isomeride of glyoxaline or imidazole, bas been
prepared by Buchner (B. 22, 2165), and later
by Balbiano (B. 23, 1103). Prior to its syn-
thesis, however, phenylderivatives of pyrazole
and of ketodihydropyrazole, or pyrazolone

NH<^^ ' ^a(i been prepared by Knorr,
Claisen, and others, by the action of phenyl-
hydrazine or its homologues on either R-diketones
or /3-ketocarboxylic acids respectively.1 To in-
dicate, in the case of these compounds, the
orientation of the radicles in the pyrazole 'ring,'
Knorr proposed the following seheme :

[5] [4]
m NTT/CH:CHX[1] NH<. N:CH>

[2] [3]
and, in accordance with it, a compound having

CH ■ CH\
the constitutionNPh<^^ . is known as
1:3-phenylmethylpyrazole.

Pyrazoles.
For the préparation of pyrazoles the follow¬

ing methods have been described :—
(1) B-Diketones of the général formula

R.CO.CHR'.CO.R" (where R, R', R" are positive
or négative radicles) react with primary aroma-
tic hydrazines forming hydrazones, which
readily undergo further condensation with the
production of pyrazole derivatives (Knorr, A.
238, 139). Thus l:3:5-diphenylmethylpyrazole
is formed by the action of phenylhydrazine on
benzoylacetone :

(a) NHPh.NH„+ COPh.CH„.COMe
= NHPh.N:CPh.CH„.CÔMe + H„0

(b) NHPh.N:CPh.CH2.COMe
= NPKCMN:C?h> + H20.

Should R, R', or R" be a radicle containing earb-
oxyl, a pyrazolecarboxylio acid is formed, which
when heated loses carbon dioxide with the
élimination of the carboxyl group and forma¬
tion of the corresponding pyrazole. According
to the Farbw. vorm. Meister, Lucius & Brûning
(Germ. Pat. 33536, of Dec. 13, 1884 ; cf. Knorr
and Blank, B. 18, 311, 2256 ; Claisen and
Roosen, B. 24, 1890), ethylic benzoylaceto-
acetate yields ethylic diphenylmethylpyrazole-
carboxylate (m.p. = 121-122°) by simple admix-
ture with an équivalent proportion of phenyl¬
hydrazine, sufficient heat being evolved to bring
about the complété condensation. On boiling
with alcoholic potash this is readily converted
into the acid, Cl6H13N2.COOH (m.p. = 205°),
which when heated at 240-250° loses carbon
dioxide and yields l:3:5-diphenylmethylpyraz-
ole. Homologues of phenylhydrazine or ethylic
ortho- or para-nitrobenzoylacetoaeetate can be
employed in the reaction, and yield correspond¬
ing pyrazoles.

(2) Many unsaturated ketones or aldebydes
having the général formulée R.CO.CR':CHR" or
HCO.CR.CHR' respectively yield either pyraz¬
ole- or pyrazoline- derivatives or mixtures of

1 Amonfr the papers and patents relating to the pre-
paration of /3-diketones and /3-ketocarboxylic acids are the
following : Pechmann, Ber. 17, 2542 ; Claisen and Lowman,
Ber. 20, 651, 655 ; Beyer and Claisen, B. 20, 2178 ; Claisen
and Fischer, B. 20, 2191 ; Farbw. vorm. Meister, Lucius &
Briining, Germ. Pat. 32245,40747, 43817, and 49542.
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both, when the hydrazones formed by conden¬
sation with primary aromatic hydrazines are
distilled. Thus the hydrazone of benzalacetone
yields on distillation a mixture of l:5:3-di-
plienylmethyl-pyrazole and -pyrazoline—that is,
NHPh.N:CMe.CH:CHPh yields a mixture of

,,mi/CPh:CH \ , w™/CHPh.CH,\NPh< N:CMe> and KPh< N:CMe>
(Enorr, A. 238, 141; B. 20, 1100). As be-
fore, when H' is a radicle containingcarboxyl, a
pyrazolecarboxylic acid results, from which the
corresponding pyrazole can be obtained by the
élimination of carbon dioxide. For example,
ethylic benzalaeetoacetate and phenylhydrazine
react in the cold with the formation of ethylic
diphenylmethylpyrazolecarboxylate from which
1:5:3- diphenylmethylpyrazole can be obtained
by saponification and élimination of carbon
dioxide (Knorr and Blank, B. 18, 931 ; Knorr,
B. 20, 1097).

Phenylpyrazole (Balbiano, G-. 17, 176 ; 19,
128) and its homologues are insoluble in water
but dissolve in the ordinary organic solvents.
They are feeble bases, and their salts are de-
composed by water. On treatment with sodium
in boiling alcoholie solution they are readily
reduced to the corresponding dihydropyrazoles
or pyrazolines, which are likewise feeble bases,
and are characterised by yielding magenta-red
dyes when treated in acid solution with oxidis-
ing agents such as ferrie chloride, nitrous acid,
chromic acid, &c. This constitutes Knorr's
pyrazole reaction (A. 238, 200 footnote).

Pyrazolones.
Inasmueh as two isomeric pyrazolones are

theoretieally possible, whose formulas are

x-tr/CO.CH.,vXNH.CO^ <C N.CH^
respectively, it is conceivable that derivatives of
both these bases might be prepared. With the
exception, however, of one case not yet fully
established (Knorr, B. 20, 1107), ail the oxy-
pyrazoles hitherto obtained have been deriva¬
tives cf the base 5-pyrazolone, having the
latter formula, and these alone will be con-
sidered here.

5-Pyrazolone derivatives are formed if, in the
methods just described for the préparation of
pyrazoles, either S-ketonic acids are employed
instead of 8-diketones, or unsaturated acids are
substituted for the corresponding unsaturated
ketones or aldéhydes (Knorr, A. 238, 141).
Thus the hydrazone of ethylic acetoacetate
when heated at 100° for some time yields 1:3-
phenylmethyl-5-pyrazolone :—

NHPh.N:CMe.CH,.COOEt

= ffliO+Et°H
The following 5-pyrazolones, among others,

have been described :—

l:3-Diphenylpyrazolone.
Préparation. — This base is formed when

molecular quantifies of phenylhydrazine and
ethylic benzoylacetate are mixed together ; heat
is evolved in the reaction, and the product is
separated in a crystalline form by the addition
of ether.

Properties. —l:3-Diphenylpyrazolone melts
at 127°, is very sparingly soluble in water,

sparingly soluble in ether and petroleum spirit,
readily soluble in alcohol, chloroform, benzene,
&c., and has both basic and feebly acid pro¬
perties. When heated in sealed tubes at 100"
with methyl iodide and methyl alcohol it yields
diphenylmethylpyrazolone, which melts at 150°,
is sparingly soluble in water, ether, and petro¬
leum spirit, readily soluble in alcohol, and has
feebly basic properties, differing in this respect
from antipyrine, although both compounds are
considered by Knorr to have an analogous con¬
stitution (Farbw. M., L. & B., Germ. Pat. 42726,
of Aug. 7, 1887 ; Knorr and Klotz, B. 20, 2545).

1:3-Phenylmethylpyrazolone. Hethylo.xy-
quinizine.

Préparation.—(1) Molecular proportions of
phenylhydrazine and ethylic acetoacetate are
mixed together, and the oily hydrazone,
after séparation from the water formed in the
reaction, is heated at 100° until a test becomes
solid on eooling. The product, whilst still
warm, is poured into ether, and the crystalline
mass after washing with ether is dried at 100°.
The yield is almost quantitative, but is dépen¬
dent on the presence of exactly équivalent
quantifies of the two compounds, since exeess of
either leads to further condensation, and the
production of complicated products (Knorr,
Germ. Pat. 26429, of July 22, 1883; B. 16,
2597 ; 17, 546, 2032 ; A. 238, 147).

(2) Equivalent quantifies of the anilide,
toluidide, or naphthalide of ethylic acetoacetate
and phenylhydrazine are heated for some hours
at 150-200°, and the pyrazolone is extracted
from the melt by means of aqueous soda (Farbw.
M., L. & B., Germ. Pat. 41936, of Feb. 23,1887;
Knorr, A. 238, 146).

Properties.—It is crystalline, melts at 127°,
boils at 287° under 265 mm. pressure, but decom-
poses when distilled at the ordinary pressure,
and is slightly volatile with steam. It has both
acid and basic properties, dissolves in alcohol
and water, and on réduction with zinc-dust
yields l:3-phenylmethylpyrazole. When boiled
with excess of phenylhydrazine it is converted
into bis-phenylmethylpyrazolone,

NPh<K?C^>CH-CH<^?N>XPh'
which, on oxidation with ferrie chloride, platinio
chloride, bromine water, nitrous and nitric acids,
&c., is characterised by yielding pyrazolc-blue

NP<N?CMe^>C:G<-CMe?N/>NPh|
a colouring matter which in its constitution and
inmany of its properties closely resemblesindigo-
blue, but from which it is distinguished by its in-
stability and lack of tinctorial power. Phenyl-
methylpyrazolone readily yields condensation
compounds with aldéhydes and ketones, and
these, like the indogenides of the indigo sériés, are
coloured yellow to red. A large number of deriva¬
tives of phenylmethylpyrazolone have also been
prepared by displacing the hydrogen atoms of
the methylene group by various radicles, and
these serve to bring out the analogy between the
pyrazolones and members of the uric acid sériés.
Thus phenylmethylpyrazolone, like barbituric
acid, yields an isonitroso-, a nitro-, and an
amido- derivative, forming the violuric acid, the
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diliturio acid and the urarnil of the sériés, whilst
rubasonic acid,

nph<n?^>CH.N:C<^™>NPh
obtained by the oxidation of the amido- deriva-
tive forms its purpuric acid (Knorr, A. 238,
167 et seq.) The most important derivative o£
phenylmethylpyrazolone, however, is

Antipyrine. Phenyldimethylpyrazolone

SK»MMe> K?)' * Nef' A' 258' 2C7]"
Préparation.—(1) Antipyrine is readily ob¬

tained by heating a mixture of equal parts of
l:3-phenylmethylpyrazolone, methyl iodide and
methyl alcohol in closed tubes at 100° (Knorr,
Germ. Pat. 26429 of July 22, 1883).

(2) Equivalent quantifies of ethylic aceto-
acetate and symmetrical methylphenylhydrazine
are heated in an oil bath at 140° until water and
alcohol are no longer evolved; the antipyrine
lormed is then extracted from the melt by hot
water. The yield is poor (Earbw. M., L. & B.,
Germ. Pat. 40377 of Nov. 4, 1886 ; Knorr, A.
238,203).

(3) The ethylic phenylmethylpyrazoloneearb-
oiylate (m.p. = 134°) resulting from the conden¬
sation of phenylhydrazine with ethylic acetone-
dicarboxylate is heated with methyl iodide and
methyl alcohol in the usual way ; antipyrine is
then obtained from the product by first saponi-
fying and then heating to eliminate carbon
droxide (Parbw. M., L. & B., Germ. Pat. 32277 of
Sot. 25, 1884).

Properties. — Antipyrine crystailises in
lustrous triclinie forms, melts at 113°, and dis¬
solves in one part of water, two parts of absolute
alcohol, 1| parts of chloroform, and 50 parts of
ether at 12° (Gay and Fortuné, J. Pharm. et
Chim. [5] 17, 594) ; it is also readily soluble in
benzene. Unlike l:3-phenylmethylpyrazolone it
is a strong monacid base, yielding salts which
dissolve readily in water but do not in général
crystallise well. Antipyrine has been largely
nsed as an antipyretic in doses of 0p3 to 1 gram,
the décliné of febrile heat commencing within
a few minutes after the administration of the
drag, and persisting for from one to sixteen hours,
according to circumstanees. It is not, however,
an anti-periodie (Knorr, Ber. 17, 2037 footnote).
In aqueous solution, antipyrine gives a red
colouration with ferrie chloride, whereby one
part in 100,000 ean be detected. It further
gives with nitrous acid, after a few seconds, a
pure blue-green colour in dilute, and a green
crystalline precipitate in concentrated, solutions,
whereby one part in 10,000 can be detected
(Knorr, B. 17, 549 ; Smith, S. C. 1.1886, 5S0).

Note on the constitution of antipyrine.—The
marked différence in the basie properties of
antipyrine and l:3-phenylmethylpyrazolone
seems difficult to account for if the formula
assigned by Knorr to the former is correct. It
is conceivable, in view of the analogy between
pyrazolone- and indôle- derivatives, that the
action of methyl iodide and methyl alcohol on
l:3-phenylmethylpyrazolone results in the for¬
mation of a six-membered ' ring ' containing
four carbon atoms, just as it leads to the pro¬
duction of a quinoline- derivative in the case of
raethylketole (Fischer and Steche, B. 20, 818,
2199).

Phenylantipyrine (diphenylmethylpyr-
azolone) has been prepared by the action of
hydrazobenzene on either ethylic acetoacetate or
ethylic aeetonedicarboxylate. It does not, how¬
ever, appear to have found any use in medicine
(Gesellsch. fur Chem. Ind., Germ. Pats. 395G3,
39564; Miiller, B. 19, 1771; Perger, B. 19,
2140). W. P. W.

PYRENE v. Wood, distillation of.
PYRETHEIN v. Pellitory resin, art. Resins.
PYRETHRINE v. Resins.
PYRETHRIC ACID v. Resins.
PYRIDINE v. Bone oil.

PYRITES, COPPER, v. Copper.
PYRITES, IRON, v. Ibon ; Sulphuric acid.
PYROACETIC ACID v. Acetic acid.

PYROCATECHIN, PYROCATECHOL, v.
Phénol and its homologues.

PYROCHLORE v. Niobium.
PYROCOLL v. Bone oil.

PYROCOPOL v. Resins.
PYROCRESOLS ClsH,,0. A group of iso-

meric bodies, three in number, discovered by
Schwarz in coal-tar, and more particularly
examined by Bott (S. C. I. 1887, 646).

a-Pyrocresol crystailises in large shining
plates, exhibiting a bluish-green fluorescence ;
readily soluble in benzene, chloroform, carbon
tetraehloride, carbon disulphide, &c. ; less so in
acetic acid, alcohol, and ether ; and insoluble in
water and alkalis. Soluble also without action
in acetyl chloride, phosphorus trichloride, and
solution of phosgene gas. M.p. 196°, and readily
sublimes.

/3-Pyrocresol. Melts at 124°, and crystailises
in small needles or laminai.

7-Pyrocresol differs from its isomers by its
extreme solubility in ail solvents ; it invariably
crystailises in needles, m.p. 104-105°, and does
not sublime.

On oxidation by means of chromic acid
in acetic acid solution the pyrocresols take up an
atom of oxygen and become Ci5H,202.

a-Pyrocresol oxide, m.p. 168°, forms yel-
lowish needles ; very soluble in acetic acid and
alcohol.

D-Pyrocresol oxide, m.p. 95°.
y-Pyrocresol oxide crystailises in small

rhombic plates, which turn red on exposure to
light.

a-Tetranitro-pyrocresol oxide C15Hs(N02)402,
crystailises from nitrobenzene or glacial acetic
acid in small yellowish plates, which, on heat¬
ing, burn with a flash. Is insoluble in caustic
potash, and sparingly soluble in alcohol.

j3-Tetranitro-pyrocresol oxide resembles the
a- compound, but is more soluble in alcohol.

7-Tetranitro-pyrocresol oxide forms a granu-
lar mass of a pale-yellow colour. More soluble
in alcohol than the a- compound.

Halogen derivatives have also been prepared.
a-Dibromopyrocresol C15H,2Br20, is obtained in
the form of thick, elongated plates. M.p. 215°.

PYRODINE C6Hs.N2H,.C..H30. Phenylhy¬
drazine acetyl. A white crystalline powder, very
sparingly soluble in cold water, and possessing
very little taste.

Is a powerful antipyretic. It reduces fever
température quickly, and maintains the tem¬
pérature at a low level for some hours, pro-
ducing marked perspiration, but not nausea,
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vomiting, or oollapse. It is especially applicable
in cases of pneumonia, scarlet lever, and typlius.
Given in small doses in the latter disease it
enables the patient to pass through the fever at
a low température range without delaying the
crisis, and it seems also to shorten the period of
convalescence. It is less applicable in cases of
typhoid, owing to the early exhibition of toxic
symptoms. Given in often repeated doses at
short intervais it easily shows toxic properties,
and these dépend on the action on the blood,
producing hœmoglobinsemia. It should not be
given (unless the température be very high)
oftener than once in 18 or 24 hours, and it is
not safe to continue its use for more than a few
days. The dose for children is 2-4 grains, for
adults 8-12 grains. It is a much more powerful
antipyretic than either antipyrine, antifebrine,
or phenacetine ; but it is also much more toxic
than these bodies. This disadvantage is redueed
by the fact that it is rarely necessary to give
more than one dose in 12 to 18 hours, as the
température is kept low for a longer period than
by any of the other antipyretics. It reduces
the puise as well as the température, and
often causes diuresis (J. Dreschfeld, S. C. I.,
1888, 765), v. Phenylhydeazine acetyl.

PYROGALLIC ACID, FYROGALLOL, v.
Phénol and its homologues.

PYROGUAIACIN v. Guaiacum, art. Resins.
PYROLIGNATES v. Acetic acid.

PYROLIGNEOUS ACID v. Acetic acid.

PYROLUSITE Manganèse dioxide v. Manga¬
nèse.

PYROMETERS v. Fuel ; also Theemometee.
PYROPHAHITE. A manganèse titanate

MnTi03, found by Hamberg embedded in calcite
occurring in the neighbourhood of Harstigen.
Crystals belong to the rhombohedral-hexagonal
System, and are isomorphous with titanic iron
ore FeTi03 ; brilliant metallic lustre and deep
red tint; powder, yellow with slight tinge of
green; sp.gr. 4-537.

PYR0PH0R1JS (from the Gk. irvpt fire ; and
<pépœ, I bear) is a word which dénotés in its
widest sense any substance capable of taking
fire spontaneously or on very slight élévation
of température, as is the case with phosphorus,
phosphuretted hydrogen, cacodyl, &c. If iron,
cobalt, or nickel be redueed byhydogen from their
oxides at a low red heat, the métal is obtained in
such a fine state of division as to become incan¬
descent by the oxidising action of the atmosphère ;
this rapid oxidation is facilitated bytlie interpo¬
sition of some infusible material, as alumina or
magnesia, between the particles of oxide. When
lead tartrate is heated in a glass tube, the lead
is left in a very fine state of division, so that
if the tube be hermetically sealed, then allowed to
cool, the finely-divided particles of lead will, on
opening the tube, immediately take fire on coming
in contact with the air. The reason of this is
that the ratio of the surface exposed, when in
a fine state of division, to the mass to be heated
is so great that the oxidation of the exposed
surface is sufiieient to bring the mass to incan¬
descence. The sulphides of potassium, sodium,
and lithium, obtained by igniting the correspond-
ing sulphates with lampblack in a covered cru-
cible, are left in a finely-divided state, mixed
with charcoal, and burn spontaneously on

exposure to air. Homberg's pyrophorus is ob¬
tained by heating alum with lampblack, starck,
or flour.

PYRORACEMIC ACID Pyruvic acid
CH,.CO.CO,H. An acid formed by the distilla¬
tion of tartaric acid and of cream of tartar ; also
formed by the distillation of glyceric acid and
oxidising lactic acid by means of potassium per¬
manganate. Has been prepared synthetically
by the action of hydrochlorie acid on acetyl
cyanide (Claisen and Shadwell, B. 11, 1,563).
Best obtained by heating 1 part tartaric acid
with 2 parts of acid potassium sulpliate to 220°.

18°
A liquid, b.p. 165, and sp.gr. 1-288 —, which
tends to polymerise on standing. Combines with
nascent hydrogen to form lactic acid. Forms
unstable salts, which pass into gummy niasses
on heating.

PYROREEIN v. Resins.
PYROSINE v. Teiphenylmethane colobit-

ing matiees.

PYROTECHNY. The art of making fire-
works. Although formerly applied to the smelt-
ing and roasting of metallic ores, and to other
métallurgie al processes involving the use of fire,
the term ' pyrotechny ' has become narrowed
down in modem times so as to include only those
effects of fire that are produced mainly forscenic
displays. That mixtures of certain substances,
some of them more or less familiar, when ignited
were capable of producing brilliant and startling
effects was known to the early ancients. The
art of preparing such mixtures, and of manipu-
lating their mode of combustion, had arrived at a
considérable degree of perfection long before the
true nature of even the commonest of the ma-

terials was known, and before the true principles
underlying their use were in the least understood.
For these reasons it is that the art of pyrotechny,
more perhaps than any other art earried on at
the présent day, is conducted so largely by ' rule
of thumb.'

Pyrotechny is said to have had its origin in
the East, firework displays being well known in
China for many centuries prior to their introduc¬
tion into Europe, and even to this day the
Chinese and Japanese excel in the production of
certain fireworks of great beauty. In Europe
pyrotechny was first practised by the Florentines,
towards the end of the 13th century, at the time
that the knowledge of gunpowder began to be
diffused among the western peoples ; from Italy
the art spread to France, and thence to England
and Germany.

Notwithstanding the great variety of effects
produced by the many différent kinds of fire¬
works, they ail have certain fundamental essen-
tials in eommon. Ail fireworks contain a com¬

bustible substance, and a supporter of combustion.
The combustible, or the fuel; may be either one
or more of a great variety of substances, such as
sulphur, carbon, shellac, resin, pitch, starch,
sugar, lycopodium, various picrates, particularly
the potassium and ammonium salts ; various
sulphides, as those of iron, antimony, arsenic ;
various metals, as iron, antimony, zinc, copper,
magnésium, &c.

The supporters of combustion are mainly
certain oxygen salts, such as chlorates and
nitrates, which are readily able to give up their

IRIS - LILLIAD - Université Lille 1



PYJROTEOHN x. 315

snpply o£ oxygen to the combustible bodies.
The pyrotechnist seldom supplies the fuel with
asufficient amount of the oxygen sait to bring
about the complété combustion of the former,
lie object of the firework-maker is not to dis-
charge into the air the completely oxidised
products of combustion, but rather to throw out
a certain quantity of material which is in a
condition to enter into active combination with
tie oxygen of the air and to carry on its com¬
bustion at the expense of this outside supply of
oxygen, many of the combustible substances
tbus emitted being among the products of the
complex chemical reactions which are going
forward at the time.

The exact nature of the chemical changes
which accompany the burning of a firework are
little known. The various mixtures, therefore,
which are used to produce certain results have,
inmost cases, been arrived at, not by processes
of scientific reasoning, but by purely empirical
raies. Although the art of pyrotechny is re¬
garde! as a chemical one, it embraces many
mechanical considérations and détails which are

oi no less importance to the production of
scenic displays than those which are more
distinctly chemical.

For convenience the subject may be sub-
divided as follows :

1. Préparation of mixtures.
2. Manufacture of cases.

3. Loading of cases.
4. Various accessories, as quick-match,

touch-paper, leaders, port-fires.
1. The mixtures used in pyrotechny are

called compositions or fuses, and their prépara¬
tion requires some care. In this branch of the
work a knowledge of chemistry is of the greatest
importance to the pyrotechnist, in order that he
may not only get the best results out of his
materials, but also that he may avoid the dangers
which attend the use of the highly explosive
combinations he bas to deal with. Many mix¬
tures also are liable to undergo chemical décom¬
position, so that they can only be employed

when the firework is to be used within a short
time of its manufacture. Other mixtures are

liable to more rapid spontaneous décomposition,
resulting in the ignition and explosion of the
materials.

In former days most mixtures were more
complex, containing more ingrédients than those
used at the présent time ; particularly is this
the case with mixtures for eoloured effects.
This is doubtless due chieflv to the greater
purityof modem chemicals, for it is well known
that a strontium sait, for example, which con-
tains any quantity of a sodium sait with it will
have the crimson colour it imparts to a flame
more or less completely masked by the yellow
of the sodium. In fact, the purity of the sub¬
stances used is a point of the highest impor¬
tance.

The staple materials employed in a great
number of fuses are potassium nitrate (known
as 1 petre '), sulphur, charcoal (' coal '), and meal
powder (' meal '). The addition of either 'petre'
or ' meal ' to a fuse lias the effect of making it
quicker, while the addition of sulphur slaekens
it ; e.g. quick-mateh made from meal, 6 parts ;
sulpiliur, 1 part, burns with the greatest violence ;
while that made from meal, 1 part, and sulphur,
1 part, will scarcely burn at ail.

The nitre used is always in the form of
meal. The sulphur should be crushed lump in
preference to flowers ; in either case it must be
carefully washed free from acid and dried.
Most manufacturera avoid the use of ' chemical
charcoal,' as it is termed—i.e. charcoal which
has been made by distillation in retorts for the
manufacture of pyroligneous acid. The weighed
materials are thrown upon a table, rolled down
with a wooden roller exactly resembling a cook's
rolling-pin, and thoroughly mixed by bèing
sifted together through sieves. Every pyrotech¬
nist has his own particular formulas, which are
usually kept more or less as trade secrets ; the
variety of mixtures which are used for the same
firework will be seen from the following in¬
stances :—

Rockets.

Sulphur . 8 1 1 2 4 2 4 8 4 12 1 1
Charcoal . 27 2 2 12 8 4 7 11 5 17 2 4
Nitre 36 4 4 20 16 9 16 32 16 50 5 8
Meal powder 6 2 1 1 3 — — —' — ■■— — —

Roman candies.

Sulphur .... 1 2 2 3 3 4 4 7 '
Charcoal .... 2 3 3 3 1 1 3 8
Nitre .... 4 2 9 8 4 5 8 21
Meal powder 3 8 4 3 5 4 8 12

Tourbillons.

Sulphur .... 1 3 3 7 3 4 4 2 4
Nitre 4 16 5 10 8 17 17 4 8
Charcoal .... 2 8 3 4 3 4 0 — —

Meal powder .... 1 8 11 24 16 — — 4 9
Steel filings .... — — — 8 6 — — — —

Cast-iron borings .
— — — — 6 8 3 4
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It is in the préparation of mixtures for
colour effects that the purity of the chemicals
is of the greatest importance. Coloured stars
for shells, Eoman candies, rockets, &c., eonsist
of small compacted masses of composition ;
they are called ' eut ' or ' naked ' stars, and
' pill-box ' stars, according to the method of
their manufacture. ' Naked ' stars are made by
moistening the composition with a solution of
either gum, shellac, or with starch, spreading it
out upon a slab with a spatula, and marking the
surface by cross parallel lines into small squares.
When nearly dry, it is broken up by the marks,
and exposed until dry. The rough edges obtained
by this method enable the star to ignite readily.
Stars made this way must contain nitre as
the oxygen supply, and not potassium chlor¬

ate ; for although chlorate mixtures bum more
fiercely, they are more difficult to ignite.

The following formulœ are for constructing
' naked ' stars, known as ' cornet ' or 1 tailed '
stars :—

Sulphur . 5 24 2 1 2
Nitre 5 24 9 — 10 20
Charcoal . 2 8 2 3 6 12

Vegetable black. 1 3 3 6 — —

Meal powder 8 30 6 1(5 5 7

' Pill-box ' stars are made by eompressing the
dry composition into short cylinders of paper,
and inclosing a piece of quick-match for their
ignition. These ail contain chlorates, as will be
seen by the following formulas :—

Blue stars with sugar Blue stars without sugar

Potassium chlorate 8 36 40 6 40 5 40 6 8 2 5
Calomel .... 4 18 24 5 — 4 20 2 2 — —

Suear .... 5 12 12 4 9 —

Copper sulphide. 3 22 12 — 22 4 20 — 2 — 1
Stearin ....

— 1 1 — 2 —

Oxychloride of copper — — 3 — — — 2 — — 1 1
Ammonium chloride .

— — — — 6 -
— — — — —

Copper filings —
—

— 1 — — — — — — —

Shellac ....
— — — — — 1 5 — — — —

Sulphur .... 3 4 1 2

Copper oxide — — — — — — — 1 1 — —

The use of copper chlorate is practieally in¬
admissible, on account of its deliqueseence, as
well as its danger. The well-known substitute
(obtained by dissolving copper sulphate and po¬
tassium chlorate together in water, evaporating
to dryness, moistening with ammonia and again

drying), called Chertier's copper, although yield-
ing excellent blues, is practieally abandoned by
manufacturers on account of its liability to
explode.

The following formulée may be used for red,
green, and yellow stars :—

Red Green Yellow

Potassium chlorate 16 8 16 28 16 8 1 6 8 4 12 4

Sulphur ..... 5 6 — — 5 7 1 1 — —
— — 1

Charcoal 1 1 — — 1 1 — — — — — — —

Calomel — — — 12 — —
— — 5 — — — —

Shellac — 1 — — — 2 — — — 2 1 3 —

Sugar —
— 7 12 — — — — D — — — —

Strontium nitrate . 16 16
Strontium carbonate — — 11 5 — — — —

—
— — — —

Barium nitrate — — — — 16 21 — — 7 — — — —

Barium chlorate 3 2 4 3 — — — —

Sodium oxalate 3 2 8 1

Coloured mixtures are sometimes made up with
magnésium filings, to produce specially brilliant
stars and asteroids. These vary only slightly

from the above formulas, with the addition of
magnésium filings ; one illustration of eaeh for
red, green, blue, yellow, andwhitemay be quoted.

Red Green Blue Yellow White

Potassium chlorate.... 2 5 4

Sulphur 2 1 2 — 4
Charcoal 1 — — — —

Shellac — 3 1 1 — -

Calomel — . — 2 — —

Magnésium filings .... 2 2 2 1 2
Strontium nitrate .... 8 — — — —

Barium chlorate ....
— 12 — —

—

Copper oxychloride — — 2 — —

Sodium oxalate ....
— — — 2 —

Potassium nitrate .... — — — — 12

Antimony sulphide .
— — — — 1
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2. Tlie manufacture of cases.—Ail cases are
made of paper, and the sélection of the paper is
a point of some importance. The paper varies
in quality and stoutness, according to the par-
ticular kind of firework to be made and to the
amount of strain whieh will be put upon the
case. In some instances the material of the
paper influences the character of the display
produced by a particular firework. For example,
the Japanese ' spur fire,' which on burning
thiows scintillations of a peculiar beauty, owes
this quality partly to the spécial paper of which
the case is made, for if the same mixture be
iutroduced into a case made of another paper it
will be found to have lost to a large extent the
property of throwing out these characteristic
scintillations. Most of the papers used are of a
superior quality, as it is found that greater
strength can be obtained by the use of a smaller
quantity of a good paper than by employing
more of one of inferior quality ; paper which is
1 loaded1 or adulterated cannot be used. The
majority of cases are made of brown paper, al-
though some, and more especially the smaller
sorts, as crackers, Catherine wheels, &c., are al-
ways made of white eartridge. In a large factory
several scores of différent papers will be used.
The paper is eut to the various sizes required
by cutting machinery, and into certain spécial
irregular shapes by dies.

Owing to the great variety in size required,
the cases are ail made by hand, and, but for
slight variations, in the same manner. The
tools employed are of the very simplest descrip¬
tion, consisting of a wooden or métal roller
called the ' former,' and a short wooden board

IIIIIUIIlllllllllllllllMllllll IMII! ; il 1 1 !
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with a handle on one side, known as the ' rolling
board.' For the larger cases the paper is pasted
over its whole surface, and rolled round the
'former,1 the opération being done on a narrow
slate table. The rolling board is then passed
rapidly over it a few times with a firm steady
pressure (fig. 1).

The former is then withdrawn, and the case
stood on end until it is so far dry that it can be
laid on its side without risk of its losing its
cylindrical shape. They are then stacked in
bins in a chamber through which a current of
YYarm air is circulating, in order to render them
perfectly dry. In many fireworks the cases have
to be partially closed, or constricted near to one
end. This is technically known as 'choking.'
It may be effected in two ways, either by corn-
pressing the walls of the case to the desired
extent, or by partially filling the mouth of the
case with clay. When the first of these plans is
adopted, the opération is performed when the

case is freshly made, and only partially dry.
For small fireworks it is done by means of a
hand lever, made of two blades of steel, and
screwed to the edge of the table (fig. 2).

For larger cases a foot lever is employed. A
noose of cord is looped round the case, one end
being fastened to a hook in a wall, or upright
post, while the other passes over a wheel to a
lever upon the floor, which can be worked by
the foot. As the cases have to be choked down
to a certain definite orifice, a ' choking-pin '
(fig. 3) is inserted at the time the constriction is

Fig. 3.

being made, whieh also secures another essential
condition, viz. that the choke shall be central.
The case is tied round the choke with a string
suitable in thickness to the size case, and the
whole is then allowed to dry.

When the constriction is effected by means
of a clay plug, the opération is performed at the
time of loading.

For small cases the paper is pasted only
along the edges ; the former, in this instance a
thick métal wire, is placed nearly in the middle

Fig. 4.

of the paper. One end is then folded over nearly
to the other, and the double paper rolled over
the former (fig. 4).

The case may be closed at one end by folding
the paper in upon the end of the former. These
cases require no spécial drying. Light cases,
such as these, are usually made by women, one
operator being able to turn out many hundreds
in an hour.

Besides cylindrical cases, there are cases
made in the form of a sphere, known as ' shells.'
These shells, which are constructed of various
sizes, up to even 24 inches in diameter, are
made by a process technically known as the
' wet-broke ' process. Brown paper of a spe-
eially good quality is thoroughly pasted on both
sides ; strips are then fora from the pasted
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length, and laid upon the inside of a hemi-
spherical bowl or mould, the strips radiating
upwards from the centre to the circumference,
the ends lapping over the edge of the mould ;
the workman continues this process until the
desired thickness of paper is obtained, which
will vary according to the size of the shell from
about to 1 inch. It is then removed from the
mould and allowed to dry, when it présents
the appearance shown in fig. 5. These hemi-
spheres are then placed in a lathe, and the
ragged lips or rims carefully turned off. A good
workman will so turn out these paper hemi-
spheres, that the eut edge shows a most beautiful
and perfectlyhomogeneous section. Twoof these

Fig. 5.

hemispheres are securely glued together to form
the complété shell. These shells are destined to
carry coloured stars, and to be fired from a
mortar ; the mould in which they are made has
therefore a slightly raised ridge running part of
the way down from the circumference, which
produces a corresponding indentation, or ' dimple '
in the shell, which allows of room between the
shell and the side of the mortar for communi-
cating the fire to the propelling charge below.

3. Loading the cases.—This opération varies
in détails according to the spécial firework to be
filled, but, broadly speaking, it may be divided
into two sections, viz. loose-filling and ramming.
The apparatus employed in the first of these
methods is a métal funnel, of an elongated
shape, and a wire, the opération being known as
' wire and funnel ' filling. The wire is usually
square, and of such a thickness that it will just
pass through the end of the funnel. The case
to be filled, if a choked case, is placed upon a
stand with its choked end fitted upon a nipple
fixed for its réception ; the nose of the funnel is
then inserted into the open end of the case, and
by drawing the wire quickly up and down the
composition is driven uniformly into the case.
When full to the required height, usually deter-
mined by a mark upon the wire, the case is
closed up. With small fireworks (such as squibs
&c.) this is done by firmly squeezing the end of
the case with a tool known as the ' closing-in '
machine, and finally dipping the end into a
composition, usually red in colour, and techni-
cally called ' dip.'

Glue and red-lead is the most common mix¬
ture for ' dip.'

Long narrow cases (such as are used for
crackers and Catherine wheels) are filled without
the use of a stand. For the last-named of these
fireworks no spécial tools are required, the long
narrow tube being wound by hand upon a small
wooden disk, and secured by strips of tape or
paper glued across. In the manufacture of
crackers two spécial pièces of apparatus are em¬

ployed. The first is a rolling or flatting machine.
The filled cases are passed between the rollers
of this tool, and thereby squeezed fiât, the pres¬
sure being carefully regulated to the required
degree. The other tool is the bending machine.
It consists of two upright rectangular brass
pillars fastened to a base at such a distance apart
as to allow of four of the fiattened cases to lie
abreast between them (fig. 6). The cases are bent

Fig. 6.

backward and forward over steel wires about the
thickness of a stout steel knitting-needle, until
the requisite number of bends is obtained ; they
are then pressed firmly down with a piece of
wood, and removed from the machine. The
wires drop out, and are ready for the next set of
cases. '

The bent cases are then tied up into the
familiar compact form with a suitable thread,
and the ends primed in the usual way with
touch-paper.

Of the second method of loading cases, in
which the composition is rammed in, two illus¬
trations may be given, viz. the Eoman candie,

Fig. 7.

in which the mixture is gently rammed, and the
rocket, in which it is ' malleted.' The case
for a Eoman candie is a straight or unchoked
one. It is placed upon a block, called a ' settle,'
the projecting core a of which (fig. 7) exactly fits
into the case.
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A small quantity of finely-powdered and
sifted clay is first introduced, and tightly driven
down by means of the ' ranimer,' a wooden rod,
whicb loosely fits into the case. A few smart
blows from a mallet upon the head of the
ïammer will compress the clay into a solid mass,
which should occupy about A an inch up the
case. Fine potters' clay is usually recommended,
butLondonpyrotechnistsusethe commonLondon
clay. The use of plaster of Paris instead of clay
bas been introduced by the Americans, and is
said to be much superior. The plaster is mixed
with a little water until of about the consistency
of soft putty ; a pellet is moulded with the
fingers, dropped into the case, and gently pressed
by the rammer. The case is next to be filled
with composition, and coloured stars, alterna-
ting. Each layer of mixture is introduced in two
quantifies, and rammed down by simply ' jump¬
ing ' the rammer. If more force is applied the
stars are liable to be crushed. Care is taken to

regulate the charge of mixture, so that each star
shall, as far as possible, be blown out to the same
distance. Various devices are adopted to secure
the ignition of the star, to prevent it becoming a
' blind star ' as it is termed, one being to make
the stars with a hole in them, which is primed
with a piece of quick-match.

Eockets are loaded by the mixture being
forcibly rammed into the case by a mallet, and
as this firework is in some respect of a spécial
construction, in which the exact relation of ail the
parts to one another has to be made with much
nicety, its construction may be described at
greater length. The rocket is a hollow firework,
and therefore has to be eonstructed with spécial
tools. (Yery small rockets are often packed solid,
and a hole bored up the inside with a common
drill.) These consist of a steel conical spindle, or
core, firmly screwed into a base of either hard
wood or brass, the length and thickness of this
spindle varying for each size rocket, a set of
wooden rammers, or drifts,' of différent lengths,
and having a cylindrical hole bored nearly up to
the head. The number of drifts required for

Fig. 8.

cach rocket dépends also upon the size; for
larger cases four are used. Formerly a ' mould '
was employed ; this was a strong wooden jacket,
to surround the case during the loading opéra¬
tion, to prevent it from splitting ; but this is
never employed by the manufacturer to-day,
owing to improvements in the case-making, re-
sulting partly from the use of better paper. The
case to be charged is placée! upon the spindle,
which must be stood upon a massive wooden or
stone block to prevent vibration. It would be
quite impossible, for instance, to load a rocket
tightly if hammered on a wooden table or floor.
If the case has been previously choked by con-

striction a rammer with a rounded end, a (fig. 8),
and technieally ealled the ' setting-down piece,'
is introduced, and driven down with a few sharp
taps with a mallet : this is to smooth out any
wrinkles in the choked end. To prevent the
choke from becoming enlarged by being burnt
away a small quantity of clay is introduced, and
well ' malleted ' in with the longest drift
c (fig. 9). Except in the case of the largest
rockets, most manufacturers prefer to use a
straight case, and choke it at the time of loading
by ramming in a layer of clay, straight cases
being easier and cheaper to make than choked
ones ; with large rockets, however, there is some
risk of the clay choke being blown out. Fig. 9,
drawn to scale, shows such a case, with
the clay choke and spindle. The composition
is introduced into the case in 12 equal quan¬
tités, measured by a scoop made to hold the
exact amount. Each scoopful is malleted well
in, the workman being careful to give the same

Fig. 9.

number of blows—usually 18 to 20—and of as
nearly equal force as he can judge. As the load rises
in the case a shorter ' drift,' with a smaller bore
is used. The longest drift, whieh must be bored
large enough to admit the spindle at x, will be
8 times the diameter of the case, exclusive of
its head. When the composition reaches one-
third up the spindle y (fig. 9), which is known by
a mark on the drift, the second drift is brought
into use ; the ramming is continued with No. 2
until the load reaches z (fig. 9), again aseertained
by a mark on the second drift. The third drift
loads up to the top of the spindle, when the
hollow drifts are replaced by a solid one, c (fig. 8).
The drifts diminish in length by 2 diameters of
the case, the three hollow ones being respec-
tively 8, 6, 4, while the solid one is 2 diameters,
the ' setting-down ' piece being the same length
as the longest drift, but with a round end. The
case is filled to within about 1 diameter of the
top, and then a layer of clay is driven down.
The case is removed from the spindle by a
gentle twist or turn in one direction only. The
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nomenclature adopted by the manufacturers
to dénoté various sizes in rockets is the old-
fashioned and arbitrary one of ' pounds ' and
' ounces '—these weights referring not to the
weight of the rocket, but to the weight of a
leaden bail of the same diameter as the mould
formerly used for loading. As every maker
varies in the thickness of his cases, this conveys
no exact criterion of the real size of the rocket.
By général consent, a case of 1^-inch bore is
called a ' pound ' rocket, and a -|-inch case an
'
ounce ' rocket. The following table gives, in a

convenient form, the exact sizes of the various
parts. The inside diameter is given in eighths
of inches, and the relation which should subsist
between this measurement and that of thickness
of the case, length, and thickness of the stick,
will be seen at a glance
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The stick may be attached to the rocket by
being securely tied with string near to the two
ends of the case. Modem manufacturers usually
bind upon the rocket case a smaller case, just
large enough to admit the end of the stick when
it has been roughly rounded. Two short spikes
are driven into this rounded part of the stick,
which, on being thrust up into the case and
twisted, cause it to hold very securely. A rocket
when laid across the finger should just balance
when the point of support is about an inch along
the stick, away from the mouth of the case.

The weight of composition required to load
a rocket may be found by the following formula,
where d = internai diameter of case in eighths of
inches :—

d3
_ = number of drachms.
9

Q

e.g. the charge for a - (so-called1 pound ' rocket) =
y

03
— =81 drachms = 5 ozs. 1 dr.
9

Bockets are always made to earry up a load
of various combustibles ; these are contained in
a slight paper case, known as the 'pot,' which
is glued to the head of the rocket. This pot is
to be burst, and its ignited contents thrown out,
at the moment the rocket reaehes the top of its
flight, and before it has turned over. The burst-
ing of the pot, and the inflammation of its

contents are secured by a small quantity of
powder, known as ' bursting powder,' the weight
of which is usually about J the weight of the
materials in the pot. This 'garniture' of a
rocket may consist of a variety of things, such
as gold or silver rain, coloured stars, magnésium
stars, parachutes, whistling fireworks, &c.

Bockets garnished with parachutes are called
' asteroid rockets.' The parachute is made of
thin alpaca, silk, or tissue paper. The latter
has to be strengthened by a thread of cotton
round its edge, and the paper thoroughly softened
by aprocess of crumpling, to insure the parachute
opening when thrown out. Suspended by
threads from the parachute is the case, loaded
with coloured compositions, usually layers of
différent mixtures, so that the colour may
change as the parachute sails along.

The whistling firework consists of a short
paper case, closed at one end, and charged with
a composition consisting of picrate of potash
3 parts and nitre 2 parts, or the picrate 15 parts
mixed with asphaltum 1 part. The case is not
choked, nor is the mouth shaped ; but on igni-
tion the outrushing fiâmes and gas émit a shrill
weird whistling sound, gradually rising in a
' crescendo ' to a maximum loudness and then
falling with a rapid diminuendo. Usually five
of these are loaded into a 'pot' to garnish a
rocket.

The weight of the load which a rocket can
safely be made to earry is the same as that of
the composition with which it is filled ; thus a
| (' pound ') rocket can be made to earry up a
load of 5 ozs. 1 dr.

Of ail the materials which can be used to

garnish rockets, that which produces by far the
most brilliant effect for the weight and cost is
phosphorus ; but the extreme danger attending
the manipulation of this substance has prevented
its use by pyrotechnists to any extent. Patents
have been taken from time to time with a view
to diminish or overcome this difficulty. One of
these consists in packing the phosphorus, eut in
short sticks of about 1 inch, into a perforated
paper cage, which has been previously dippedin
melted paraffin wax. The cage, with its load, is
immersed in a tin can of water until required.
When the rocket is ready to be fired, one of
these paper cages is taken, the excess of water
drained off, and the cage introduced into the
rocket pot, into which it just fits. On the
bottom of the pot a layer of bursting powder has
previously been placed, and covered over with a
thin piece of waterproofed paper.

When the phosphorus is introduced the cone
is fitted in and the rocket fired.

4. Touch-paper is made by impregnating a
thinpaper—by général consent, blue—with potas¬
sium nitrate. The paper commonly employed
is 12-lb. double crown. The sheets are spread
out and brushed over on one side only with
a solution of nitre, containing 1 oz. of the sait
to a, pint of water. The paper is used for
enveloping the live end of fireworks.

Slow-match is prepared by soaking blotting
paper in a solution of lead nitrate. Blotting
paper is brushed on both sides with a solution
containing 2j ozs. of the nitrate to a pint of
water. When dry six layers of the paper are pasted
together and pressed fiât, forming, when again
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dried, a stiff board. This is then eut into suit-
able strips with a sharp knife.

Quick-match is made by impregnating eotton
with a mixture of starch paste and meal powder.
Meal powder is stirred into hot thin starch paste
until it has the eonsistency of paint and is quite
smootk. Lamp cotton, with six or eight strands,
is then coiled into the vessel containing the
'meal paste,' the cotton being pressed carefully
down with a wooden stick to insure its being
thoroughly soaked. It is then wound out on to
wooden frames, usually about 6 feet high and
11 feet wide ; these frames are provided with
pivots, so that they can beswung upon a support.
The frame is turned slowly over and over by one
workman, while a second feeds out the cotton
through his hand, rounding the wet thread with
his fingers as it passes. The frame is then laid
down and meal powder sifted first on one side
and then on the other ; the cotton is then al-
lowed to dry. When eut it ought to show a
perfectly black section. It is preserved in long
boxes, as it is necessary to guard it from getting
cracked.

Leaders consist of thin paper tubes, through
which quick-match is threaded, in order to con-
vey tire rapidly from one firework to another.
The tubes have to be such a size as to allow the
match to be introduced without any forcible
pushing. The more closely the match fits the
pipe the more rapidly does the combustion
propagate itself through the length. The pipes
are made to any length by slightly pinching the
end of one piece and pushing it into the next,
the join being bound over with a slip of pasted
paper. They can be made to take various angles
kycutting awaythe paper atthe elbow of the bend.

Port-fires consist of cases about 10 or 12
inches long, made very thin, usually three or
four turns of paper only, and § or ^-inch bore,
filled with a slow burning mixture—such as nitre
6 parts, sulphur 2, meal powder 1.

One or two technical applications of pyro-
techny other than the manufacture of fireworks

for spectacular display may be briefly men-
tionerl.

The so-called ' drain rocket ' is specially
made to émit large volumes of smoke, and often
a powerful stench, and is used to detect leaks
and stoppages in drains. In so far as it does
not travel, but is stationary, the term rocket as
applied to it is a misnomer. The ' trawler's
flare ' is a useful firework to enable fishermen to
see the floats and buoys of their nets by nigbt.
It consists of a case about 4 inebes long and
1 inch diameter, filled with a flaring mixture,
and attached to a wooden handle. An ingenious
device is adopted to enable the men to light
them in wind and rain. When the cases are

loaded a small quantity of a chlorate of potash
mixture is spread on the end ; this is then papered
over, a strip of tape being laid under the paper
and its end left projecting as a little 'tab'
against the side of the case. The handle is
bored out, and into the hole fits a little wooden
stopper or plug, the tip of which has been eoated
with red phosphorus. To ignite the flare the
sailor pulls the tab and peels off the paper cover-
ing, and rubs the end of the wooden stopper
across the mouth of the firework, when the mix¬
ture is inflamed.

A modified form of rocket is used as a means

of carrying a thin line to ships in distress round
the coast, forming a part of what is known as
the ' rocket apparatus.' These rockets are a
combination of two rockets in one case, one
being a continuation of the other, so that when
the discharge of the first compartment has
carried the instrument to its full height the
second is ignited and gives it an additional im-
petus, thereby greatly increasing its range.

G. S. N.
PYROXYLIC SPIRIT {crude Metliyl alcohol)

V. methyl alcohol.

PYROXYLINE v. Photogkaphy.
PYRRHOTINE (Ferrons sulphide) v. Ikon.
PYRROL v. Bone oïl.

PYRROLINE v. Bone oïl.

QUARTATION v. Assaying.
QUARTZ. An old German mining term, now

used as a generic name for ail the native forms
of crystallised and crypto-crystalline silica, ex-
cepting the rare minerais, tridymite, asmanite,
and lussatite. Quartz crystallises in the hexa¬
gonal System. For détails of its crystallisation
(acomplex subject of no technological interest),
». G. Rose, Abh. Ber. Ak. 1846 ; Des Cloiseaux's
Mémoire, 1855 ; and E. Weiss, Abh. Nat. Ges.
Halle, 5,1860, 53. The cleavage of quartz is
rhombohedral, but usually imperfect, the minerai
generally showing a conchoidal fracture. The
hardness (7), sp.gr. (mean 2-65), and vitreous
Jnstre are useful aids in distinguishing quartz
fiom other minerais. It is practically insoluble
in aoids, except hydrofluoric, and infusible, ex-
cept before the oxyhydrogen blowpipe. C. V.
Boys has obtained fibres of quartz of excessive
tenuity by rapidly drawing out the fused minerai

Vol. III.—T

by means of an attached arrow, shot into the air
from a trigger-bow. Such fibres, being strong
and elastic, may be advantageously used as tor¬
sion-fibres in delicate physical experiments
(P. M. [5] 23,1887, 489). Boys has also shown
that quartz, espeeially after fusion, is a valuable
insulator of electricity, even in moist air (P. M.
[5] 28,1889, 14).

Many varieties of quartz are eut and polished
for use as ornamental stones. Transparent and
colourless quartz, termed Bocle-crystal, is often
known locally as ' diamond,' but even when
judieiously eut it lacks lustre. ' Carrara dia-
monds ' are beautiful limpid crystals, found in
cavities in Carrara marble ; butmostrock-crystal
occurs in granité, gneiss, and other siliceous
rocks. On the disintegration of such rocks the
crystal is set free, and, being washed into
streams, may ultimately form rolled pebbles.
The ' pebbles ' for spectacle-lenses are mostly
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obtained from Brazil and Madagascar. They
should be eut at right angles to the axis o£ the
prism, to avoid double refraction. Lenses of
erystal are readily distinguished from those of
glass when placed betvveen crossed tourmalines
in the polarising-pincers. In the Cinque Cento
period rock-crystal was largely employed for
ornamental carvings, and it is still highly prized
for this purpose in China. Spheres of rock-
crystal, often exhibiting marked double réfrac¬
tion, are eut in Japan, and, of late years, have
heen worked in Germany. By some of the
Indians of North America erystal was formerly
used for arrow-heads. Bock-crystal not unfre-
quently eontains cavities with liquid, or is pene-
trated by acicular crystals of actinolite, sehorl,
and other minerais. Crystal traversed by needles
of rutile, is generally known to jewellers as
' Cupid's arrows ' or ' Venus's hair.' In rain-
bow quartz irideseent effects are produeed by
the interférence of light reflected from the walls
of minute fissures. The chatoyant eiïect of
common cat's-eye is due to parallel fibres of an
asbestiform minerai traversing the quartz (v.
Crocidolite). Quartz cat's-eye is obtained from
Ceylon, and from Hof in Bavaria. Dull green
quartz, inclosing actinolite, is calledprase.

Bock-crystal frequently assumes a brown
tint, and is then known as smoky quartz, or
smoky topaz. The coiour has been referred to
the presence of a volatile carbonaceous sub¬
stance, since the crystal, on exposure to mode-
rate beat, becomes yellow. Fine specimens of
smoky quartz occur at Pike's Peak, Colorado ; in
Siberia, and in Madagascar; but the largest
have been found in Switzerland. A great num-
ber of gigantic crystals were discovered in 1868
on the Tiefengletscher, in Canton Uri. When
the coiour is very dark, the crystal appears black
by reflected light, and is then termed morion.

Yellow crystal, sometimes called citrine, is
known popularly as ' topaz ' ; hence we hear of
' Scotch topaz,' ' Spanish topaz,' &o. (v. Cairn-
gorm). Bed and yellow quartz, more or less
opaque by the meehanical inclosure of ferrie
oxide or the hydrate, is termed by German
mineralogists, Èisenkiesel. The rose-quartz,
found in Bavaria and in Finland, becomes pale on
exposure, and is not often eut as an ornamental
stone. The sapphire quartz, of Golling, in Salz-
burg, eontains inclosures of blue crocidolite.
Aventurine is quartz with golden spangles, due
to flakes of mica or scales of iron oxide. The
ordinary brown aventurine is obtained chiefiy
from Spain and Siberia, but a rare green variety
was brought by Colonel Seton Guthrie from
Madras. Much of the common so-called aven¬

turine is simply a reddish-brown spangled glass
from Yenice, easily detected by its inferior
hardness.

Amethyst is a term formerly restricted to the
purple or violet varieties of quartz, valued in
jewellery, since they are the only gem-stones
worn in mourning. At about 250°C. most ame-
thysts become yellow. The finest specimens
occur in Brazil, Siberia, and India, and in the
interior of the agate geodes of Uruguay. At
Amethyst Mountain, in the Yellowstone National
Park, the minerai is found lining cavities in
silicified wood. Amethyst commonly occurs as
an aggregate of crystals, the pyramidal summits

only being free, while the united prisms, known
to lapidaries as ' root of amethyst,' exhibit on
fracture a characteristic rippled appearance.
Brewster applied the term ' amethyst ' to ail quartz
with this wrinkled fracture. Optical examina-
tion reveals the composite character, suggested
by the irregular distribution of coiour, showing
that the minerai is built up of laminse, with al-
ternate right- and left-handed polarisation. Ail
quartz showing this structure, wliatever its
coiour, is now usually termed amethyst.

Under the name of chalcedony are comprise!
various quartzose minerais, which appear to be
aggregates of crypto-crystalline and colloidal
silica, the latter being removable by solution of
eaustic potash (v. Flint). Typical chalcedony
is a translucent minerai, with a waxy lustre and
fibrous structure, usually occurring in mammil-
lated, botryoidal, and stalactitic forms, lining
agate geodes and hollow flints. Many of the
coloured varieties are largely used as ring-stones
and for engraved seals. Common chalcedony is
generally of bluish-grey coiour ; the red varieties
are known as carnelian and the brown as sard

(v. Agate). Chrysoprase, found chiefly at Kase-
miitz, in Silesia, is a bright-green chalcedony,
coloured by nickel oxide, and formerly used
largely in jewellery, especially when set with
diamonds. Plasma is a dull-green chalcedony,
while héliotrope, or ' bloodstone,' is a similar
minerai with spots and veins of vivid red coiour.

Another group of quartzose minerais is
formed by the jaspers, comprising ail the co¬
loured opaque varieties which présent a compact
texture (v. Jasper). F. W. B.

QUASSIA (Bitter-wood, Bois de Quassia, Fr.;
Quassiaholz, Ger.). The wood of Picrœna ex-
celsa (Lindley), a large ash-like tree inhabiting
the plains and lower mountain slopes of Jamaica.
and neighbouring islands (v. Bentl. a. T. 57).
Formerly the quassia of commerce was derived
from the allied South American tree Quassia
amara (Linn.), and the wood of this tree is still
employed on the Continent. Picrasma quas-
siodes (Benn) and Samadera indica (Gârtn.)
also furnish a very similar wood (Ph. [3] 2, 644
a. 654; '20, 41). The intensely bittertaste of the
wood of P. excelsa is due to the presence of
about 0'03 p.o. of a neutral crystalline substance,
quassin. Compounds possessing similar proper-
ties have been isolated from the other trees
mentioned ; indeed it was from Q. amara that
quassin was first isolated by Winckler (B. P.
54, 85 ; 65, 74). It was analysed and further
studied by Wiggers, who obtained it from au
aqueous infusion of the wood, after séparation
of pectinous constituents by means of lime or
lead carbonate, by evaporation to dryness and
extraction with alcohol. The alcoholic solution
yielded a crude quassin, which, after purifica¬
tion, assumed the form of white opaque prisms.
Dissolved in water, quassin thus obtained gives
no precipitate with chlorine, iodine, mercuric
chloride, or salts of lead or iron, but forms an
insoluble compound with tannin (A. 21, 40).

Improved metbods for the préparation of
quassin were proposed by Christensen (Ar.
Ph. [3] 20, 481), and by Adrian and Moreaux
(Bép. de Pharm. 11, 246). Christensen préparés
an insoluble tannate directly from a neutralised
aqueous infusion of the wood, and this, decom-
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posed by lime or lead carbonate, yields a crude
quassin to alcohol. Adrian and Moieaux take
advantage of the easy solubility of quassin in
alkalis, and extract the wood with water con-
taining alkaline carbonate. The infusion is
evaporated and treated with alcohol, when a
solution is obtained which, after several pro¬
cesses of purification, yields quassin in crystals.

According to Oliveri and Denaro (G-. 14, 1 ;
15,6),\vko employ for its préparation a modified
form of Christensen's method, quassin consists
of slender colourless iridescent needles, which
melt at 210-211°. It has the formula C32H42OI0.
It is very soluble in alcohol, chloroform, and
acetio acid, but nearly insoluble in ether. 100
parts of water at 22° dissolve 0-253 parts of
quassin. Heated with hydrochloric acid in a
closed tube, it yields two molécules of methyl-
chloride and quassic acid C.i0H38O,0,H2O, a eom-
pound melting at 245° and crystallising in silky
needles. Oliveri and Denaro are thus led to
regard quassin as a dimethyl ether of quassic
acid, C28H3liOB(COOCH3)2. The composition of
the metallic salts of quassic acid also shows that
it is dibasic. Oliveri (G-. 17, 570), by acting on
the acid with hydroxylamine hydrochloride,
obtains a dioxime, C2SH3S08(C:N0H)2, in yellow
prisms which melt at 228-230°. The existence
of this compound indicates that quassic acid
contains two ketonic CO groups. That this is
also the case with its dimethyl derivative,
quassin, is further shown by Oliveri (G. 18,
169) by the formation of a phenylhydrazine
compound, C30HcO8(CN.NHC6H5)2, by the action
of that reagent on quassin.

Quassin reduces Fehling's solution, but when
it is heated with dilute sulphuric acid no glucose
is forrned. By this treatment it loses a molé¬
cule of water, forming an anhydride, quas-
side, C32HJ0O9. This compound, which is white,
amorphous, andbitter, melts at 192-194°, and
when boiled with dilute alcohol, takes up again
a molecule of water, quassin being re-formed.
Quassin may also be converted into the anhydride
byheatingwith acetic anhydride, oreven byheat
alone at 150° in a current of dry air. If brom-
ine be présent tribromoquasside, C32H3.Br3Os,
results. If quassin be heated with acetic anhy¬
dride in presence of sodium acetate the dehydra-
tion goes further. In this case two molécules
of water are removed, and a second anhydride,
CjjHjjOj, a white, pearl-like, amorphous mass,
melting at 150-158°, is obtained. Bromine
forms with quassin a substitution derivative
melting at 155°, bromoquassin, C32H41Br309 (?),
and phosphorus pentachloride yields pentachlo-
roquassin, C32H30C13Ob (?), a yellow powder melt¬
ing at 119°. A nitro- derivative melting at
130' also exists (D. and O.). When quassin is
heated with concentrated hydriodic acid and
amorphous phosphorus it yields, among other
products, isodurene, C1(iHh, and a hydrocarbon,
ChH16, which boils at 220-240° (Oliveri, G. 17,
575).

From the recent investigations of Massute
(Ar. Ph. [3] 28, 147) it would appear that the
bitter crystalline eonstituents of the différent
trees mentioned at the beginning of this article,
though similar, are not identical. By an im-
provei process this observer obtains from the
wood of Q. amara four bitter crystalline quas-

sins, oue of which corresponds with the quassin
of Oliveri and Denaro. The others are pro-
bably methyl derivatives of this with higher
melting-points. From P. excelsa the same
chemist obtains two crystalline compounds
which are designated picrasmins. They differ
in composition from the quassins, but appear
also to be methyl derivatives or homologues.
One of them yields, by the action of hydro¬
chloric acid, picrasmic acid, homologous with
the quassic acid of Oliveri and Denaro.

Quassia is sometimes used as a substitute for
hops in beer. For methods of its détection see
Dragendorff (C. C. 1881, 285 and 299), Allen
(An. 1887, 107). A. S.

QUASSIC ACID, QUASSIDE, QUASSIN, v.
Quassia.

QUEBRACO or QUEBRACHO BARK, the
bark of Aspidospcrma Quebracho, obtained from
the Argentine Bepublie v. Vegeto-alkaloids.

QUEEN'S METAL v. Tin.
QUEEN'S WARE v. Pottery.
QUEEN'S WOOD v. Brazh, wood.
QUERCETIN v. Hokse chesnut and Quee-

citron bark.

QUERCITE is a pentahydrie alcohol accord¬
ing to Homann (A. 190, 282) and Prunier (A. Ch.
[5] 15, 1). Kanonnikow found that on réduction
it was chiefly converted into aromatic com¬
pounds, and assigned to it the constitution—

^<^SS^>OH(OH).
If Kanonnikow's formula be correct, quercite is
closely related to inosite, and on oxidation
should yield similar products to those obtained
from the latter by Maquenne (A. Ch. [6] 12, 1).

When quercite is treated with nitric acid of
sp.gr. 1-39, first for 12 hours at 20°, and then
for 36-48 hours at 30°, it yields mucic acid and
trihydroxyglutaric acid, but no aromatic com¬
pounds could be obtained either by oxidation or
any other chemical process. Only very small
quantities of the two acids are formed, most of
the quercite being converted into unstable com¬
pounds similar in behaviour to those obtained
from sorbinose and levulose.

These results seem to show that quercite has
not the constitution given to it by Kanonnikow
(H. Kiliani and C. Scheibler, B. 22, 517-520;
S. C. I. 8, 406).

QUERCITRIN v. Glucosides ; also Horse
chesnut and Quercitron bark.

QUERC1TR0N-BARK. This dye stuff is the
inner portion of the bark of Quercus citrina, also
ealled Quercus tinctoria and Q. nigra, a species
of oak indigenous to the United States of
America. The dark outer bark is removed and
the remaining portion is rasped so as to form a
mixture of woody fibre and fine powder, of a
dull buff colour and possessing a bitter astrin¬
gent taste. This dye stuff has been the subject
of examination by several chemists, and al-
though many discrepancies and contradictions
occur in their published statements, and nume-
rous formulas have been assigned to the colouring
principles diseovered, still it Beems to be firmly
established that quercitron-bark contains essen-
tially a glucoside, quercitrin, which, under the
influence of boiling dilute minerai acids, is split
up into the true colouring matter quercetin, and
a sugar termed isodulcite or rhamnose.

y 2
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Quereitrin is prepared, according to Lieber-
mann and Hamburger, by treating the powdered
bark for about 6 liours with 5-6 times its
weight of 85 p.e. alcohol. After concentrating
the filtered hot solution to one-half, a considér¬
able quantity of glacial acetic acid is added, and
impurities are precipitated by the addition of an
alcoholic solution of lead aeetate, avoiding excess.
The lead compound of the impurities is insoluble
in acetic acid, that of the quereitrin is soluble.

Any quereitrin whioh, through the use of
lead aeetate in excess, is precipitated along with
the impurities, may be removed from the pre-
cipitate by boiling it with 10 p.c. acetic acid.
With the right amount of lead aeetate the pre-
cipitate is somewhat dense and of a pale-brown
colour ; with excess, it has a yellowish-brown
appearance.

Having filtered off the lead precipitate of the
impurities, the solution is treated with hydrogen
sulphide, and the filtrate from the lead sulphide
is evaporated to dryness to remove ail acetic
acid. The residue is dissolved in alcohol, then
precipitated with water, and the quereitrin thus
obtained is recrystallised four times from hot
water, at first with the addition of animal char-
coal. Thus prepared quereitrin forms minute
pale-yellow needles, difficultly soluble in ether,
almost insoluble in cold water, and very spa-
ringly soluble even in hot water. It is readily
soluble in alcohol, acetic acid, dilute caustic and
carbonated alkalis. Its ammonia solution ex-

posed to air becomes gradually of a dark-brown
colour. Its aqueous and alcoholic solutions give
with ferrie chloride an intense dark-green
colouration. Ammoniacal silver and gold salts
are reduced. With lead aeetate it gives a yellow
precipitate soluble in acetic acid. It dyes mor-
danted cloth, but the colours obtained are weak
eompared with tliose yielded by the true colour-
ing matter, quercetin.

According to Liebermann and Hamburger,
when dried at 125-130°C. quereitrin has the
formula C36H3sO.,0 (m.p. in air-bath about
135°).

Quereitrin potassium C36H36K2O20 is obtained
as a yellow precipitate by mixing together per-
feetly cold concentrated alcoholic solutions of
quereitrin and potassium hydrate. Exposed to
air in the moist condition it rapidly becomes
brown and resinous ; when dry it forms a yellow
powder, readily soluble in water, but little soluble
in alcohol.

Tetrabromquercitrin C3liH31Br4O20 is prepared
by adding slowly, and in the cold, 4 parts bromine
to 5 parts finely-powdered quereitrin suspended
in glacial acetic acid so as to form a thick
paste. Excess of acetic acid hinders the re¬
action. After twenty-four hours, with fréquent
stirring, the precipitate is collected on a filter,
washed with alcohol, dried on porcelain, and re¬
crystallised from hot alcohol. It forms pale-yellow
crystalline granules readily soluble in alcohol,
less so in glacial acetic acid and in ether, and.
very little soluble in chloroform ; m.p. 229° with
décomposition. It dyes aluminium mordanted
cloth more orange shades of yellow than does
quereitrin.

Acetyl and methyl derivatives of quereitrin
hâve not been prepared in a form suitable for
analysis.

Quercetin. On heating an aqueous solution
of quereitrin with a little diiute sulphurie acid for
about three hours on the water-bath, the solution
becomes almost' eolourless, and the quercetin is
thrown down as a bright-yellow precipitate con-
sisting of minute star-shaped groups of needles.
If the quereitrin employed was pure, the preci¬
pitate merely requires to be washed free from
acid and dried. Quereitrin is insoluble in cold
water, and very sparingly soluble even in hot
water, but is more soluble in hot glacial acetic
acid, from whieh it separates on cooling. In
ether it is by no means so soluble as in alcohol,
in which it readily dissolves, as also in alkalis.
Its ammonia solution rapidly becomes brown
when exposed to air. It melts with decompo-
sition above 250°C. With ferrie chloride its
alcoholic solution gives a deep-green colour like
that given by quereitrin, but on heating it be¬
comes red. Silver nitrate rapidly reduces it
even in the cold, gold chloride and Fehling's
liquid only when heated. An alcoholic lead
aeetate solution gives an insoluble orange-red
precipitate; barium hydrate gives a similar
precipitate. Cold nitric acid colours it green,
then red, and finally dissolves it with a red
colour, but, on heating, it is decomposed with
formation of oxalic acid, and, according to Zwen-
ger and Dronke, also picric acid. At 50-60°C.
concentrated sulphurie acid dissolves it with
formation of a soluble sulphonic acid, which
still possesses dyeing properties. Quercetin
dyes mordanted cloth mueh better than quer¬
eitrin, giving purer and brighter colours.

Dried at the ordinary température over
sulphurie acid, its formula, according to Herzig,
is C2|H160n + 3H20.

Dried at 130°C., Liebermann and Hamburger
give its formula as Qu-B-ieOn-

When quercetin is treated with caustic potash
it gives différent décomposition products, accord¬
ing to the température employed and the dura-
tion of the reaction.

If 1 part of quercetin is heated with 3 parts
of potassium hydrate till a sample of the melt
dissolved in water rapidly loses its yellow colour
at the edges and changes to red, and a few drop3
of hydroehloric acid no longer produce a floccu-
lent precipitate, three décomposition products
are formed, viz., paradatiscetin, quercetic acid,
and phloroglucin. Impure paradatiscetin pré¬
cipitâtes in the form of yellow flocks from the
acidified aqueous solution of the melt on cooling.
The quercetic acid and phloroglucin are con-
tained in the filtrate, from which they are
extracted by means of ether, and ultimately
separated from each other by lead aeetate,
which précipitâtes the former but not the latter.

If the melting with potassium hydrate is
continued longer than is necessary to obtain
quercetic acid—viz. till the melt when dropped
into water dissolves with a dull-yellow colour,
and more rapidly acquires a red colour than in
the first instance—then a new substance termed
' quercimeric acid ' is produced. It is isolated
in the same manner as quercetic acid, from
which it differs by being much more soluble in
water.

If the melting with potassium hydrate is
continued still further, till an aqueous solution
of the melt no longer acquires a red colour, then
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on acidifying with hydroehloric aoid and shaking
with ether,protocatechuic acid alone is extraeted.
Tliis substance is also produeed if quercetio or
quercimeric acid is melted with potassium
hydrate.

Paradatiseetin C,5H,„0, crystallised from
dilute alcohol forms lustrous yellow needles,
sparingly soluble in water. Ferrie chloride
colours its alcoholio solution a deep purple ;
bromine water giyes a similar reaction. Lead
icetate produees in its aqueous solution a yellow
precipitate. Its yellow alkaline solution on ex-
posure to air changes to a deep green.

Quercetic acid C15H,„07 crystallises from
water as colourless silky needles, readily soluble
in alcohol and in ether, but little soluble in eold
water. Its alkaline solution when exposed to
air acquires a carmine-red colour. Ferrie chlor¬
ide colours its solution blue.

Quercimeric acid C8H605 + H20 forms colour¬
less granular crystals, very soluble in water,
alcohol, and ether. Its alkaline solution rapidly
acquires a déep reddish-purple colour. Gene-
rally speaking, its réactions are very similar to
those of quercetio acid.

If a sodium hydrate solution of quereetin is
Ireated with sodium-amalgam till the liquid
changes from a deep brown to a brownish-yellow
colour, then neutralised with hydroehloric acid
and agitated with ether, the ether extracts
phloroglucin and two otlier prroducts, which may
be separated by preeipitating them with lead
acetate. They differ from each other in their
solubility in water. The least soluble product,
having the composition C13H,2Os, crystallises in
the form of minute prisms, and is readily soluble
in alcohol and ether. Its alcoholio solution is
coloured violet by ferrie chloride, and violet
changing to brownish-yellow by potash. By
fnrther réduction with sodium amalgam it is
changed into phloroglucin ; by fusion with
caustic potash it yields phloroglucin and proto¬
catechuic acid. The more soluble product
C,H803, m.p. 130°G., is obtained as granular
crystals. Its aqueous solution is coloured deep
orange-red by caustic alkali, green by ferrie
chloride, changing to violet on the addition of
sodium carbonate. It reduces silver and alka¬
line cupric solutions, and on fusion with caustic
potash yields protocatechuic acid.

An alcoholio solution of quereetin, aeidified
with hydroehloric acid, when treated with sodium
amalgam rapidly acquires a purple colour ; the
solution then yields, on evaporation, a red crys-
talline substance (Stein's paracarthamin), ana-
logous to the isomorin obtained in a similar
manner from the colouring matter of old fustic.
By exposing its alkaline alcoholic solution to
air, it is readily oxidised and reconverted into
quereetin. With alkalis it gives a green colour,
which is changed to red by acids.

Oetacetyl-quercetin C2,H8O3(0C2H3O)g, m.p.
189°-191°, is obtained by heating for half an
liour a mixture of quereetin 1 part, dehydrated
sodium acetate 1£ parts, and acetic anhydride
3-4 parts. After allowing the product to stand
mixed with water for some time, ail soluble
matter is removed by washing, and the residue
is crystallised from alcohol with the use of ani¬
mal charcoal. It forms stellar groups of colour¬
less silky needles, readily soluble in glacial acetic

acid and in hot alcohol, sparingly soluble in cold
alcohol and in ether, still less in carbon disul-
phide.

Tribrom-quercetin C2,H13Br3011 is prepared
in the same way as the bromine compound of
quereetin, employing 3 parts quereetin (1 mol.)
and 2 parts bromine (2 mol.). From hot alcohol,
eontaining a little glacial acetic acid, it crystal¬
lises in the form of pale-yellow needles, m.p.
236°C., with décomposition. It dyes mordanted
cloth in shades somewhat redder than those
given by quereetin.

Tribromoctacetyl-quereetin
C2,H5Br303(0C2H30)8,

m.p. 218°-219°C., is prepared by heating a mix¬
ture of pure erystalline dibrom-quereetin with
dehydrated sodium acetate and acetic anhydride.
Crystallised from a mixture of absolute alcohol
(2 parts) and glacial acetic acid(l part),it forms
tufts of colourless silky needles, m.p. 218°-
219°C., slowly soluble in chloroform.

Tetrabrom-quercetin C21H12Br1011 is prepared
by suspending tetrabrom-quercitrin in water
slightly aeidified with dilute sulphuric acid, and
heating on the water-bath for 2-3 hours. The
product is washed free from acid and crystallised
from a mixture of alcohol and acetic acid. It
forms pale-yellow needles, slightly soluble in
benzene, chloroform, and dilute alkalis. It
differs from the dibrom-quereetin by its lesser
solubility in cold alcohol and by dyeing mor¬
danted cloth somewhat redder in shade.

Tetrabromdiacetyl-quercetin
C2JH10BrJO!l(OC2H30)2,

is prepared from tetrabrom-quercetin in the
same way as tribromoctacetyl-quercetin is ob¬
tained from tribrom-quercetin ; but it differs
from these by its higher melting-point 220-
228°C., and its exceedingly slight solubility in
cold alcohol. It is very readily soluble in glacial
acetic acid, soluble in hot alcohol, sparingly
soluble in chloroform and carbon disulphide.

Pentabromoctacetyl-quercetin
C..4H3B r503, (0C2H30) 8

is made by first treating a glacial acetic acid
solution of quercitrin with excess of bromine,
and then decomposing the product by sulphuric
acid ; or quereetin is treated with dry bromine.
The pentabrom-quereetin thus obtained is
changed into the octacetyl derivative in the
usual manner. It crystallises from glacial
acetic acid, in which it is sparingly soluble, in
long needles, m.p. 251-253°.

Amido-quercetin is obtained as a brown
amorphous substance by heating quereetin with
ammonia in a sealed tube to 145 -150°C., or by
allowing the mixture to stand in the cold for
about two months. It is soluble in alcohol,
ether, ammonia, and hydroehloric acid, but is
little soluble in water.

Pentaphenylcarbamin-quercetin
C21Hu06,[NH(CdHs)C0J5.

is prepared by the action of phenylearbimid on
quereetin at 160°C. The product is washed first
with cold benzene and then with boiling alcohol.
It is an insoluble amorphous substance, m.p.
200-205°C.

Quercetin-sodium C24HuO„(ONa)2 is prepared
by dissolving sodium carbonate (5 parts) and
quereetin (1 part) in a little hot water, and leav-
ing the filtered dark-red solution in a stoppered
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vessel. After some time, microscopic yellow
needles are precipitated, which, when exposed to
air, rapidly become discoloured.

Quercetin-barium is precipitated, as an
orange-red precipitate of variable composition,
on adding barium hydrate to a concentrated
aqueous solution of quercetin-sodium. Accord-
ing to Liebermann and Hamburger, its composi¬
tion is 2C21HuBaO +BaO.

Benzoyl-quercetin lias not yet been obtained
in a crystalline condition.

Isodulcit C^H, ,Od, is obtained from quercitrin
by decomposing it with hot dilute sulphuric acid,
and proeeeding exactly in the saine way as when
preparing it from the xanthorhamnin of Persian-
berries. By mixing an alcoholic solution of iso¬
dulcit with sodium-alcohol, white crystalline
sodium-isodulcit CBHl20j(0Na)2 is obtained.

Liebermann and Hamburger represent the
décomposition of quercetin by acid as follows :

c2<h14o9<oc"h;a>0 + 3H*o
Quercitrin

= C21H1J0,1 + 2[C6H120r(0H)2].
Quercetin Isodulcit

In conséquence of the composition of the acetyl
and sodium compounds of quercetin, Liebermann
and Hamburger consider it to contain two hy-
droxyl groups.

When quercetin is lieated with concentrated
hydrochlorie acid at 140-150°C. in a sealed
tube, no methyl or ethyl chloride is produced ;
lience it does not contain methoxyl or ethoxyl
groups.

Hexa-ethyl quercetin C2,H10(OC2Ha)dO3 is
prepared by heating in a sealed tube for 12
hours, at 100°C., a solution of 1 mol. quer¬
cetin in 4-5 mol. alcoholic potash, with a
corresponding amount of ethyl iodide. After
distilling off the excess of alcohol and ethyl
iodide the residue is mixed with water.

The insoluble portion is washed, dried, and
dissolved in hot alcohol. Caustic potash is
added to the concentrated solution, and on cool-
ing, the potassium compoundof the ethyl deriva-
tive is precipitated. This is washed with alco¬
hol, then with slightly acidified water, in order
to remove the potash, and is finally crystallised
from hot alcohol in the form of long yellow
needles, m.p. 120-122°; insoluble in caustic
potash; yield 50-55 p.c.

In conséquence of this ethylquercetin not
being decomposed during the prolonged heating
at 100°C., there being produced only its potassium
compound, it is improbable that quercetin eon-
tains carboxyl groups. By employing, however,
a température of 140-150°C.a smooth décom¬
position is eiïected ; and after distilling off excess
of alcohol, and acidifying with sulphuric acid,
a colourless crystalline substance separates,
which, when puritied and crystallised from hot
alcohol, forms stellar groups of lustrous needles,
m.p. 1(55-166°C. Analyses of its barium, cal¬
cium, and sodium salts, and the production of
its ethyl-ether derivative, with m.p. 5B-57°C.,
prove it to be di-ethyl-protocatechuic acid.
Other substances produced at the same time
show, when lieated with hydrochlorie acid, the
phloroglucin reaction ; they probably con¬
tain an ethyl derivative of phloroglucin. The
amount of di-etliyl protocatechuic acid thus

obtained in the foregoing experiments cor¬
responds approximately to the production of
2 mois, from 1 mol. of hexa-ethyl quercetin ;
lience Herzig concludes that quercetin contains
the residues of 2 mois, protocatechuic acid.

Hexa-mcthyl-quercetin C21H10(OCHj)sO, is
prepared like the corresponding ethyl derivative.
The dried product of the reaction is dissolved
in benzene, whereby brown tarry impurities
remain undissolved. After distilling off tbe
benzene, the residue is crystallised from alcohol
in the form of lustrous yellow needles ; m.p.
156-157°C. Treated with alcoholic potash at
100°C. it yields its potassium compound, but
at a higher température it is decomposed,
and yields dimethyl-protocatechuic acid ; m.p.
1S0°C.

Diacetyl-hexa-methyl quercetin
C2tH3(qCH3)6(0C2H30)A

is obtained by heating hexamethyl quercetin with
acetic anhydride (8 to 10 parts) and dehydrated so¬
dium acetate for 3 to 4 hours. Crystallised from
absolute alcohol it forms colourless lustrous
needles ; m.p. 167-169°C. ; very similar in ap-
pearance to the acetyl derivative of quercetin.

Diacetyl-hexa-ethyl quercetin, formed in a
similar manner, is also a colourless compound.

Since the hexa- methyl and ethyl deriva-
tives of quercetin retain the yellow colour cha-
racteristic of quercetin itself, it probably shows,
aceording to Herzig, that they are true derivatives
of the latter, whereas his opinion is that in the
colourless acetyl derivative of quercetin the acetyl
group has entered into the quercetin more
deeply, and is not indicative of the true substi¬
tution of two hydroxyl groups by acetyl, and
he thinks the production of colourless diacetyl
derivatives of hexa-methyl quercetin support
this view. Herzig concludes that quercetin
contains at least six free hydroxyl groups.

As the resuit of his latest researches, Herzig
states that there are not présent in the quercetin
molecule two quinone oxygen atoms, as he for-
merly supposed. The molecular weight of quer¬
cetin he has experimentally determined as 294,
with which the formula C,5H,0O7 best accords.
Rhamnetin, the colouring matter of Persian-
berries, he now looks upon as mono-methyl-
quercetin, while quercetin itself he regards as an
oxy- derivative of the colouring-matter of young
fustic, i.e. as an oxy-fisetin. To fisetin he
assigns the formula C,5H)0O6. In support of
this view he advances the faet that when fisetin
is oxidised by means of atmospheric oxygen it
yields protocatechuic acid and resorcinol, while
under the same influence quercetin gives proto¬
catechuic acid and phloroglucin. .

Commercial Préparations.
Flavin. This is the most important com¬

mercial préparation of quercitron-bark ; it seems
to have been first imported to this country from
America. The détails of its manufacture have
been guardedwith mueh secrecy, and analyses of
commercial samples show that différent methods
have been adopted by différent makers. Some
specimens consist essentially of quercitrin,
while others contain only quercetin. The former
have probably been prepared by merely extract-
ing the bark with water and high-pressure
steam, or, as it is said, with steam only, at a
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température of 102-103°. In some cases it
would appear as if tlie fiavin were merely ground
qnercitron-bark mechanically purified by a pro-
cess of sifting.

The best qualifies of flavin, liowever, are
those in which the colouring matter is présent
as more or less pure quercetin, and entirely free
trom woody fibre. Such genuine flavin is pré¬
parée! by rapidly extracting the powdery portion
of rasped quercitron-bark witk ammonia or other
alkali, and at once acidifying the solution with
snlphuric acid in order to avoid détérioration of
the colouring matter by atmospheric oxidation.
ifter allowing the acid solution to stand for
sometime a worthless flocculent precipitate is
fltered off, and the filtrate is boiled. The pre¬
cipitate thus produced is ultimately collected,
washed with cold water till free from acid, and
finally dried. Good flavin of this character has
atout sixteen times the tinctorial value of quer¬
citron-bark. It is not very soluble, but it yields
with aluminium and especially with tin mor¬
dants, much more brilliant colours than does
quercitron-bark.

Patent-bark, or ' commercial quercetin,' is a
préparation of quercitron-bark analogous to the
garancin made from madder. It is manufac¬
ture! in a similar manner, viz. by boiling, for
atout 2 hours, 100 parts finely-ground quercitron
tark, 300 parts water, and 15 parts concentrated
sulphuric acid. The product is collected on a
filter, washed free from acid, and dried. The
jield is about 35 p.c. of the bark employed,
while its colouring power is two and a half
limes greater. It seems to have been first
manufacture! in 1855 by Leeshing.

Bark-liquor is simply an aqueous extract of
quercitron-bark, and is sold with a sp.gr. of
1-06° to 1-255°.

Application.—Quercitron-bark, patent-bark,
and bark extracts are chiefly employed by the
calico and woollen printer. The latter are nsed
in the préparation of steam-yellows, olives,
chocolatés, &c., in conjunction with aluminium,
tin, chromium, and iron mordants. The former
were at one time largely employed in conjunc¬
tion with garancin, for the production of various
compound shades, e.g. chocolaté, dull red, orange,
4c. Now they may be used in a similar manner
along with alizarin. Wlien used alone, querci¬
tron-bark and patent-bark give, with aluminium
mordant yellow, with tin orange, with chromium
olive-yellow, with iron greenish-olive.

Flavin is used chiefly in wool dyeing for the
production, in singte-bath, of bright yellow and
orange fast to milling, or along with cochineal
to obtain a bright scarlet. The mordant em¬
ployed is stannous chloride and oxalie acid or
cream of tartar.

On cotton ail the quercitron colours are but
moderately fast to light ; on wool and silk the
chromium, copper, and iron colours are fairly
fast, whereas the aluminium and tin colours are

only moderately so.
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QTJICK VINEGAR PROCESS v. Acetic acid.

QUINALDINE v. Quinoline.
QUINCE GUM v. Gums.
QUINIDINE v. Vegeto-alealoids.
QUININE v. Yegeto-alkaloids.
QUINIZARIN. VA-Dioxantliraquinone v.

Alizarin and allied colouring matters.

QUINOL v. Hydroquinone, art. Phénol and
its homologues.

QUINOLINE. Lcucoline C„H;N.
History.—Bnnge in 1834 isolated from coal¬

tar an oil which was termed ' leukol ' to distin-
guish it from 'kyanol' (aniline), since, unlikethe
latter, it gave no colour on treatment with bleaeh-
ing-powder solution (P. 31, 68). Gerhardt, in
1842, obtained a basic substance 'chinoilin'
or ' cliinolein ' by distilling quinine (A. 42, 310),
cinchonine, and strychnine with caustic potash
(A. 44, 279 ; cf. Wyschnegradsky, quoted by
Krakau, B. 13, 2318), and the identity of leueol-
ine with quinoline was established three years
later by Hofmann (A. 47,76; 53, 427), wliose
conclusions have been verified by the later re-
searches of Hoogewerff and van Dorp (Bec. trav.
chim. 1, 1). The quinoline, both from eoal-tar
and cinchonine, is not a pure substance, since it
contains quinaldine (Traub, B. 16, 297, 878 ;
Jacobsen and Reimer, B. 16, 1084 ; Traub and
Scharges, B. 17, 2618 ;. Krakau, B. 18, 1934) ;
coal-tar quinoline (b.p. 235-240°) containing, in
addition to 20-25 p.c. of quinaldine (cf. Jacobsen,
Germ. Pat. 23967 ; Actieng. f. Anilinfab., Germ.
Pat. 40420), a noteworthy quantity of isoquinol-
ine (Hoogewerff and van Dorp, Bec. trav. chim.
4, 125).

Formation.—Quinoline is obtained by the
distillation of cinclionicaeid with lime (Koenigs,

i B. 12, 98). Synthetically it has been prepared
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by the condensation of orthamidocinnamic alde-
byde,

CA<SfOE-OOH WT »H,0
- \N :CH

(Baeyer and Drewsen, B. 16, 2207) ; by passing
allylaniline over heated lead oxide (Koenigs, B.
12, 453) ; by warming a dilute aqueous solution
ot orthamidobenzaldehyde and acetaldehyde with
a few drops of aqueous caustic soda

,COH CH3 /CH-.CH
C„H/ + | =C,H/ | +211,0

XNH, COH \ N : CH
(Friedlander and Gohring, B. 16, 1835) ; by tlie
dry distillation of acroleinaniline (Koenigs, B.
13, 911) ; and by heating a mixture of aniline,
glycerol, and sulphuric acid (Koenigs, B. 13,
912), preferably with nitrobenzene (Skraup, M.
1, 317).

Préparation.—24 parts of nitrobenzene, 38
parts of aniline, 120 parts of glycerol, and 100
parts of concentrated sulphuric acid, are mixed
together in a reflux apparatus, shaken until the
whole of the aniline sulphate is dissolved, and
either carefully heated until the vigorous reaction
sets in, or warmed for a day at 125-130°, and
afterwards heated at 180-200° to complété the
reaction. After dilution with water, any nitro¬
benzene is removed by steam-distillation, the
residual liquor rendered alkaline, and the sepa-
rated base distilled with steam, fraetionated to
remove the greater part of the aniline, and freed
from the remainder by treatment either with
potassium bichromate in sulphuric acid solution
or with nitrite in acid solution and subséquent
steam-distillation from alkaline solution. The
yield amounts to about 60 p.c. of the theoretical
(Skraup, M. 2, 141). As prolonged digestion
(36 hours) at the température of reaction lias
been found to resuit in the complété conversion
of the toluidines into toluquinolines, thus
rendering the purification with bichromate or
nitrite unnecessary (Nôlting and Trautmann, B.
23, 3654), it is to be expected that equally good
results are to be obtained in like manner in the
préparation of quinoline and quinoline deriva-
tives generally.

Properties.—It is a colourless oily liquid,
which boils at 237T under 746-8 mm. (Skraup),
at 238° under 760 mm.(Kahlbaum).at 234-234'5
under 758'6 mm. pressure (Schiff, B. 19, 566),
and has a sp.gr. = 1-0965 at 11-5° (Oechsner, A.
Ch. [5] 27, 487) and 1-0947 at 20° (Skraup). It
has a disagreeable penetrating odour, a bitter
acrid taste, and is dissolved sparingly by water,
but readily by alcohol, ether, Carbon bisulphide,
&c.

Reactions.—(1) Quinoline is oxidised with
difficulty by chromic acid mixture, but on treat¬
ment with potassium permanganate in alkaline
solution is converted into giiinolinic (2:3-pyr-
idinedicarboxylic) acid, oxalic acid, ammonia,
and carbon dioxide (Hoogeweriï and van Dorp,
B. 12, 747, 983; Skraup, M. 2, 147).

(2) Nitration with nitro-sulphuric acid re¬
sults in the formation of a mixture of ortho- and
ana- nitroquinoline, and of two dinitroquinolines
(Koenigs, B. 12, 449 ; Claus and Krâmer, B. 18,
1243 ; cf. Nôlting and Trautmann, l.c.).

(3) The action of sulphuric acid on quinoline
does not seem to be satisfactorily established.

When heated with 7 parts of ordinary sulphuric
acid at 220-230°, quinoline yields the ortho-
sulphonic acid, but at 275-280° for twenty-four
hours exclusively the parasulphonic acid, the
ortho- and ana- acids being converted into the
para- acid by heating with 4 parts of ordinary acid
at 275-280° (Georgievics, M. 8, 577, 639 ; Bad.
Anilin & Sodafab. Germ. Pat. 40901 of March 5,
1887). According to Claus, sulphonation with
10-20 p.c. anhydrosulphuric acid at 125-130°
gives a mixture of the ortho-, meta-, and ana-
acids, and at 170-180°, a mixture of the ortho-
and ana- acids (J. pr. [2] 37, 261) ; La Coste and
Valeur state that the ortho- and ana- acids are

formed by the action of 3i parts of 'fuming'
sulphuric acid at 170° for one hour (B. 20, 95) ;
Bedall and O. Kischer found that by heating with
' fuming ' sulphuric acid a mixture of ortho- and
ana-1 acid was produced (B. 15, 683, 1979) in
proportions which with Nordhausen acid varied
with the température (about four times as much
ortho- as ana- being présent at températures
below 200°, the ana- becoming chief product at
270°), or with the température at 120° varied
with the amountof dissolved anhydride (Kiemer-
schmied, B. 16, 721) ; and finally, Lellmann
arrives at the conclusion that a mixture of a

second (pseudo-) ana- acid with the ortho- acid
is obtained when quinoline is heated with 5 parts
of anhydrosulphuric acid containing 1 part of
anhydride dissolved in 2 parts of ordinary sul¬
phuric acid at 180° ; that the yield of pseudana-
acid inereases at températures up to 260°, and
that the pseudana- acid is identical with the
ana- acid obtained by Skraup's method from
metamidobenzenesulphonic acid (B. 20, 2172).
The mixture of ortho- and ana- acid on further
sulphonation with 2 parts of Nordhausen acid
at 250° for eighteen hours yields a mixture of two
disulphonie acids, both of which are produced
from the ortho- acid under like conditions (La
Coste and Valeur, B. 19, 996 ; 20, 98 ; La Coste,
Germ. Pat. 29920 of April 20, 1884, expired
Sept. 1886).

Tliese sulphonic acids yield hydroxyquinol-
ines on fusion with caustic potash, and it is to
be noted that Lellmann's pseudana-acid appears
to give the same 4-hydroxyquinoline as that
obtained from Biemerschmied's ana- acid (Lell¬
mann, l.c.), although the nitriles from the two
sources appear to differ (Lellmann and Keusch,
B. 21, 397).

(4) On réduction with tin or zinc and hydro-
chloric acid quinoline is converted into the
tetrahydro- derivative, the four atoms of hydrogen
being taken up by the ' pyridine-ring ' (Wysch-
negradsky, B. 12, 1481 ; 13, 2400). An amor-
phous solid is also formed in the reaction. By
réduction with hydriodic acid and amorphous
phosphorus at 230° tetrahydroquinoline yields a
product containing 8 p.c. hexahydroquinoline,
55 p.c. of decahydroquinoline, a third base not
volatile with steam, and 0-25 p.c. of a hydrocar-
bon, possibly propylhexamethylene (Bamberger
and Lengfeld, B. 23, 1138).

(5) Quinoline is a strong tertiary base, and
forms addition products with methyl chloride,
methyl iodide, &c. The metliiodide C,,H.N,CH3I
crystallises in large, sulphur-yellow forms, melts

1 Termed ' meta-' by tbese cliemists.
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at 72° (La Coste, B. 15,192), and, like compounds
of this eharacter, is converted into a strongly
alkaline base on treatment with moist silver
oxide. Crystalline addition compounds of quin-
oline, quinoline metho-ehloride, &c., with iodine
chloride have been prepared (Chem. Fabrik auf
Actien. (vorm. E. Schering), Germ. Pat. 30358,
of Mar. 9, 1884; expired July 1886; Eng. Pat.
9252, of 1884), and of these the quinoline-
chloriodide was proposed as an iodoform substitute
onder the name ' quinoiodine.'

Salts.—The hydrochloride, C8H,N,HC1, forms
very soluble déliquescent crusts ; the zincochlor-
lide, crystallises in sparingly-soluble needles,
and the platinichloride, (BHCl)2,PtCl4 + 2H„0,
forms small sparingly-soluble orange-yellow
needles melting at 218° (Lellmann and Alt,
A. 237,323). The picrate crystallises from benz-
ene in small bright-yellow needles melting at
203°; the chromate, B2,H,Cr20„ crystallises
from hot water in characteristic lustrous yellow
needles melting at 164-167° (Hoogewerff and
van Dorp, Bec. trav. ehim. 1, 13) ; the tartrate
B,(C4H6Oe)4 crystallises from alcohol in large
iat needles (Friese, B. 14, 2805) ; and the sali-
cylate, B,C,H603, forms a reddish-grey powder
(Friese).

Tetrahydroquinoline C9HnN.
Formation.—Tetrahydroquinoline is obtained

from quinoline by the action of zinc and hydro-
ehloric acid (Wyschnegradsky, B. 12, 1481), tin
and hydrochloric acid (ibid. B. 13, 2400), sodium
amalgam (Koenigs, B. 14, 100), or sodium (Wei-
del and Glâser, M. 7, 328) ; also from carbostyril
by réduction in boiling alcoholic solution with
sodium (Knorr and Klotz, B. 19, 3302).

Préparation.—Quinoline is dissolved in about
30 parts of strong hydrochloric acid, and treated
gradually on a water-bath with 3-3-5 parts of
granulated tin. The excess of acid is removed
by evaporation, the residue rendered alkaline,
and thé tetrahydroquinoline and unreduced
juinoline separated from the solid amorphous
reduction-product by steam distillation. To free
the tetrahydro- base from quinoline the dry ethe-
real solution of the two is saturated with gaseous
hydrogen chloride, and the precipitated tetra¬
hydroquinoline hydrochloride crystallised from
boiling alcohol (Hoffmann and Koenigs, B. 16,
728).

Properties.—It crystallises in needles in a
freezing mixture, but is an oil at the ordinary
température, and boils at 244-246° under a pres¬
sure of 724 mm. The hydrochloride crystallises
from water in readily soluble prisms, and from
alcohol in slender prisms, melting at 180-181°.
ilethyl and ethyl iodide react vigorously with
the base, forming l'-alkyl derivatives, of which
l'-methyltetrahydroquinoline was at one time
employed in the forai of acid sulphate as an
antipyretic, under the name

Kairoline. This base, C,,H10.NMe, is obtained
either by direct methylation of tetrahydroquin¬
oline (Hoffmann and Koenigs, B. 16, 732), or
more readily by gradually adding 1-5 parts of
grauulated tin to a solution of 1 part of quin¬
oline methiodide in 10 parts of concentrated
hydrochloric acid (Feer and Koenigs, B. 18,
2388). It boils at 242-244° under a pressure of
720 mm., forms déliquescent salts, and exhibits
a marked analogy with dimethylaniline.

QUINOLINE. 32D

Constitution of Quinoline.
Kôrner's suggestion that the quinoline molé¬

cule contains a benzene and a pyridine nucleus
having two carbon atoms in common,

CH CH

HC C CH
I II I

HC C CH
X/\S
CH N

L

CH CH
✓V\

HC C

I
CH

HC C
\/\/
CH

IL

CH

N

is generally aecepted, in view of the formation of
quinoline derivatives by the condensation (a) of
orthamidobenzaldehyde with acetaldehyde, and
(b) of orthamidocinnamic aldehyde, and dérivés
confirmation from the fact that quinoline on
oxidation with potassium permanganate in al¬
kaline solution yields 2:3-pyridinedicarboxylic
(quinolinic) acid (Hoogewerff and van Dorp,
B. 12, 747, 983; Skraup, M. 2, 147), whilst
quinaldine, which can be obtained by correspond-
ing synthèses from (a) orthamidobenzaldehyde
and acetone, and (b) orthamidobenzilidenacetone,
yields, under like conditions, aeetorthamido-
benzoic acid (Dôbner and v. Miller, B. 15, 3077).
As pointed out by Bamberger (A. 257, 21 ; C. J.
58, 1302), the two ring Systems are not identical
with, but only similar to, those of benzene and
pyridine respectively, each becoming identical,
however, with that of benzene or pyridine, as
the case may be, when the second ring is de-
stroyed by oxidation or its influence is removed
by réduction (cf. Bamberger, A. 257, 20'; C. J.
58, 1302). Which of the two formulas, I. or II.,
expresses the constitution of quinoline is still a
matter of eontroversy, and it is possible that some
quinoline derivatives may have the first, others
the second, formula. Indeed, Lellmann claims to
have established the existence of two isomeric
ana- (or 4-) quinoline-carboxylic acids (Lellmann
and Alt, A. 237, 325), -sulphonic acids (Lellmann,
B. 20,2172), and -nitriles (Lellmann and Beusch,
B. 21, 397), and refers the isomerism to the pré¬
sence in the one, and absence in the other sériés
of a para- linkage between carbon and nitrogen
in the ' pyridine-ring.'

Conventionally quinoline is represented by a
double hexagon having one sidein common, car¬
bon atoms being supposed to be placed at each
of the angles except the one against which N is
written, and with the exception of the two
' central ' carbon atoms, associated each with
an atom of hydrogen. To indicate the orienta¬
tion of a substituent the positions have been
distinguished thus—

ana 7

para

meta^^^^/ et
ortho N

III.

System III., adopted by Skraup (M. 7, 157), is
generally used on the Continent ; system IV. is
employed in the Chemical Society's publications
and in a modified form by Baeyer and his pupils,
who number the positions in the ' benzenç-ring '
1, 2, 3, 4, and in the 'pyridine-ring' N, 1, 2, 3,
indicating by the abbreviations ' Bz ' 01- ' Py '
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wliether the substituent oceurs in the ' benzene '
or ' pyridine ' nueleus (B. 17, 9(i0).

Orientation in the quinoline sériés is usually
determined by oxidation, one or other ot the
rings being destroyed, with the production either
of a substituted phthalic acid, or of a substi-
tuted 2:3-pyridinedicarboxylic (quinolinic) acid
(cf. v. Miller, B. 23, 2252 ; 24, 1900). Diffi-
culty arises, however, in those cases in which
the ring containing the substituent is oxi-
dised away, but in many instances the posi¬
tion is determined by the synthetieal method
employed in the préparation of the compound ;
thus in Skraup's reaction ortho- and para- sub¬
stituted anilines can only yield ortho- and para-
substituted quinolines respectively. From
meta- substituted anilines, however, either meta-
or ana- quinoline derivatives resuit, according as
ring-formation ensues in the para- or ortho¬
position to the substituent, thus—

E

/V\ /\y\
b1 I J III\s\/ \/\x

N N
(meta-) (ana-)

but, as Skraup and Brunner (M. 7, 139), Tortelli
(G. 10, 366), and Lellmann and Alt (A. 237,315),
liave shown, it is possible to détermine which
isomeride is formed by comparison with the
quinoline derivatives obtained by submitting one
or other of the disubstituted anilines containing
a second radicle E' (COOH or Br in the experi-
ments quoted) in the positions

E

/\ A

e^Jnh2
E' E'

to the Skraup reaction, and subsequently dis-
placing the radicle E' by hydrogen. In this way
the meta- and ana- quinolinecarboxylic acids
have been identified, and these serve as reference
eompounds for quinoline derivatives of either
series, which by the usual reactions can be con-
verted into them.

With regard to the formation of the meta-
and ana- isomerides, it may be noted that in those
cases in which both have been found in the pro-
duct one is always présent in much larger pro¬
portion tlian the other. The evidence at disposai
tends to show that anilines containing positive
radicles, such as metatoluidine and metamido-
phenol, yield the meta- isomeride, and anilines
containing négative radicles, such as metamido-
benzoic acid and metamidobenzenesulphonic
acid, yield the ana- isomeride as chief product.

Uses oe Quixoline Derivatives.
In addition to their limited use in the manu¬

facture of dye stuffs (v. infra) quinoline deriva¬
tives have been employed as antipyretics, the
récognition of the fact that the cinchona alka-
loids are derivatives of quinoline having led to
the préparation and therapeutie investigation of
manyquinolinecompounds. Quinolinehaving but
feeble antipyretie properties (cf. Donath, B. 14,

178), attention appears to have been specially
directed to its tetrahydro- derivatives, because on
the one hand McKendrick and Dewar's investi¬
gations had shown that physiological activity
was greater in those bases of the pyridine and
quinoline sériés which contained the larger pro¬
portion of hydrogen (Pr. 22, 290), and on the
other because Koenigs in liis earlier researches
was inclined to regard quinine and cinchonine
as derivatives of l'-methyltetrahydroquinoline
(B. 14, 1857). This substance, prepared first by
Hoffmann and Koenigs (B. 16, 731), was indeed
found to be an antipyretie of some value, and
was introdueed as a quinine substitute under
the name ' kairoline.'

The molecular formula of quinine differs
from that of cinchonine by CH„0, and Skraup's
discovery of the fact that this différence is due
to the presence of methoxyl in the para- position
in the quinoline nueleus of quinine (M. 4, 697)
naturally directed attention to the hydroxy- and
methoxy- derivatives of tetrahydroquinoline, with
the resuit that in antipyretie action the relation
of orthohydroxy-1 '-methyltetrahydroquinoline
('kairine') and of paramethoxytetrahydroquinol-
ine ('thalline') to tetrahydroquinoline was found
to be similar to that of quinine to cinchonine, a
later observation of Einhorn'sthatparamethoxy-
2':4'-dihydroxydihydroquinoline far exceeds 2':4'-
dihydroxydihydroquinoline in antipyretie power
(Germ. Pat. 55119 of May 20, 1890) affording
further evidence in favour of this rule.

In the course of these investigations many
results of considérable interest in reference to
the relation between chemical constitution and
physiological action were accumulated. Thus
Filehne (quoted in the papers of O. Fischer
(B. 16, 719) and Hoffmann and Koenigs, l.c.)
found that orthohydroxy- and orthomethoxy-
quinoline are poisonous, that their tetrahydro-
derivatives, together with tetrahydroquinoline,
exhibit a certain resemblance to quinine, but
produee unpleasant subsidiary effects, and that
their l'-methyl or -ethyl derivatives, obtained by
substituting the alkyl radicles for H in the
ehemically reactiveNH-group, have a pronounced
antipyretie action unaccompanied by the local
action and objectionable after-effects noticed
with the parent tetrahydro- bases. Again para-
hydroxytetrahydroquinoline is poisonous, but
loses its poisonous properties and is converted
into the antipyretie ' thalline ' when the H of
the OH-, not of the NH-, radicle is replaced by
methyl ; thalline also beingphysiologicallymuch
more active than paramethoxyquinoline, the un-
reduced base (Jaksch, quoted by Skraup, M. 6,
773).

Later investigations have modifie! the views
formerly held with reference to the nature of the
quinoline nueleus in quinine—the ethylpyridine
and not the quinoline constituent of the molé¬
cule being now regarde! as more probably the
hydrogenated portion of the molecule (Gomstock
and Koenigs, B. 20, 2510 ; Skraup, M. 9, 822)—
and these added to the discovery of marked
antipyretie properties in antipyrine and even in
acetanilide (antifebrin) seem to have led to the
abandonment of this line of research. During
its continuance, however, many synthetieal
methods were devise! for the préparation of
quinoline derivatives, but mention can only be
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Bade of those which hâve the most général
application.

Synthèses op Qdinoline Deeivatives.
(i.) Préparation of derivatives containing

rdicles substituted in the ' benzenc-nucleus.'
The most général of ail the synthetical me-

thods is that of Skraup which serves for the
préparation of derivatives containing the sub¬
stituent in the ' benzene-ring.' This method
owes its origin to the discovery of alizarin-blue
by Prud'homme in the course of some experi-
ments having for their object the préparation of
a nitroalizarin ' vat ' by means of glycerol and
sulphuric acid (Z. chem. Grossg. 2.462). Graebe's
investigation of alizarin-blue, obtained in addi¬
tion to other products by heating nitroalizarin
with these substances, proved it to be a quinoline
derivative resulting from the condensation of
molecular proportions of glycerol and nitro¬
alizarin (B. 11, 522 ; A. 201, 338). Koenigs,
wlio had previously obtained quinoline by pass-
ing allylaniline over heated litharge (B. 12, 458),
and by dry distillation of acrolein-aniline (B. 13,
911), found that it could be obtained in small
quantity by heating nitrobenzene—or better
aniline—with glycerol and sulphuric acid (B.
13,912). In these experiments, however, he was
just anticipated by Skraup (M. 1, 317), who dis-
covered that not only was quinoline produced by
heating aniline with glycerol and sulphuric acid,
in accordance, possibly, with the équations —

CH.OH.CHOH.CH.OH = CH,:CH.CHO + 2H..0

C,»/ + |
\NH, CH,:CH

=C,H1<^h;^>+h2O + H2
but also that the yield was very considerably in-
creased by the addition of nitrobenzene. The
extension of the method to homologues of aniline
in the presence of the corresponding nitro-
derivatives followed (Skraup, M. 2, 139 ;
Schloesser and Skraup, M. 2, 518), thelater dis¬
covery of La Coste that the nitro- derivative, as
a iule, is not reduced to the corresponding
amido- compound (cf., however, Skraup, B. 15,
897), and that, consequently, any nitro- deri¬
vative, by preference nitrobenzene, can be em-
ployed in ail cases as the cxidising agent (B. 15,
558),ensuring its application toall derivatives of
primary aromatic aminés. Quinoline derivatives
containing the radicles Cl (La Coste, B. 15, 557),
KO, (La Coste, B. 16, 669; Nôlting and Traut-
mann, B. 23, 3667), NH„ (Marckwald, B. 23,
1021), CH (Skraup, B. 15, 893 ; M. 6, 761 ;
Genn. Fat. 14976 of Feb. 16, 1881, Eng. Pat.
€78of 1881 ; Bad. Anilin- & Sodafab., Germ. Pat.
58324 of Nov. 11, 1883), CH, (Skraup, M. 2,152 ;
3,381; Skraup and Brunner, M. 7,139; Nôlting
and Trautmann, l.c.), COOH (Schloesser and
Skraup, l.c. ; Lellmann and Alt, A. 237, 319),
and S0:,H (Farbw. Meister, Lucius & Briining,
Germ. Pat. 26430 of Aug. 3, 1883 ; Happ,
B. 17,192 ; Lellmann and Lange, B. 20, 1446 ;
Nôlting and Friihling, B. 21, 3156) in the
'benzene ring,' can therefore be readily ob¬
tained from the corresponding substituted
anilines, the method being similar to that
given under quinoline, except as regards the tem¬

H OCH

perature at which réaction ensues. The yields
are almost invariably good.

(ii.) Préparation of alkyl derivatives contain¬
ing the alkyl radicle in the 'pyridine-ring.'—■

(1) The substitution of other polyhydric al-
cohols for glycerol in Skraup's reaction followed
naturally on the publication of Skraup's paper.
Erythrol and mannitol in Skraup's hands gave
unpromisingresults (B. 15, 898), but from a mix¬
ture of aniline and nitrobenzene with glycol and
sulphuric acid, Dôbner and v. Miller obtained
quinaldine (B. 14, 2813), a like resuit obtaining
in the case of paraldehyde, acetal (l.c.), and lactic
acid (Wallach and Wristen, B. 16, 2007). The
reaction is due to the formation of and conden¬
sation with acetaldehyde under these conditions,
since ordinary aldehyde, like these substances,
gives a good yield of quinaldine when digested
with aniline and concentrated hydrochloric acid,
the employment of nitrobenzene and sulphuric
acid being unnecessary (B. 16, 2465). In ail
probability aldol first results, and either this or,
more probably (Dôbner and. v. Miller, B. 17,
1721 ; cf. v. Miller, B. 24,1720), crotonic aldehyde
reacts with the aminé thus ;

/H HCO.CH.,
CH< +\NH,

-CH:CH

(a)
CH(OH).CH,

= CIl/ I
\n c-N :C.CH:l + 2H,0+II,
/H HCO.CH

(b) C„.H / + ||
\NH„ CH.CH,

>CH:CH
= C6H4< | + H,0 + H„.

NN :C.CH3
The reaction is a général one for ail aldéhydes
of the général formula R.CH2.CHO (v. Miller,
B. 18, 3360), or unsaturated aldéhydes of the
général formula RCH,.CH:CR'.CPIO, and leads
to the production either of 2' or 2':3'- derivatives
of quinoline, since the carbcn atom of the alde¬
hyde radicle always replaces H of the benzene
nucleus, and not H of the NH, group of the
aminé, thus ;

r TT /H HCO.CH,R
tjA\NR+ HC"O.CH2R'

,CH:CR
= C„H4< | + 2H..0 + H,.

\N :C.CH2R'
Dihydroquinolines, no doubt, first resuit, just as
they prcbably do in the Skraup synthesis, but
the tendency to produce quinolines is sufficiently
great to ensure the élimination of the hydrogen,
and addition of an oxidising agent is unneces¬
sary. As shown by Dôbner and v. Miller (B.
17, 1698), a portion of the aldehyde is reduced to
the corresponding alcohol, which in presence of
the acid acts upon the aminé, forming an alkyl
derivative, whilst a portion of the quinaldine
also becomes reduced to the tetrahydro- deriva¬
tive. With substituted anilines, such as amido-
phenols and amidobenzoic acids, quinaldines
containing substituents in the ' benzene ring '
are obtained (Dôbner and v. Miller, B. 17, 939,
1705; Chem.Fab. auf Actien.(vorm.E.Sehering),
Germ. Pat. 24317 of Aug. 19,1882, 29819 of Oct.
2, 1883), and with reference to these it may be
noted that meta- derivatives of aniline seem to

give exclusively meta- and not ana- derivatives
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of quinaldine (Dôbner and v. Miller, B. 16,
2471 ; Harz, B. 18, 3398).

The method was extended to j8-hydroxy-
ketones by Beyer (J. pr. [2] 31, 48 ; 32, 127 ; 33,
395), who showed that quinaldine derivatives
were also obtained with a mixture of a ketone
and aldehyde in molecular proportions, an
aldol being probably formed as intermediate
produet in this case also :
ch3.cho + chj.co.b = ch3.ch(oh).ch2.co.b

= ch,.ch:ch.co.b + h.,0
.h ocb.ch

CSH/ +
VN CH.CH.XNH,

/cr:ch
= c6h/ i + h.,0 + h.,.

\-N:C.CH3
A similar condensation, with the production of
carboxylic acids, ensues when pyruvic acid, an
aldehyde and aniline are warmed together in
alcoholic solution :

JI 0C<CH?HC0h/
\NH, HCO.R
/C(COOH):CH

= c6h/ | + 2H..0 + Ho\ n:c.b

(Bôttinger, a. 191,321; Dôbner, A. 242, 270);
quinoline-4'-carboxylic (cinehonic) acid also
being obtained by warming isatin with acctone
and aqueous canstic soda :

/co.cooh ch3csh/ + |
\nh„ co.ch3
/C(CC)OH):CH

= c6h,< i +2h..0\ N : C.CH3
(Pfitzinger, J. pr. [2] 33,100 ; 38, 582). For the
reaction between aniline and pure acetone, cf.
Biehm, A. 238, 1.

To préparé quinoline derivatives by this syn-
thetical method, the aminé is mixed with twice
its weight of fuming hydrochloric acid, and the
requisite quantity of aldehyde added gradually,
rise of température being cheeked by cooling
with water. When fi-hydroxyketones are em-
ployed, however, it is necessary to bring about
the aldol condensation in the first instance by
saturating the mixture of ketone and aldehyde
with gaseous hydrogen chloride, and allowing
the produet to stand for some time ; the produet
is then added gradually to the mixture of aniline
and hydrochloric acid as just described. After
visible reaction ceases in the cold, the produet
is heated for many hours on a water-hath,
digested with water, and the filtrate rendered
alkaline by aqueous caustic soda, the precipitated
base being subsequently freed from secondary
aminés by treatment in dilute hydrochloric acid
solution with nitrite, and purified either by frac-
tional distillation or by conversion into the
sparingly soluble erystalline picrate (cf. Harz, B.
18, 3384 ; v. Miller and Kinkelin, B. 19, 527 ;
Schultz, B. 16, 2600; 17, 1965; Actieng. fiir
Aniiinfab., Germ. Pat. 2S217 of June 20, 1883 ;
Beyer, J. pr. [2] 33, 401 ; Beed, J. pr. [2] 35,299 ;
Parbw. vorm. Meister, Lueius & Briining, Germ.
Pat. 35133 of July 14,1885, expired Nov. 1886).

(2) In Dôbner and v. Miller's reaction
(supra) 0-hydroxyaldehydes or ,8-liydroxyketones,

R.CH(OH).CH2.CO.R', are employed, and hydro¬
gen is liberated. If the necessity for oxi-
dation of this hydrogen is rèmoved, and water
only requires to be eliminated, as when 8-di-
ketones, B.CO.CH...CO.R', are employed, the
course of the reaction and the yield are im-
proved. The reaction is brought about by heat-
ing together molecular proportions of the aminé
and diketone to form an anilide, which is sub¬
sequently warmed for some hours with concen-
trated hydrochloric acid :

(a) CH3.CO.CH2.CO.CH3 + CbH5.NH.,
= CH3.CO.CH2.C(N.C8H,).CH3

s. OC.CH3
(&) c6H/ I

\N:C(CH3).CH,

= c8H4</
C(CH3):CH

+ h2o
N:C.CH3

(Beyer, B. 20, 1770; Combes, C. b. 106,142;
108, 1252).

(3) Hydrogen, again, is not eliminated in
the formation of quinoline derivatives by the
condensation of orthamidobenzaldehyde with
aldéhydes, ketones,. and similar compounds, and
it is on this aecount, no doubt, that the réaction
ensues with such readiness, the reacting sub¬
stances requiring only to be dissolved in water
or aqueous alcohol, and warmed with a few drops
of dilute aqueous caustic soda. This reaction,
which is due to Friedlander, may be represented
by the following équation :

CHO CH,R.vjj_lw -ch:cb

c6h4< + i " =c6h4< i +2hjo
\nh2 co.r' \-n:cb'

where b and b' may be hydrogen or alkyl
radicles ; in ail probability aldol condensation
ensues in the first instance, water being sub¬
sequently eliminated in two stages, with the for¬
mation successively of an unsaturated aldehyde
or ketone, and finally of a quinoline derivative,
thus ;

,cho ch3
c„h/ + |

\nh2 co.ch3
/ch(oh).ch„

=c6h/ i
\nh„ co.ch3
,ch = ch

= c6h,< i +h..04\nh, co.ch3
/ch;ch

= C8H^ Ix -N:C.CH,
- 2h,0

(Friedlander, B. 15, 2574 ; Friedlander and
Gohring, B. 16, 1835 ; 17, 456).

Orthamidoacetophenone and orthamido-
benzophenone react in certain cases with methyl
ketones under like conditions, yielding deriva¬
tives of 4'-methyl- or 4'-phenyl-quinoline,
thus :

/co.ch, chs
CbH4<( + |\nh„ co.ch3

-c(ch3):ch
=c6h/ i\ n:c.ch3+2h.,0

(Geigy and Koenigs, B. 18, 2406 ; O. Fischer,
B. 19, 1037).
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(iii.) Methods which give rise to tlie produc¬
tion of hydroxyquinolines containing hydroxyl
in thc 'pyridine-ring.'

The direct introduction of hydroxyl into the
'pyridine-ring ' of quinoline has been aceom-
plished only in a few cases, such as the forma¬
tion of carbostyril (2'-hydroxyquinoline) by the
action of hypochlorous acid on quinoline
(Einhorn andLauch, B. 19, 53 ; Erlenmeyer and
Eosenhek, B. 18,3295; 19,489), and therefore
synthetical methods must be employed, and of
these those with /3-ketonic acids and primary
aminés are tbe most important.

Ethyl acetoacetate reacts with aniline
in two distinct ways, yielding the anilide
C6HsNH.CO.CH2.CO.CH3 at températures be-
tween 110° and 150°, and ethyl /3-phenyl-
amidocrotonate, C6H5NH.C(CH3):CH.COOEt, at
températures below 100°(Knorr, A. 236,73). Both
classes of compounds yield quinoline deriva-
tives, the anilide, according to Knorr, forming
2'-hydroxy-4'-methylquinoline, the amidocro-
tonate, according to Conrad and Limpach,
4'-hydroxy-2'-methylquinoline.

(a) In Knorr's reaction molecular pro¬
portions of ethyl acetoacetate and aniline are
heated under pressure for many hours at
120-150° to form the anilide. The product is
then freed from alcohol, dissolved in concen-
trated sulphuric acid to bring about the conden¬
sation to the carbostyril derivative, and, either
after standing for some time or warming in a
water-bath stirred into water, and the hydroxy¬
quinoline precipitated by neutralisation with
aqueous caustic soda. The method gives good
yields (Knorr, A. 236, 75, 83 ; Germ. Pat. 26428
of July 22, 1883). The reaction may be repre-
sented thus :

P xi /-H OC(CH3)s
6J\NH.CO.CH2—/

,C(CH3):CH *
= C6H/ ! +H20.

\ N-.C.OH
Substituted anilines, homologues of aniline or
mono-alkyl derivatives of ethyl acetoacetate, can
be employed in place of aniline and ethyl
acetoacetate (Knorr, A. 245, 358) ; secondary
anilines, such as methylaniline and its homo¬
logues, however, react with ethyl acetoacetate
forming lepidone-(2'-ketotetrahydroquinoline-)
derivatives (Knorr, A. 236, 106 ; Farbw. vorm.
Meister, Lucius & Briining, Germ. Pat. 32281
of Dec. 13, 1884).

(b) The j3-amidoerotonate required for the
Conrad and Limpach synthesis is prepared by
allowing a mixture in molecular proportions
of ethyl acetoacetate and the primary aromatic
aminé (aniline or its homologues) to remain in
the cold for a considérable time, or more rapidly
by warming carefully on a water-bath. The re-
sulting compound, after dehydration, is con-
verted into the hydroxyquinoline by rapidly
heating to 240-250°. Ethyl alcohol, acetone,
and the corresponding carbanilide distil over,
and the residue is boiled out with water or dilute
acid to extract the quinoline derivative, which is
precipitated from the acid solution by sodium
carbonate or ammonia, and purified by crystal-
bsation from hot water. The residue, insoluble
in water, contains the lutidonecarboxylic acid
which is always formed as subsidiary product in

the condensation. The reaction, so far as the
production of the hydroxyquinoline is concerned,
may be expressed thus :

p -rr OEt.CO\
0(011,) :CH/

,C(OH):CH
= EtOH + CliHJ< |\ N:C.CH3.

The yields are only moderate, ranging from
25-40 p.c. of the theoretical (Conrad and Lim¬
pach, B. 20, 947; 21. 523, 1649, 1968; Germ.
Pat. 42276 of March 14, 1887 ; Knorr, B. 20,
1397).

(iv.) In addition to these methods others
have been described which, on account of their
more limited application, can only find mention
here. Baeyer has shown that derivatives of
orthamidopropylbenzene containing oxygen in
the 13- position, either in the ketonie form or as
hydroxyl, undergo condensation frequently at
the moment of formation with the production of
2'-quinoline derivatives, thus :

p -p. --CH:CH.CO.CH3
''M'H.

/CHiCH
= C6Ht< I +H20

\-N:C.CH3
(Baeyer and Jackson, B. 13, 115 ; Friedliinder
and Weinberg, B. 15, 1422 ; Drewsen, B. 16,
1953; Einhorn,B. 17, 2011). Just has obtained
derivatives of 4'-hydroxy-2'-phenylquinoline-
3'-carboxylic acids by the interaction of benz-
anilidimido-chloride or its homologues with
ethyl sodiomalonate (B. 18, 2632 ; 19, 979,
1462, 1541 ; Germ. Pat. 33497 of Feb. 21,
1885, expired July 1890); and E. Fischer has
found that alkyl derivatives of indole are con-
verted into l':3'-alkyl derivatives of dihydro-
quinoline by heating with an alkyl iodide and
the corresponding alcohol at 100° for 15-20
hours.

(a) C6H4<^>C.Me + CH3I
,CH:CMe

= CbH.,<( | +HI
/CH:CMe

(b) C8H4< I +MeI
\NH.CH„

,CH: CMe
= C6H4< | +HI

\NMe.CH2
(Fischer and Steche, B. 20, 818, 2200; A.
242, 353).1. For the préparation of chloro-
quinolines by the condensation of malonanilic
acid, C6H5NH.CO.CH2.COOH,and its homologues
with phosphorus pentachloride cf. Bugheimer
and Hoffmann, B. 17, 737 ; Bugheimer and
Schramm, B. 20, 1236.

AliKYL DERIVATIVES.

(i.) Quinaldine. 2'-Methylquinoline.
Formation.— Quinaldine occurs in coal-tar

quinoline to the extent of about 25 p.c. (Jacobsen
1 This reaction, which at first sight appears to corre¬

spond with Ciamician's synthesis of pyridine- from pyrrole-
derivatives (B. 14,1154 ; 15,1173), differs, however, in that
the entering Carbon atom assumes an a- and not a /3- posi¬
tion to the nitrogen atom. As Magnanini has shown, the
Ciamician reaction can be extended to indoles, methyl-
ketole yielding 3'-chloroquinaldine on treatment with
chloroform and sodium ethylate (B. 20, 2609 ; G. 19, 569).
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and Beimer, B. 16, 1084 ; Jacobsen, Germ. Pat.
23967). It is obtained synthetieally by warming
a mixture of aniline and aldol with eoncentrated
hydrochloric acid (Dôbner and Miller, B. 16,
2465) ; by heating crotonie aldehyde with aniline,
nitrobenzene, and sulphuric acid (Skraup, B. 15,
897) ; by warming orthamidobenzaldehyde ancl
aeetone in aqueous solution with a small quantity
of caustie soda (Friedlander and Gohring, B. 16,
1835) ; by heating acetonyl-quinoline with eon¬
centrated hydrochloric acid at 170° (0. Fischer
and Kuzel, B. 16, 165), by reducing orthonitro-
benzylidene-acetone with stannous chloride
(Drewsen, B. 16, 1954 ; Farbw. vorm. Meister,
Lucius & Briining, Germ. Pat. 22138 of July
25, 1882, expired Bec. 1886; Eng. Pat. 3541 of
1882), and is best prepared by warming a
mixture of 1^ parts of paraldehyde, one part of
aniline, and two parts of strong hydrochloric
acid for some hours on a water-bath (Dôbner and
Miller, l.c., Chem. Eab. auf Actien. (vorm. E.
Schering), Germ. Pat. 24317 of Aug. 19, 1882,
Eng. Pat. 956 of 1883; Actieng. fur Anilinfab.,
Germ. Pat. 28217 of June 20, 1883 ; Eng. Pat.
4207 of 1883 (v. supra).

Properties.—It is a colourless, strongly re-
fractive oil, which has a slight quinoline-like
odour, and boils at 238-239° under 716 mm.
pressure (Dôbner and Miller, B. 14, 2814) ; at
244-245° under 750 mm. pressure (Hoogeweriï
and van Dorp, Bec. trav. chim. 3, 344). The
salts, as a rule are readily soluble in water ; the
chromate is characterised by erystallising in yel-
lowish-red needles sparingly soluble in cold water.

Quinaldine when heated with phthalic anhy¬
dride and zinc chloride is converted into quino-
phthalone (v. infra). Condensation compounds
are also formed with aldéhydes, and of these the
compound with chlcral is converted by treatment
with alkalis and subséquent oxidation with
potassium permanganate into 2'-quinoline-alde-
hyde (Miller and Spady, B. 18, 3404 ; 19, 130 ;
Einhorn, B. 18, 3467 ; Earb. vorm. Meister,
Lucius & Briining, Germ. Pat. 36964 of Dec. 29,
1885 ; expired May 1890). On oxidation with
eoncentrated nitric acid it yields nitroquinoline-
2'-carboxylic acid (Dôbner and Miller, B. 15,
3076) ; with potassium permanganate it forms
acetylanthranilic acid and oxalic acid (ibid., B.
15, 3077), and with chromic anhydride and sul¬
phuric acid it yields quinaldinic (quinoline-2'-
carboxylic) acid (Dôbner and Miller, B. 16, 2472).
Treatment with tin and hydrochloric acid eon-
verts it into the tetrahydro- derivative (Dôbner
and Miller, B. 16, 2467). When dissolved in an
équivalent quantity of eoncentrated nitric acid,
and the solution gradually added to a mixture of
6 parts of fuming nitric acid and 6 parts of eon¬
centrated sulphuric acid, a mixture of 39 p.c. of
ortho- and 61 p.c. of meta-nitroquinaldinc is
obtained (Dôbner and Miller, B. 17, 1699 ; Ger-
deissen, B. 22, 245). On sulphonation with
fuming sulphuric acid at 100° quinaldine yields
a mixture of the ortlio-, meta- and para- mono-
sulphonic acids (Dôbner and Miller, B. 17,1703 ;
Chem. Fab. auf Actien. (vorm. E. Schering), l.c.,
Germ. Pat. 29819 of Oct. 2, 1883 ; Bichard, B.
23, 3488).

(ii.) Lepidine. 4'-Methylquinoline.
Formation.—Lepidine occurs in the pro-

duct formed by distilling cinchonine with

caustic potash (G. Williams, Trans. B. S. Edin.
[3] 21, 377 ; cf. Oeehsner, Bl. 38, 546), and has
been prepared synthetieally by saturating a mix¬
ture of methylal and aeetone with gaseous hy-
drogen chloride, adding aniline, and heating
with eoncentrated hydrochloric acid (Beyer, J.
pr. [2] 33, 418 ; Farbw. vorm. Meister, Lucius
& Briining, Germ. Pat. 35133 of July 14, 1885;
expired Nov. 1886 ; v. supra).

Préparation.—The fraction, b.p. = 250-260°,
of the product obtained by distilling cinchonine
with caustic potash is dissolved in 3-4 parts of
warm alcohol, and converted into acid sulphate
by the addition of 2 parts of sulphuric acid
(sp.gr. = 1-53). The crystalline sulphate which
separates is then deeonrposed by potash (Hooge-
werff and van Dorp, Bec. trav. chim. 2, 1).

Properties.—Lepidine is an oil, with the
odour of quinoline. It boils at 265-5° under
746-7 mm. pressure, has a sp.gr. = 1-0862 at 20°
(Krakau), and is miscible in ail proportions with
alcohol, ether, benzene, &c. On oxidation with
chromic acid mixture it is slowly converted into
cinchoninic (quinoline-4'-carboxylic) acid.

HyDKOXY- DEErVATIVES.

Hydroxy- derivatives of quinoline, quinaldine,
and lepidine are obtained by the synthetical
methods already described (v. supra), but men¬
tion can only be made of three of the isomeric
hydroxyquinolines. These hydroxy- derivatives
resemble the phénols in properties, forming
with caustic alkalis salts which are décomposé!
by carbon dioxide ; and in the case of ortho- and
parahydroxyquinoline yielding yellow, red, or
brown azo- dyes on treatment with diazotised
bases (O. Fischer and Benouf, B. 17, 1642).
On réduction with tin and hydrochloric acid the
corresponding tetrahydro- derivatives are pro-
duced in the case of those compounds which
contain the OH radiele in the ' benzene-ring ' ;
those which contain the radiele in the ' pyridine-
ring,' however, are not reduced under these con¬
ditions, but on treatment in boiling alcoholic
solution with sodium eliminate the hydroxyl
with the formation of tetrahydro- derivatives cf
quinoline or its homologues.

(i.) Orthohydroxyquinoline. Quinophcnol
C„HbN(OH).

Préparation.—Orthohydroxyquinoline is pre¬
pared either by heating a mixture of orthamido-
phenol and orthonitrophenol with glycerol and
sulphuric acid at 130-140° (Skraup, M. 3, 536;
Germ. Pat. 14976 of Feb. 16, 1881; Eng.
Pat. 678 of 1881), or by fusing quinolineortho-
sulphonic acid with 2-3 times its weight of
caustic soda (Bedall and O. Fischer, B. 14, 443,
1366).

Properties.—It crystallises from dilute al¬
cohol in long, lustrous, prismatic needles, melts
at 76°, boils at 226-6° under 752 mm. pressure
(Skraup), is volatile with steam, and is sparingly
soluble in water and ether, readily soluble in
alcohol and benzene. Ferrie chloride added to
its solution gives an intense green colouraticn,
which on addition of sodium carbonate becomes
darker with the séparation of a greenish-black
precipitate. Like the orthohydioxytoluquinol-
ines, quinophenol gives intense yellow and grey
colours with aluminium and iron mordants re-

spectively (Nôlting and ïrautmann, B. '23,
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36 60). The methoxy- derivative, orthoquin-
anisoïl, obtained either by methylating ortho-
hydroxyquinoline (Bedall and 0. Fischer, B. 14,
2570) or by the Skraup reaction from orthan-
isidine (Skraup, M. 3, 540), boils at 265°-2C6°,
and on réduction with tin and hydrochloric acid
is converted into the tetrahydro- derivative.

Derivatives.—Ortliohydroxytetrahydro-
quinoline, obtained by réduction of ortliohy-
droxyquinoline with tin and hydrochloric acid
and subséquent décomposition of the resulting
stannochloride with sulpliuretted hydrogen,
crystallises in colourless needles, melts at 121-
122°, is not volatile with steam, and dissolves
fairly readily in hot water (Bedall and 0. Fischer,
B. 14,1368).

Kairine. Orthohydroxytetrdhydro-V-mcthyl-
guinoline OH.CaHs.NMe.

Préparation. ■— Molecular proportions of
orthohydroxytetrahydroquinoline and methyl
iodide are carefully mixed together, and when
the vigorous reaction has ceased the product is
gently heated in a reflux apparatus until ail
odour of methyl iodide has disappeared, then
dissolved in water, preeipitated by caustic soda,
and the separated base rapidly filtered, washed
ivith water, and crystallised from ether or benz-
ene (0. Fischer, B. 16, 714 ; Germ. Pat. 21150
of Mareh 1, 1882 ; expired July 1S84; Eng. Pat.
3044 of 1882).

Properties.—It crystallises from ether in
rhombic tables, from alcohol inprismatic forms,
melts at 114°, and is sparingly soluble in water,
readily in warm alcohol, benzene, or aqueous
caustic potash. In alcoholic solution it gives
with ferrie chloride a deep-brown colouration,
and in dilute sulphuric acid solution it yields
with sodium nitrite a reddish-yellow colouring
matter. Thehydrochloride, C10H13NO,HC1 + H20,
crystallises in colourless, lustrous, monoclinie
forms, dissolves readily in water, and was at one
time employed as a fébrifuge, under the name
kairine.

Orthohydroxytetrahydro - 1' - ethyl -

quinoline OH.C,,H9.NEt, obtained by ethylating
ortbohydroxytetrahydroquinoline, crystallises
from ether in monoclinie tables or scales (O.
Fischer, B. 16, 717 ; O. Fischer and Benouf,
B. 17, 756), melts at 76°, and is sparingly soluble
in water, readily in alcohol, benzene, &a. The
hydrochloride, C„H15N0,HC1, crystallises in
rhombic prisms or needles, is readily soluble in
water, has a cooling taste, which afterwards be-
comes bitter, and was employed as an antipyretic,
under the name kairine-A.

ICairocoll, CHHnN02, prepared by the
action of chloracetic acid in aqueous solution on
orthohydroxytetrahydroquinoline at 100°, crys¬
tallises in long slender needles, melts at 66°,
and is sparingly soluble in water, readily in
alcohol and ether (O. Fischer, B. 16, 718).

(ii.) Parahydroxyquinoline.
Préparation.—Parahydroxyquinoline is pre¬

pared by heating a mixture of paramidophenol
and paranitrophenol with glycerol and sul¬
phuric acid in the ordinary way (Skraup, M. 3,
545; Germ. Pat. 14976 of Feb. 16, 1881; Eng.
Pat. 678 of 1881), and by fusing quinoline-
parasulphonic acid (obtained either by the
Skraup method from sulphanilic acid (Farbw.
vorm. Meister, Lucius & Brilning, Germ. Pat.

26430 of Aug. 3, 1883), or by heating quinol-
ine with seven times its weight of concentratecl
sulphuric acid of 66°Bé. at 275°-280° for 24
hours (Bad. Anilin- & Sodafab., Germ. Pat. 40901
of March 5, 1887)) with 2-3 times its weight of
caustic soda (Farbw. vorm. Meister, Lucius &
Briining, l.c. ; O. Fischer and Willmack, B. 17,
440 ; Happ, B. 17, 193).

Properties.—It crystallises from alcohol in
small prisms, melts at 193°, boils above 360°,
does not volatilise with steam, and is very spa¬
ringly soluble in cold water and ether, more
soluble in alcohol, and readily soluble in acids
and alkalis. In dilute alcoholic solution it gives
with ferrie chloride a pale-yellow colour.

Derivatives. — Paramethoxyquinoline,
paraquinanisoïl, CBHBN.OMe, is obtained either
by methylating parahydroxyquinoline (Skraup,
M. 3, 544), or by heating a mixture of paranis-
idine and paranitranisoïl with glycerol and sul¬
phuric acid at 140-150° (Skraup, M. 6, 762 ; Bad.
Anilin- & Sodafab., Germ. Pat. 28324 of Nov.
11, 1883). It is an oil which boils with slight
décomposition at 304-305° under 740 mm. pres¬
sure, but without décomposition at 193° under
50 mm. pressure, and has a sp.gr. = 1-1542 at
20°. The aqueous solutions of its salts show a
blue fluorescence, and on treatment with chlor-
ine-water and ammonia give a green coloura¬
tion, and subsequently a green precipitate, thus
resembling quinine salts. It gives no coloura¬
tion with ferrie chloride.

Thalline. Tetraliydroparamethoxyquinoline,
Tetrahydroparaquinanisoïl, C(JH10N.OMe.

Préparation.—A mixture of 4 parts of granu-
lated tin, 15 parts of hydrochloric acid of sp.gr.
= 1-14, and 1 part of paraquinanisoïl hydro¬
chloride is warmed for 8-10 hours on a water-
bath. On cooling, the sparingly'soluble crystal-
line stannochloride separates, and is decomposed
by treatment with zinc, which eonverts it into
the zincochloride, a minimum of water being
employed so that the zinc sait will just dis¬
solve at the boiling-point. The zincochloride
is finally decomposed by excess of alkali, and the
base, which separates as an oil but afterwards
crystallises, is purified by crystallisation from
alcohol (Bad. Anilin- & Sodafab., Germ. Pat.
30426 of June 18, 1884). The stannochloride
may also be decomposed by sulphuretted hydro¬
gen (Skraup, M. 6, 767).

Properties.—Thalline crystallises from al¬
cohol in thick rhombic prisms, melts at 42-43°,
boils at 283° under 735 mm. pressure, and is
very sparingly soluble in cold water, readily
soluble in alcohol and benzene. The aqueous
solutions of its salts are coloured an intense
green by ferrie chloride, chlorine water, and other
oxidising agents. Thalline, as sulphate or tar-
trate, was at one time employed as an antipy¬
retic. The sulphate (CJ0H13NO,,).,,H2SOJ + 2H.fi,
crystallises from dilute alcohol in long needles,
dissolves in 5 parts of water at the ordinary
température, and is very sparingly soluble in ab-
solute alcohol ; the tartrate, B.C,H806, forms
rhombic tables, and dissolves in 10 parts of
water at 15° (Fliiekiger, J. 1886, 931).

(iii.) Carbostyril 2'Hydroxyquinoline.
Formation.—Carbostyril has been prepared

by reducing ethyl orthonitrocinnamate with al¬
coholic ammonium sulpliide (Friedliinder and
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Osterrnaier, B. 14, 1916 ; cf. Chiozza, A. 83,
118), by heating orthamidoeinnamic acid with
hydrochloric acid in a reflux apparatus for some
time (Tiemann and Oppermann, B. 13, 2070 ;
cf. Baeyer and Jackson, B. 13, 115), by heating
4'-hydroxydihydrocarbostyril (Einhorn, B. 17,
2012), by heating quinoline with an excess of
bleaching-powder solution until reaction ceases
(Erlenmeyer and Bosenhek, B. 18, 3295 ; Ein¬
horn and Lauch, B. 19, 53), and by boiling
orthamidocinnamic acid for some time with 5
parts of 50 p.c. sulphuric acid (Feer and Koenigs,
B. 18, 2395).

Properties.—It crystallises from alcohol in
large prisms, from a 1 p.c. aqueous solution with
1 mol. prop. H,0 in longer and very slender
needles, melts at 199°, and is scarcely soluble in
cold water, readily in hot water, alcohol, andether.
On oxidation with potassium permanganate in
alkaiine solution it yields isatin-and kynuric or
car6os%r£Zicœcici,COOH.C5H4.NH.C(OH)2.COOH
(Friedlander and Ostermaier, B. 15, 332). Acid
reducing agents do not aet upon it, but on treat-
ment in boiling alcoholic solution with sodium
it yields tetrahydroquinoline (Knorr and Klotz,
B. 19, 3302). In many of its reactions, carbo-
styril has the properties of a phénol ; thus it
forms salts with caustic alkalis and its silver
sait on digestion with ethyl iodide giyes the

yCH:CHether C6H4<^ | (Friedlander and Wein-
NN :C.OEt

berg, B. 15, 1422),in others, however, it has the
yCHlCH

properties of a keto- compound C6H4^ | ;
\NH.CO

thus on treatment in alcoholic solution with
sodium ethylate and ethyl iodide it yields
l'-ethylpseudocarbostyril or l'-ethyl-2'-keto-
dihydroquinoline (Friedlander and Weinberg,
B. 18, 1528 ; Friedlander and Miiller, B. 20,
2009).

Quinoline Coloueing Mattees.
The dyes obtained from quinoline derivatives

are few in number, and, with the exception of
alizarin-blue, have no commercial value on ac-
count either of their cost or the fugitive nature
of the colours. In addition to the colouring
matters mentioned below, alizarin-blue (v. Ali-
ZAEIN AND ALLIED COLOUEING HATTEEs) and chryS-
aniline (y.v.) are quinoline dyes, but have already
been described.

(i.) Flavaniline 2' - Paramidophenyl - 4' -
metliylquinoline C]6H14N2 (Besthorn and O.
Fischer, B. 16, 68 ; O. Fischer and Taiiber, B.
17, 2928.)

Préparation.—Flavaniline is obtained by the
action of zinc chloride on acetanilide or acetyl-
amidobenzoic acid at 250-270° for many hours,
and separated by extracting the product with
dilute hydrochloric acid and adding sait and
some sodium acetate to the solution ; the yield,
however, is not good (O. Fischer and Budolph,
B. 15, 1500 ; Farbw. vorm. Meister, Lucius &
Briining, Germ. Pat. 19766 of Dec. 10, 1881 ;
21682 of April 6, 1882, exp. April 1885 ; Eng.
Pat. 5427 of 1881). It has also been prepared
by heating aniline hydrocloride with acetic an¬
hydride at 180-200° for 12 hours (Baum,
Germ. Pat. 27948 of July 3, 1883, expired Nov.

1886), by heating acetanilide hydrochloride at
280° for 6 hours (Nôlting and Weingartner, B.
18, 1341), and by heating either orthamidoaceto-
phenone at 250°, or amixture of ortho- andpara-
amidoacetophenone at 100°, with zinc chloride
(O. Fischer, B. 19, 1037), a fair yield being ob¬
tained in the last case.

Properties. — Flavaniline crystallises from
benzene in long needles, melts at 97° and is
slightly soluble in water, readily soluble in
alcohol. It forms two sériés of salts, and
its orange-red, microcrystalline hydrochloride
C16H,4N2,HC1 has been employed as a bright-
yellow dye for silk and wool (Kôchlin, D. P. J.
253, 86). It dissolves in concentrated sulphuric
acid forming a colourless fluorescent solution,
but is sulphonated by anhydrosulphuric acid
with the formation of Flavaniline-S.,agreen-
ish-yellow dye for wool. When diazotised,
flavaniline is converted into flavenol C,6H]3N0
(m.p. = 238°), which on distillation with zinc-
dust is reduced to flavoline.

Derivative. — Flavoline (2'-phenyl-i'-me-
thylguinoline) G10H1SN, obtained by réduction of
flavenol, has been prepared synthetically by
heating a solution of orthamidoacetophenone
and acetophenone in aqueous alcohol with 10 p.c.
aqueous caustic soda at 100° (O. Fischer, B. 19,
1037). It crystallises in white scales or thick
tables, melts at 64-65°, distils above 300° with-
out décomposition, and on nitration and subsé¬
quent réduction is converted into flavaniline.

(ii.) Cyanine or Quinoline-blue CaN^NJ.
Cyanine was prepared by G. Williams (Trans.
B. S. Edin. 31 (1856), 377) by the action of
alkalis on the product obtained by heating cin-
chonine-quinoline with amyl iodide (C. N. 2,219)
and examined later by Hofmann (Pr. 12, 410),
Nadler and Merz (J. pr. 100,129) and Spalteholz
(B. 16,1847). Aceording to Hoogewerff and van
Dorp (Ree. trav. chim. 2, 28, 41, 317 ; 3, 337),
colouring matters of the cyanine class are formed
by the action of caustic potash upon mole-
cular proportions of quinoline and lepidine
alkyl iodides, thus :

C8H;N,XI + C,„H9N,YI = C]9H13N2,XYI + HI+H,
Préparation.—The amyl derivatives of quinol¬

ine and lepidine are first prepared by digesting
the bases with amyl iodide in alcoholic solution
on a water-bath. A solution of 1 part of amyl-
quinoline iodide (m.p. = 184-185°) and 2 parts of
amyllepidine iodide (m.p. = 158-160°) in 20 parts
of warm alcohol is treated with the requisite
amount of caustic potash, the alcohol removed
by distillation, and the dye-stuS either extracted
from the residue by acetone, or the resinous
matters dissolved out by benzene, inwhich cyanine
is insoluble. A third method of séparation, pré¬
cipitation of the very sparingly soluble periodide
CjjHjjNJ + I; (m.p. = 187-189°), by addition of
an alcoholic solution of iodine to the alcoholic
solution of the product, and subséquent conver¬
sion into cyanine by treatment with alkali, can
also be employed. The yield amounts to about
50 p.c. of the amyllepidine used (Hoogewerff
and van Dorp, Bec. trav. chim. 3, 337).

Properties. — Cyanine crystallises in long
needles with li H20 (ibid.), and from alcohol by
slow evaporation in eantharides-green, mono-
clinic (Arzruni, Bec. trav. chim. 3, 354) tables,
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melts at 100° to a bronze-eoloured liquitl, and is
insoluble in water and ether, but soluble in
aleohol. It combines with 1 and 2 mol. props.
of monobasic acids forming salts, which are
respectively blue and colourless. Cyanine dyes
silk a beautiful blue, which by lamp-liglit appears
lilac, but the colours are very fugitive. It finds
a limited use in photography (v. Quinoline-red,
infra).

Otlier cyanines, suclr as dimethylcyanine
iodide C2]H1(1N2I and the diethylcyanine iodides
CjjHjjNJ from lepidine and from quinaldine
have been described (Spalteholz, ï.c.; Hooge¬
werff and van Dorp, Eec. trav. chim. 2, 317 ;
3, 337).

(iii.) Quinophthalone Spirit-soluble g^uinol-
ine-yellow C0<q^'>C:CH.CsH6N.

Préparation.—Moleeular proportions of quin¬
aldine (10 parts) and phthalic anhydride (12
parts) are fused with zine chloride (12 parts)
at 200-210° for 5-6 hours. The melt is boiled
ont with dilute hydroehloric aeid to extract zinc
chloride, phthalic acid and unattacked base, and
the insoluble residue filtered, ground, and dried
(Jacobsen and Keimer, B. 16, 513, 1082, 2602 ;
Germ. Pat. 23188 of Nov. 4, 1882 ; 25144
of April 18, 1883; Eng. Pat. 1362 of 1883;
Traub, B. 16, 297, 878).

Properties.—Quinophthalonecrystallisesfrom
aleohol in slender, golden-yellow needles, melts
at 234-235°, is insoluble in water, sparingly
soluble in boiling aleohol, readily soluble in
acetic acid and chloroform. When heated with
excess of alcoholic ammonia at 200° for 40
hours it is converted into a basic yellow colour-
ingmatter quinophthalin ClsHl2N20 (Farbw.
vorm. Meister, Lucius & Briining, Germ. Pat.
27785 of Nov. 20, 1883, expired April 1891).
Concentrated sulphuric acid dissolves it, forming
a yellow solution, but anhydrosulphuric acid
converts it into

Quinoline-yellow, which consists of a mix¬
ture of quinophthalonemono- and di- sulphonic
acids as sodium salts.

Préparation.—Quinoline-yellow is obtained
by dissolving quinophthalone in 3-3-5 parts of
'fuming' sulphuric acid in the cold, the product
being converted into calcium sait, and thenee
into sodium sait in the usual way.

It is a yellow powder, which dissolves readily
in water and dyes wool a fast greenish-yellow in
an acid bath.

(iv.) Quinoline-green has been prepared by
the action of phosphorus oxychloride (0-9 part)
on a mixture of quinoline (2 parts), and tetra-
methyldiamidobenzophenone (1-4 parts). The
zinc chloride, obtained by precipitating the
aqueous solution of the product with sait and
zinc chloride, gives bluish-green shades on
animal fibres, and on eotton mordanted with
tannin, but does not appear to have been em¬
ployé! as a dye-stuff (Bad. Anilin- & Sodafab.,
Germ. Pat. 27789 of Dec. 18, 1888).

(v.) In addition to these colouring matters, a
violet dye for silk, wool, and cotton has been
obtained by heating quinoline (50 parts) with
rosaniline (10 parts) and benzoic acid (1 part)
at 130-140°, until the évolution of ammonia
cesses (Bad. Anilin- & Sodafab., Germ. Pat.
49008, of April 11, 1S89).

Vol. III.—T

.CHkCH
Isoquinoline CSH,^ | . Isoquinoline isXCH:N

présent in coal-tar quinoline (Hoogewerfï and
van Dorp, Bec. trav. chim. 4, 125, 285 ; 5, 305 ;
cf. Dewar, Pr. 30, 167). It has been pre¬
pared syntlietically from homo-orthophthalimide

/CH2.CO
C.H,<) I by distillation with zinc-dust in\ CO.NH
a current of hydrogen (Le Blanc, B. 21, 2299),
and from a-fî-dichloroisoquinoline (obtained,
together with a-chloro-/3-hydroxyisoquinoline, by
the action of phosphorus oxychloride on homo-
orthophthalimide at 150-170°) by réduction
with hydriodic acid (sp.gr. = 1-96) at 230° (Ga¬
briel, B. 19, 2361).

Préparation.—The acid sulpliates of quinol¬
ine and quinaldine are more soluble in aleohol
than the isoquinoline sait. Coal-tar quinoline is
therefore dissolved in twice its weight of 95-96
p.c. aleohol, one mol. prop. of sulphuric acid
added, and the whole allowed to stand for some
time in the cold. The separated crystalline sul-
phates of quinoline and isoquinoline are decom-
posed by caustic potash, and the mixed bases
fractionated between 230-236° and 236-243°.
The latter fraction is again converted into acid
sulphate, and this is repeatedly crystallised
from twice its weight of 88 p.c. aleohol until
its melting-point rises to 205° (Hoogewerff and
van Dorp, l.c.).

Properties. — Isoquinoline crystallises in
tables, melts at 22°, boils at 236-5° (Gabriel), at
240-5° (therm. in vapour) under 763 mm. pres¬
sure (Hoogewerff and van Dorp), has a quinol-
ine-like odour, and is volatile with steam. On
oxidation with potassium permanganate in alka-
line solution, it yields ammonia, phthalic acid,
cinchomeronic (pyridine-3-4-dicarboxylic) acid,
and traces of oxalic acid (Bec. trav. chim. 4,
285) ; in neutral solution, however, it is con¬
verted into phthalimide (Goldschmiedt, M. 9,
676). Isoquinoline possesses considérable inter-
est in view of the fact that among its deriva-
tives are the vegeto-alkaloids papaverine (Gold¬
schmiedt, M. 6, 667), narcotine (Boser, A. 254,
357), hydrastine (Freund and Bosenberg, B. 23,
414), and berberine (W. H. Perkin, jun., C. J. 57,
1006). One colouring matter has been obtained
from isoquinoline, namely—

Quinoline-red, isoquinoline-red CojHjgNjCl.
This dye, which, from its mode of formation,
belongs to the malachite-green sériés, was ob¬
tained by E. Jacobsen by the action of benzo-
trichloride, benzochlorodibromide, or benzal
chloride, on a mixture of coal-tar quinoline and
zinc chloride (Germ. Pat. 19306 of Feb. 14,
1882, exp. June 1886 ; 23967 of Dec. 16, 1882,
exp. June 1886), and is formed by the interaction
of benzotriehloride, isoquinoline, and quinaldine
in moleeular proportions, either at 150°, or
more rapidly in the presence of zinc chloride at
120°.

Préparation. —(1) A mixture of 25 grams of
zinc chloride and 100 grams of coal-tar quinoline
(b.p. 235-240°) is warmed on a water-bath, and
treated with 40 grams of benzotriehloride, added
at such a rate that the température does not
rise beyond 120-130°. The product is then
mixed with a litre of milk of lime (containing
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100 grams CaO), the unattacked quinoline1
(about 50 p.c.) separated by steam distillation,
and the residue filtered. The clear filtrate, after
treatment with 25 c.e. of hydroohlorio aeid of
21°Bé., gives, on cooling, an almost complété
séparation of the dyestuiï in the crystalline
form. The yield amounts to about 10 p.e. of
the quinoline actually employed (Zierold, quoted
by Hofmann, B. 20, 5).

(2) For photographie purposes a very pure
quinoline-red is required, and it is préférable,
therefore, to bring about the condensation with
pure quinaldine and a material, which, if not pure
isoquinoline, contains it in considérable quan-
tity. 10 parts of isoquinoline and 11 parts of
quinaldine are heated with 5 parts of zinc chlor-
ide at 120-130°, 15 parts of benzotrichloride are
gradually added at this température, and the
melt worked up as before. Tolu- and xylo-
quinaldines may be employed instead of quinal¬
dine in this reaction (Actieng. fiir Anilinfab.,
Germ. Pat. 40420 of Nov. 2, 1886).

Properties.—Quinoline-red forms dark-red,
bronze-lustred needles or thin monoclinic prisms,
and is almost insoluble in cold water, but
readily soluble in hot water and alcohol, forming
solutions which are carmine-red by transmitted
light, and in reflected light show a marked
yellowish-red fluorescence. On réduction with
zinc and hydroehloric acid it is quickly deco-
lourised with the formation of a leuco-base ; but
when heated with alcoholic ammonium sulphide
at 200° it yields benzylmercaptan (derived from
the group introduced in the form of benzotri¬
chloride) and a new base C19HhN2, which crys-
tallises in plates of golden lustre and melts at
231° (Hofmann, Z.c.). Quinoline-red dyes wool
and silk bright rose, with some indication of
yellow fluorescence, and also dyes mordanted
cotton, giving, however, non-fluorescent shades ;
the colours are not fast to light. As a dyestuiï
it is valueless, but with cyanine it finds a limited
employment in the préparation of ' azaline-
plates ' for photographie purposes (Vogel,
Germ. Pat. 39779 of May 16, 1886; v. Photo-
geaphy).

A second quinoline-red is obtained by em-
ploying quinoline instead of isoquinoline in the
above préparation, but the yield amounts only to
1-5 p.c. No différence hus been detected in the
chemical behaviour of the two reds, but the
solutions of the red prepared from quinoline are
crimson, with a slight violet tint ; and although
the absorption spectrum of both dyes consists of
two bands in the green and bluish-green, the
bands of quinoline-red are narrower and more
intense than those of isoquinoline-red.

W. P. W.
QUINOLINE DYES v. Quinoline.
QUINOLINIC ACID v. Bone oïl.

QUINONE (kinone ; Gliinon, Ger.).
/9%

CHO CH
Il I I
CHO CH"

1 The recovered quinoline gives practically no quinol¬
ine-red on a second treatment with benzotrichloride, since
it is almost completely free from isoquinoline and quinal¬
dine.

Quinone was first obtained, in 1838, by Woskre-
sensky (A. 27, 268) by the oxidation of quinic
aeid with manganèse dioxide and dilute sul-
phuric acid. It is formed by the oxidation of
many para-disubstitution derivatives of benzene,
such as p-dihydroxybenzene (quinol, hydro-
quinone), p-amidophenol, sulphanilic acid, and
others. Best prepared by dissolving 1 part of
aniline in 8 parts of sulphuric acid diluted with
25 parts of water, and gradually adding to the
liquid a concentrated solution of sodium bichro¬
mate. The solution is then twice extracted with
ether, which on evaporation deposits the quin¬
one (Nietzki, B. 19, 1,468 ; Seyda, B. 16, 687 ;
v. also Schniter, B. 20, 2,283). The quinone may
be purifled by recrystallisation from light petro-
leum.—Thin yellow prisms, melting at 115°.
Sublimes readily, and is volatile with steam ; has
a peculiar and penetrating odour; is sparingly
soluble in cold water, more readily in hot water,
alcohol, and ether. The aqueous solution stains
the skin brown. Beducing agents, sucli as sul-
phurous acid, stannous chloride, or hydriodie
.aeid, readily convert it into quinol CsH,(0H),
(1, 4) ; and, as an intermediate stage, quinhy-
drone C,2H10O4 (Wôhler), C,8HhOs (Wichelhaus)
is formed, a compound which may also be ob¬
tained by the direct union of quinone with
quinol. Concentrated nitric acid dissolves it in
the cold without decomposing it, but hot nitric
acid converts it into picric acid and oxalic acid.
It unités with gaseous hydroehloric acid to form
ehlorquinol C6H3C1(0H)2 (cf. following article).
With free chlorine it yields chiefly triehlor-
quinone, whilst potassium chlorate and hydro¬
ehloric acid convert it into tetrachlorquinone (v.
infra). Heated with hydroxylamine hydro-
chloride it forms p-nitrosophenol CBHtO(N.OH)
and quinone-dihydroxime CsH4(N.OH)2. Beacts
with primary aminés, yielding crystalline com-
pounds ; thus with aniline it forms dianilido-
quinone C6H202(NH.C6H5)2.

Tetrachlorquinone (chloranil) C6C1,02, the
most important of the halogen substitution de¬
rivatives of quinone, was obtained by Erdmann,
in 1841, by treating chlorisatin or dichlorisatin
with chlorine (A. 48, 309). Formed by the
action of potassium chlorate and hydroehloric
acid on various benzene compounds, such as
aniline, phénol, and salicylic acid. Best pre¬
pared from the mixture of phenol-sulphonic
acids, obtained by heating phénol with an equal
weight of concentrated sulphuric acid on the
water-bath. This mixture is dissolved in 20
times its weight of hot water, together with from
2 to 2-5 parts of potassium chlorate, and an
excess of strong hydroehloric acid is added. The
reaction soon begins ; the liquid turns brown,
whilst chlorine and its oxides escape, and yellow
crystalline laminœ separate on the surface.
After standing for 24 hours, steam is blown into
the mixture in order to finish the reaction. The
yellow crystalline substance is separated by til-
tration through calico and washed with water.
The crude product thus obtained consists of a
mixture of trichlorquinone and tetrachlorquin¬
one. To préparé from it pure tetrachlorquinone
it is first boiled for some hours with concentrated
hydroehloric acid, which converts the trichlor¬
quinone into tetrachlorquinol

C6HC1S02 + HC1 = C6C14(0H)2,
IRIS - LILLIAD - Université Lille 1



QUINONES. 339

ifter which the tetrachlorquinol is oxidised to
tetrachlorquinone with nitric acid or chromie
acid (Knapp & Schultz, A. 210, 174).—Golden
yellow laminiE, which sublime withont previous
fusion, insoluble in water, sparingly soluble in
alcohol, more readily soluble in benzene. Ex-
ceedingly stable towards oxidising agents ; con¬
centrated nitric acid and aqua-regia are without
action on it. Concentrated sulphuric acid does
not attack it. Eeducing agents, such as sulphu-
rous acid and hydriodic acid, couvert it into
tetrachlorquinol ; and it is even reduced by boil-
ing with concentrated hydrochloric or hydro-
bromic acid :

C„C1402 + 2HC1 = C„C14(0H)2 + Cl2.
When beated with acetyl chloride to 100-180°,
it yields tke diacetyl derivative o£ tetrachlor¬
quinol :

C„C1402 + 2CJLOC1 = C6C14(0.C,H30)2 + Cl2
(Graebe, A. 146,12). Pkosphorus pentachloride
it 180° converts it into hexachlorbenzene :

C„C1402 + 2PC15 = C„C18 + 2P0C13 + CL.
Ammonia and primary aminés react with it,
replacing two chlorine atoms by two amido- or
substituted amido- groups ; thus ammonia yields
diamido-dichlorquinone C6C12(NH2).,02, and ani-
line dianilido-dichlorquinone C6C1.(NH.C8H3)202;
these compounds give a blue colouration with
eold concentrated sulphuric acid. Caustic potash
solution also withdraws two chlorine atoms,
forming potassium chloranilate C6C12(0K)202,
which dissolves in water with an intense violet
colour.

Tetrachlorquinone oxidises the leuco- com-
o{ the rosaniline group, such as leucanil-

ineand leucomalachite green, to the correspond-
ing colour-bases (Greiff, B. 12, 1610 ; Germ. Pat.
11412 of Nov. 11, 1879, expired March 1887).
In like manner it may be used to oxidise various
bases of the benzene sériés—such as dimethyl-
sniline, methyldiphenylamine—so as to couvert
them into colouring matters, which are identical
with those obtained from the same bases with
other oxidising agents (Germ. Pats. 8251 of June
24,1879, and 11811 of Nov. 12, 1879 ; v. also B.
12, 1952 ; 16, 2005, 2904, and 3044; 17, 100).
These processes have not proved successful on a
large scale. P. B. J.

QUINONES. The quinones are a class of com¬
pounds in which two hydrogen atoms, either in
the para- or in the ortho- position in a benzenoid
hydrocarbon, are replaced by two atoms of oxygen.

Graebe (A. 146, 1 ; Z. 1867, 39) regarded the
ciygen atoms in the quinones as linked together
toform the dyad complex O-O. This accounted
lor the fact that the two oxygen atoms replace
twohydrogen atoms, and also that the two oxygen
itoms in tetrachlorquinone may be replaced by
two chlorine atoms, instead of by four, when
this compound is heated with phosphorus penta-
thloride ;

C6C14(02)" + 2PC15 = C3C16 + 2POCL + Cl2.
Fittig, on the other hand (B. 6, 168), con-

sidered that the quinones were diketones, and
issumed that a redistribution of the affinities in
the benzene nucleus occurred during the intro¬
duction of the oxygen atoms. (Compare the two
formulas for quinone given in the preceding
article.)

It is difficult to décidé with eertainty between
these two views, but the great bulk of the évi¬
dence is in favour of that of Fittig, which will
tkerefore be adopted in the présent article. The
formation of quinones by the condensation of
fatty a-diketones, and their condensations with
two molécules of hydroxylamine hydrochloride
to form dihydroximes, can hardly be accounted
for on Graebe's view.

Formation.—Many quinones are formed by
the oxidation of the corresponding hydrocarbons
with chromium trioxide or with potassium
bichromate and sulphuric acid :

,CHV
C„H./Ï"\c6H)+30=C8h/

NCH/ N
\C„H4 + ÏLOco/

Authracene Anthraquiuone
In like manner naphthalene is oxidised to a-naph-
thaquinone Cl0HtiO2(l, 4). Anthraquinone and
a-naphthaquinone are paraquinones ; but ortlro-

C6H,.CO
quinones, such as phenanthraquinone | |

C8H4.CO
C6H4 .CO

and chrysoquinone | | , may also be obtained
CI0H6.CO

by the oxidation of their hydrocarbons. The
reaction takes place with great ease if an agent
be employed which ehlorinates as well as
oxidises, but chloroquinones are formed in this

.case. Thus benzene, when treated with potas¬
sium chlorate and dilute sulphuric acid, yields
dichlorquinone CdH2CL02 (Carius, A. 143, 315).

The oxidation to quinones takes place mueh
more readily in the case of hydroxy- and amido-
compounds. Phénol, when treated with chro¬
mium trioxide in aeetic acid solution, yields
ordinary quinone : thymol yields thymoquinone
C0HJ(C3H.)(CH3)O2. Aniline gives quinone; a-
naphthylamine may be oxidised to a-naphtha-
quinone. Compounds containing hydroxy- or
amido- groups in the para-position to one another
very readily yield quinones. Thus p-dihydroxy-
benzene (quinol),p-amidophenol, andp-phenyl-
enediamine give quinone on oxidation. The
relative position of the hydroxy- or amido-
groups may détermine whether an ortho- or a
para-quinone is to be formed. Thus amido-a-
naphtholC,0H6(NH2)(OH) (1, 4) gives a-naphtha-
quinone C4llHB02 (1, 4) ; amido-/3-naphthol
C10H6(NH2)(OH) (1, 2) yields the isomeric
0-naphthaquinone C]0HsO2 (1, 2) (Liebermann,
B. 14, 1310 and 1795). Metaquinones have not
been obtained.

When a-diketones of the général formula
X'.CH...CO.CO.Y' are warmed with a solution of
a caustic alkali, two molécules of the diketone
part with two molécules of water and unité to
form a para-quinone. Thus acetyl-propionyl
yields duroquinone :

CH;,.C|H:|.CO.Cm.CH3
ch3.c|o].co.c|h2|.ch3
ch3.c.co.c.ch3

Il II + 2H..O.
ch3.c.co.c.ch3

In like manner, diacetyl CH3.CO.CO.CH3 forms
ch3.c—co.ch

p-xyloquinone || || (vonPechmann,
ch.co.c.chj

B. 21, 1417).
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340 QUINONES.

Properties and réactions.—The quinones are
coloured compounds, the colour ranging from
yellow to orange and red. They are solid, and
may be sublimed or volatilised with steam.

Keducing agents convert the quinones into
hydroquinones (quinols), which are dihydric
phénols in which the two hydroxyl groups oocupy
the same positions as the two oxygen atoms of
the quinone :

co c(oh)
/ \ //\

CH CH CH CH

Il II +H2= | ||
ch ch ch ch

\ /
co c(oh)

Qninone Quinol.
As intermediate products quinhydrones are
formed, the composition of which has not been
established with certainty. The same com¬
pounds may be obtained by the partial oxidation
of hydroquinones with ferrie ehloride. Owing to
this tendeney to take up hydrogen, the quinones
aet as oxidising agents ; thus they liberate
clilorine and bromine from hydroehloric and
bydrobromic acids, but the halogen forthwith
replaces hydrogen in the nucleus of the hydro-
quinone formed :

cbh40„ + 2hc1 = csh4(oh), + cl2;
c6h4(ôh)2+ ci2 =c6h3ci(oh)2 + hci.

In the case of the perchlorinated quinone
this second reaction cannot occur, and the
halogen is liberated as such :

csc1402 + 2hc1= csc14(0h)2 +c12.
Tetrachlorquinone Tetrachlorquinol

Phenylhydrazine and free hydroxylamine re¬
duce many of the quinones ; but hydroxylamine
hydrochloride couverts them into dihydroxirnes :
thus ordinary quinone yields ceh4(n.oh)2,
which when oxidised with an alkaline solution
of potassium ferricyanide is converted into
p-dinitrosobenzene c6h4(no)2 and with fuming
nitric acid intop-dinitrobenzene c8h4(n02)2. The
dihydroxirnes of ortho-quinonesyieldanhydrides :
thus when 0-naphthaquinone-dihydroxime is
heated with dilute acids it parts with water
(Goldschmidt and Schmid, B. 17, 2067) :—

c'°h«<n.oh p- 2) = c10h0<^>o + h2o.
Some quinones are not reduced by phenylhydraz¬
ine, but react with it, eliminating water : a-
naphthaquinone yields with phenylhydrazine
benzene-azo-a-naphthol c]0hs(oh)(n:n.c6h5)
(1,4), whilst |3-naphthaquinone forms/3-naphtha-
quinone-hydrazone c10hso(n.nh.c6h5) (1, 2)
(Zincke and Bindewald, B. 17, 3026).

With the phénols the quinones unité directly
to form coloured compounds belonging to the
class of the quinhydrones (v. supra).

With ammonia and primary aminés they
react to form sparingly-soluble, more or less
highly-coloured compounds which dissolve in
concentrated sulphuric acid with a red, violet, or

blue colour. Différent classes of compounds are
formed with différent quinones (Zincke).

Orthoquinones differ from paraquinones in
reacting with aldéhydes and ammonia to forin
oxazoles :

CjHj.CO
| | + c6ha.cho +nh3

C„H4.CO Benzaldehyde
Phe 11 anthraquinone

c6h4.c—ox
= | il \c.c6h5 + 2h20

csH4.c—Hf"
Phenyl-diphenylene-

oxazole

(Japp and Wilcock, C. J. 37, 669 ; 39, 225 ; Japp
and Streatfeild, C. J. 41, 157).

Quinones in which there is no hydrogen
attached to the nucleus containing the two
earbonyl groups are muchmore stable than those
in which hydrogen is présent in this condition.
Thus, among the paraquinones, anthraquinone

C6H1<^^q^>C6H4 and duroquinone Cn(CH3)40,
are very stable compounds ; and for the same
reason, among the orthoquinones, phenanthra-

C6H4.CO
quinone | | is much more stable than

C^.CO
,00-00

/3-naphthaquinone C6H4^ I
M3H:CH. F.E.J.

QUINONOXIMES Nitrosophenols. Quinon-
oximes are obtained by treating phénols dis-
solved in aqueous alkali with sodium nitrite
and dilute sulphuric acid (cf. Baeyer and Caro,
B. 7, 967 ; Stenhouse and Groves, A. 188, 360 ;
189, 146 ; Ilinski, B. 17, 2590), or by treating
quinones in aqueous solution with hydroxyl¬
amine hydrochloride in the presence of alkali
(Goldschmidt, B. 17, 213, 805 ; Goldschmidt and
Schmid, B. 17, 2066 ; 18, 568, 2224 ; Auwers,
B. 22, 604). Originally regarded as nitroso¬
phenols, i.e. OH.C6H4.NO, inasmuch as they
readily undergo oxidation to the corresponding
nitrophenols, and réduction to the corresponding
amidophenols, they are now usually formulated
as quinonoximes, i.e. 0:C„H4:N.OH, on the ground
of their ready formation from quinones and
ready conversion into quinonedioximes (Nietzki
and Kehrmann, B. 20, 616 ; Nietzki and Guiter-
man, B. 21, 429) ; the two formulas, however,
are most probably tautomeric. As a rule, phénols
yield quinonoximes containing only one iso-
nitroso- group, but dihydric phénols, with the
hydroxyl radicles in the meta- or 1:3- position,
except betoreinol, give quinonoximes containing
two isonitroso- groups (cf. Kostanecki, B. 20,
3133). The quinonoximes of technical import¬
ance are dinitrosoresorcinol (v. art. Solid greex)
and the nitrosonaphthols (v. art. Naphthalexe).

A sériés of interesting, but technically un-
important, blue, bluish-green, or violet dyes for
silk and wool are obtained by condensation of
aromatic hydrazo-derivativeswith nitrosophenols
(Homolka, Germ. Pat. 40369 of June 13,1886).

QTJINOVIN v. Glucosides.
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RACEMIC ACID v. Tartaric acid.

RACK-A-ROCK v. Explosives.
RADDLE. A kind of red ochre v. Reddle.
RAFFINOSE v. Melitose.
RAIMONDITE. A hydrated ferrie sulphate

8Fe.,0s.3S03.7H=O of a brown-yellow eolour,
• crystallising in thin tabulai- hexagonal prisms
(Breithaupt, J. 1866, 952).

RATANINE v. Vegeto-alkaloxds.
RAURACIENNE v. Azo- colouking matters.
REALGAR. Huby sulphur As.,S., v. Arsenic.
REAUMUR'S PORCELAIN. Glass in the

process of working will often acquire a peeuliar
opacity. This appears to dépend on a physieal
change, sinee by a carefully-constructed process
a kind of crystallisation may be set up, pro-
ducing this porcellaneous appearance. Reaumur
attempted to introduce a material of this de¬
scription in the place of pottery (Ure).

RECTIFICATION is the terni applied to the
second and subséquent distillations of a volatile
liquid to free it from the impurities which may
have passed over in the first distillation.
More particularly applied to the distillation of
alcohol [q. v.) ; v. also Distillation.

RED, ANILINE, v. Triphenylmethane
colouring matteks.

RED, ANISOLE, v. Azo- colouking matteks.
RED ANTIMONY. Antimony oxysulphide

or kermesite v. Antimony.
RED, ARCHIL, v. Azo- colouking matteks.
RED CHALK. An earthy or argillaceous

iron ore, used as a drawing or marking mate¬
rial (v. Reddle).

RED, CHROME. Basic lead chrcmate v.
Chbomium.

RED, CLARET, v. Azo- colouking matteks.
RED, CONGO, v. Azo- colouking matteks.
RED COPPER ORE. Native cuprous oxide

v. Coppek.

RED, CRESOL, v. Azo- colouring matteks.
RED, DIAMINE, v. Azo- colouking matteks.
RED, FAST, v. Azo- colouking matteks.
RED FIRE v. Strontium.
RED HfEMATITE. Nativeferric oxidev. Iron.
RED, HESSIAN, v. Azo- colouking matters.
RED LEAD. Minium Pb.,04 v. Lead.
RED LIQUOR. G rude aluminium acetate v.

Acetic acid; also Wood, destructive distilla¬
tion of.

RED MANGANESE. Native manganous
carbonate, known also as diallogite v. Man¬
ganèse.

RED, NAPHTHIONIC, v. Azo- colouking
matteks.

RED, NEW, v. Azo- colouking matteks.
RED OCHRE. Oxide of iron mixed with

argillaceous matter.
RED OIL v. Oleic acid.

RED ORPIMENT. Bealgar v. Arsenic.
RED, PHENETOL, v. Azo- colouking matteks.
RED PRECIPITATE. Mcrcuric oxide, HgO

«. Mercury.
RED SILVER ORE v. Pkoustite and Pyrar-

gïbite ; also Silver.

RED, VENETIAN, v. Pigments.
REDDLE or RUDDLE is a soft, red, iron ore,

more or less impure, commonly associated with
deposits of hœmatite, as in the Forest of Dean,
at Ulverston, and at Whitehaven. It may be
regarded as a kind of red ochre, mixed with
argillaceous matter, and is used cliiefly for mark¬
ing sheep.

REDONDA PHOSPHATE v. under art. Aluhs ;
also Manures, artificial.

REDRUTHITE. A variety of euprous sul-
phide, known as chalcosine, copper glance, or
vitreous copper found in Cornwall, particularly
in the neighbourhood of St. Just, in various parts
of Scotland, and both crystallised and massive
in the porphyritic district in Ulster, and at the
Kenmare mines, Kerry.

RED SHORT. Iron and other metals which
are brittle at a red heat are said to be red
short.

REDUCTION. The abstraction of an electro-
negative element from, or addition of anelectro-
positive element to, any compound ; thus an
oxide, deoxidised by the action of hydrogen,
charcoal, &c., is said to be reduced. The addi¬
tion of hydrogen to an organic compound by
the action of sodium amalgam, &e., is also called
an opération of réduction.

RED WOOD v. Bkazilwood.
REGINA PURPLE. Acctate of o-tolyl-p-

rosaniline C.jsH^NjOj v. Triphenyl methane
colouring matteks.

REGULUS. An alchemistic term signifying
the Utile king, apparently first applied to anti¬
mony. Now used in metallurgy to dénoté an
impure métal obtained from its oxide or sul-
phide by fusion with a reducing agent.

REHEATING. A metallurgical term mainly
applied to the opération of heating puddled
bars to a welding heat preparatory to passing
them through rolls.

REICHARDTITE. Native hydrated magné¬
sium sulphate, MgS017H.,0, found at Stassfurt
(Krause, Ar. Ph. 376, 41).

RESAZURIN v. Phénol colouring matters.

RESINEONE v. Resins.
RESIN OIL. Besin spirit. Common resin or

eolophony is a substance which is left in the stills
after distillation of spirits of turpentine (v. Oils,
essential) . It is a well-known brittle, but fusible
and inflammable, solidwhich is found in commerce
of various colours, from pale yellow to black. It
consists of a mixture of acids, the exact composi¬
tion of which, notwithstanding numerous re-
searches, remains unknown. It is, however, usu-

ally regarded as consisting chiefly of abietic anhy¬
dride, C44H6.204. These acids form greasy salts
rvith alkalis, and resin is commonly employed as
an ingrédient in soap, as well as in the manufac¬
ture of varnishes.

The lower grades of resin are submitted to
distillation with the object of producing an
oil, suitable for use as a lubricant, and a spirit
which is used in varnish making. The distilla¬
tion is carried out in cast-iron stills of charging
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capaeity varying between 3 and 10 tons, the
usual size being about 5 tons. The head of
the still is rounded and provided with flanges
by which it can be bolted on to the body, which
bas a hemispherical bottom. The oondensing
worm is usually rnade of copper. A considér¬
able quantity of gas is given off during the dis¬
tillation, containing carbonic oxide and hydro-
carbons. The most volatile portion of the dis-
tillate, boiling between 80° and 250°C., consti-
tutes resin spirit or essence of resin, and is
followed by the oil, which distils only between
300° and 400°. The residue in the still is
pitch or coke, aceording to the extent to which
the heating is carried. From 1 ton of rosin the
yield amounts to | to 1 cwt. of spirit, and 17 cwts.
of oil. Water containing a little acetic acid
cornes over tliroughout the distillation, and the
crude oils have a milky appearanee in consé¬
quence.

Resin spirit is chiefly used in varnish-making,
and as an adultérant of spirit of turpentine. It
is refined by agitation with caustie soda and
redistillation, or by redistillation only. Crude
resin oil is a strongly fluorescent viscid oil,
about one-fourth of which dissolves in solution
of soda, the insoluble part consisting of a hydro-
carbon (above 360°). Resin oil has also the
property of uniting with slaked lime to form a
greasy mass which is used as a lubricant. It is
employed chiefly in collieries, and appears to be
suitable only for iron bearings. In order to pré¬
paré the grease a smooth cream of slaked lime
and water is flrst prepared, and a small portion
of the oil is mixed with this in the proportion of
about 4 parts of oil to 3 parts slaked lime. The
two soon unité, forming a greasy semi-solid
mass, with which an additional quantity of oil
is afterwards incorporated till the requisite con-
sistence is obtained. The finished grease con-
tains about 1 part of lime to 20-25 parts of oil.
The fluorescent bloom of the crude oil can be
removed by washing it flrst with soda lye, and
then exposing it to air in shallow iron vessels
(Kelbe's patent, Ber. 13,215a). It is also stated
that the bloom can be destroyed by treatment
with dinitronaphthalene, with nitrobenzene, or
with hydrogen peroxide. Purified resin oil is
used to adulterate lubricating oils, and is also
mixed sometimes with rape oil and with boiled
linseed oil, and forms an ingrédient in some
printing inks. The resin oils are generally sold
under the name ' pine oil,' and are classified,
aceording to quality, as soft, médium, and hard.

The composition of both the essence and
the oil has been studied by many chemists.
The former eonsists of a complex mixture of
hydroearbons and other volatile substances, of
which, when distilled, resin spirit generally
yields more than half its volume below 120°C.
The following constituents have been isolated : A
pentine, C5H„ (b.p. 50°) (Couerbe, J. pr. 18, 165) ;
isobutyl-aldehyde (Tilden, B.13,1604);isobutyric,
caproic and other fatty acids, methyl alcohol,
(very small quantity, 50 grms. from 150 kilos) ; a
hydroearbon, C„H12 (b.p. about 160°), homologue
of benzene ; ordinary cymene and a new cymene
(metapropyltoluene) ; metaisobutyltoluene (b.p.
186-188°) ; parabutyl-toluene (b.p. 176-178°)
(Kelbe, B. 13, 888, and 1157 ; A. 210, 1 ; B. 14,
1240 ; B. 15, 308); dipentine, C]0H,S (Tilden, B. 13,

1604) together with a relatively large proportion of
a heptine, C7HI2 (103-104°), which has been shown
by Morris (C. J. 1882) to be probably methyl-
propyl-allene CHj.CIR&CH.C.iH.. This liquid
is characterised by giving a succession of colouvs
(yellow, red, green, and deep blue) when
agitated with strong sulphuric or hydrochloric
acid. In the presence of air and water it forms
a glycol, C.H12(OH)2, which crystallises with
one molecule of water in the form of long slender
prisms, which are frequently to be seen in old
samples of resin spirit.

Resin oil eonsists of a mixture of abietic
acid C44H6405 (m.p. 165°), and small quantifies
of phénols with a hydroearbon or mixture of
hydroearbons (C10H16)„ (b.p. above 360°), which
constitutes about three-fourths of the whole.

W. A. T.
BESINONE v. Eesins.
RESINS. Resins constitute a class of

vegetable or (sometimes) animal products which
are solid or semi-solid, insoluble in water,
but generally soluble in alcohol, ether, and
volatile oils. They nearly ail begin to soften
at températures much below their melting-
points. They are often left by the sponta-
neous evaporation of oleoresinous juiees which
exude either naturally or by incision from the
trunks of trees. A number are found as mine¬
rais, but tliese are nndoubtedly the product of
extinct végétation. Others are extracted from
various parts of plants by such solvents as
alcohol and ether. This article excludes those
resins which contain benzoic or cinnamic acid

(balsams), those which appear in commerce ad-
mixed with gum (gum resins) or volatile oil (oleo-
resins), and those which consist of hydroearbons
allied to petroleum. It is perhaps to be regretted
that it is necessary to retain such a classification
as this, based as it is upon commercial or bo-
tanical considérations, or at best upon physical
distinctions of solubility. Chemical inquiryhas
not, however, yet been carried far enough to
make a more scientific arrangement possible, and,
indeed, so widely do the various resins that have
been studied difler from one another chemieally
that it seems likely that as a class they will ulti-
mately disappear, being taken to fill in gaps here
and there in the growing structure of organic
chemistry.

We shall here treat of the more important
représentatives of this group of substances.
For those which are less lcnown, see the various
Reports on Botanical Economies, Muséum Cata¬
logues, also Gm. (17, 382) and Bn. (3, 311).
On the formation of resins see Heldt (A. 63, 48),
Wiesner (Sitz. W. 52, 2, 118), and Barth (Z.
1867, 508) ; their composition and behaviour
towards reagents, Rose (A. 13, 174), Johnston
(A. 44, 328) ; the compounds formed by the
action of melted potassium hydroxide, Hlasi-
wetz and Barth (A. 134, 265 ; 138, 61 ; 139, 77) ;
their neutralisation or saponification coefficients
when treated with a standard solution of caustic
alkali, Kremel (Fr. 26, 262; Ph. [3] 17, 547);
their respective iodine absorption numbers,
Williams (C. N. 58, 224) ; détermination of
their methoxyl équivalents, Bamberger (M. 11,
84), and on tlie systematic identification of resins,
see Hirschsohn (P. Z. 16, 81 ; 24, 529 ; Fr. 17,
256) and Schmidt and Erban (M. 7, 665).
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Alouchi, or Aluchi Resin. A resin imported
from Madagascar. It is friable, dirty-white ex-
ternally, blackish and marbled within, and lias
a bitter, peppery taste. It was examined by
Bonastre (J. Ph. 9, 180 ; 10, 1), who found it
solublein coldalcohol to the extent of 68-12 p.c.
A further portion, 20-45 p.c., dissolved in hot
alcohol. It contains a small quantity (1-6 p.c.)
of essential oil. V. also Vauquelin (A. Ch. 72,
299).

Arnica Besin, Arnicin. The root of Arnica
montana (Linn.),acompositous plant inhabiting
the northern and central régions of Europe and
America (Bentl. a. T. 158), contains a resinous
substance to which the name arnicin has been
given, together with gum, wax, inulin 10 p.c.,
volatile oil, and an alkaloid (?) arnicine (Bas-
tick, Ph. 10, 386), and other constituents. The
resinous compound arnicin was isolated by
Walz (N. J. P. 13, 175 ; 14, 79; 15, 329). It is
yellow, amorphous, has an acrid taste, is soluble
in alcohol, ether, and alkalis, and is precipitated
from the alcoholic solution by water. Analysed,
it gave numbers corresponding to the formula
C,„H30O4. It may possibly prove to be a glucos-
ide. Eor another constituent to which the
name ' arnicin ' has been given, v. Parvesi (J.
1859, 584) ; and for other resins Gm. (17, 363
a. 447).

Betula Resin, Betulin. The outer bark of
the birch tree Betula alba (Linn.) yields a resin.
Lôwitz, in 1788, described it (Crell's Ann. 2,312),
and it has been further examined by Hiinefeld
(J. pr. 7, 53), Hess (A. 29,135), Mason (B. J. 12,
248), Stàhelin and Hofstetter (A. 51, 79), Hous-
mann (A. 182, 369), and others. Betulin melts
at 258°, and has the formula C36H60O3.

Capsicum Kesin. The fruits of Capsicum
fastigiatum (Blume) and Capsicum annuum
(Linn.), constituting respectively the small and
large red or cayenne pepper pods of commerce,
yield a resin to which the acrid property of the
pods was once attributed (Buchholz and Bra-
connot, Gm. 17, 450). The other important con-
Etituents are a volatile oil, a volatile alkaloid,
capsicine, which resembles coniine (Felletâr,
J. Ph. 1S70, 347 ; Thresh, Ph. [3] 6, 941), and
an intensely active acrid, crystalline compound
discovered by Thresh, capsaicin, to which the
pungency of cayenne pepper is now ascribed
(Ph. [3] 7, 21, 259 a. 473 ; 8, 187). Capsaicin
bas the formula C,,HN02. It does not possess
basic properties. It melts at 59°, sublimes at
115°, and has a sp.gr. of 1-060. Most solvents,
including sulphuric and glacial acetic acids, dis¬
solve capsaicin ; but it is insoluble in water, and
is thrown out of its solution in alkalis by a
Etream of carbonic acid gas. V. also Meyer
(Ph. Z. 1889, 130).

Castoreum Resin. The dried preputial fol-
liclesof the beaver, Castor fiber (Linn.), areused
in medicine as a nervous stimulant or anti-
spasmodic (Pereira, Mat. Med. 1853, 2, 2266).
Castor contains a resin, 1-2 p.c. of volatile oil,
and a neutral crystalline substance, castorin. If
castor be treated with hot alcohol, either with or
without previous admixture with lime, a solution
results which, on cooling, deposits castorin in
crystals, and from the mother-liquor of which
the resin may be obtained bythe addition of water.
Castorin was discovered by Bizio (Ar. Ph. 11,

112), and further investigated by Yalenciennea
(Ph. 1861, 329). It is neither acid nor basic,
and assumes the form of easily-fusible needles
which possess only in a faint degree the odour
and taste of castor. The activity of castor
résides in the resin, which, having been pre¬
cipitated by water from the alcoholic solution,
from which the castorin has been separated,
may be purified by re-solution in alcohol and
re-precipitation by water. The yield varies very
much, some specimens of castor giving as much
as 58 p.c., and others not more than 14 p.c.
Castor resin is nearly black. It is brittle, and
is insoluble in ether. It possesses the bitterness
and acridity of castor in a very high degree.
The volatile oil obtained, to the extent of 1 or
2 p.c., by distilling castor with water is pale-
yellow and viscid, is nearly insoluble in water.
but soluble in alcohol, and possesses the odour
of the drug (Gm. 15, 364). With regard to the
supposed presence of an alkaloid in castor,
v. Reuter (Ph. Centh. 1889, 305). Many other
constituents, in small quantity, have been an-
nounced from time to time as occurring in
castor, such as bile, salicin, benzoic acid, and
phénol.

.Colophony (Common Besin-, Bosin; Besina,
Br. Ph. ; Colophane, Fr. ; Koloplionium, Ger.).
Colophony is the residue which remains after
the volatile oil has been removed by distillation
from the oleoresins, the crude turpentines
which exude from various species of coniferœ.
It varies somewhat, according as it is derived
from the one or the other species, and with
the method employed for its production. The
browner resins are mostly of American origin,
from Pinus australis (Michaux) ; while those
of a lighter colour come by way of Bordeaux,
being the yield of Pinus Pinaster (Solander),
an inhabitant of the districts of the Landes and
the Gironde. It varies in colour from pale
amber to dark red-brown. The ' white resin ' of
commerce owes its light-yellow colour to a
slight opacity, due to the presence of small
quantifies of water.

Colophony is a very brittle solid with a glassy
fracture. It has a faint odour of turpentine, and
scarcely any taste. It is heavier than water, in
which it is insoluble. Its sp.gr. is generally 1-07.
Ether, chloroform, acetone, benzene, volatile, and
fixed oils dissolve it readily, and at 60° it is
soluble in its own weight of alcohol or glacial
acetic acid. It is soluble in alkalis. It softens
at 80°, and melts variously from 100° in some
specimens to 135° in others. Heated to higher
températures by itself it yields gaseous products
and a distillate of resin oil, but in a current of
steam above 200° colophony may be distilled
without any appréciable change.

Common resin consists, as Maly and, subse-
quently, Fliickiger have shown, essentially of abie-
tic anhydride (A. 129, 94). Whenthe coarsely-
powdered resin is agitated with warm dilute
alcohol, the anhydride is hydrated, and 80 to
90 p.c. of it is converted into crystalline abietic
acid Cj,H5105. The resin itself has the formula
C4,Ha204. Emmerling (B. 12,1441) obtained the
acid, which he regenerated from its ammonium
sait, as a snow-white powder ; but, more recently,
Kelbe (B. 13, 888) has succeeded in getting it
to assume the form of triclinic prisms by crys-
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tallisation from a solution in glacial acetie acid.
Abietie acid melts at 139° (E.), 165° (M. ; K.).
It forms metallic and alkyl derivatives (Bn. 2,
1259). The eorresponding acid constituent of
Russian pine resin, the product of Pinus sylves-
tris (Linn.), appears to be similar butnot identi-
cal with abietie acid (Shkateloff, J. R. 20, 477).

When colophony dissolves in alkali, an
alkaline abietate, or resin soap, is formed. This
is largely employed as an admixture in the manu¬
facture of the commoner soaps. Heated to
redness colophony evolves a mixture of gases,
which burns with a bright flame, and it has
been proposed as a source of illuminating gas.
It enters largely into the constitution of the
less-esteemed varnishes, is used for the caulking
of ships, for cements, as a reducing agent in the
soldering of metals, and in pharmacy it enters
into many ointments and plasters.

The resin or rosin oil obtained by the dry dis¬
tillation of resin is widely made use of, and its
chemical eonstituents are being more and more
studied. It eonsists essentially of a mixture of
hydroearbons and fatty acids. Generally it is
separated into two portions, the lighter spirit
that first cornes over being collected apart
from the heavier oil, which distils last. The
lighter spirit is used as a substitute for oil
of turpentine, while the heavier is employée!
as a lubricant and in soap-making. The lighter
resin spirit, boiling below 360°, contains, ac-
cording to Renard (A. Ch. [6] 1, 223), the
following eompounds : pentane, boiling from
35° to 38°, amylene (35-40°), the hydroearbons
C6Hu (64-66°) and C6H12 (67-70°), hexahydro-
toluene (95-98°), tetrahydrotoluene (103-105°),
toluene (111°), hexahydroxylene (120-123°),
tetrahydroxylene (128-130°), xylene (136°),
hexah.vdrocumene (147-150°), the hydrocar-
bon C„H1b (155°?), cumene (151°), terpenes
(154-157° and 171-173°), hexahydrocymene
(171-173°), cymene (175-178°), (m)ethylpropyl-
benzene (193-195°), the hydrocarbon C1(iH,s
(about 260°), isobutyric aldéhyde (60-62°), vale-
rianic aldehyde (96-98°), also isobutyric acid
and valerianic acid. Colophene (318-328°), the
compound formed by polymerising turpentine
oil by means of sulphuric acid, is also a con¬
stituent of resin spirit (Deville, A. 37, 193).
The heavier resin oil, boiling above 360°,
eonsists of hydroearbons together with a
mixture of acids and phénols and much un-
decomposed colophony. For other eonstituents
of resin oil see Tilden (B. 13, 1604), Kelbe
(A. 210, 12), Kelbe and Lwoff (B. 16, 351), and
Lwoff (B. 20, 1020), Brownsword and Cohen
(S. C. I. 1890, 16). The gases evolved during
the distillation have been examined by Schiel
(A. 115, 96). When the resin oil boiling from
103-104° is allowed to stand in contact with
air and water, a crystalline solid, eolophonium
hydrate, is formed, having the composition
C10H2,O.|,H._,O. It melts at 106° and sublimes
with some décomposition (Tichborne, Ph. [3] 1,
302 ; Anderson, J. 1869, 787 ; Tilden, B. 13,
1604). According to Bischoff and Nastvogel
(B. 23, 1919), the breaking up of colophony by
destructive distillation is much simpler if the
opération be performed under reduced pres¬
sure. In this case the products are chiefiy two :
one a hydrocarbon, C20H32, boiling at 218-220°

(30 mm.), which is probably colophene; the otlier,
a liquid, which slowly solidifies to a mass of
mieroscopic crystals having the composition
C40H5SOs, is the anhydride of an isomeride of
sylvic acid. The anhydride dissolves in potash
solution, and from the sait thus formed isosylvic
acid, C„i,H30O2, melting at 60'5-62'5°, is ob¬
tained by treatment with acetic acid. For
methods of detecting the presence of resin oil in
fixed or volatile oils, see Storch (S. C. I. 1888,
136), Holde (S. C. I. 1888, 526; 1890, 419,
Morawski (S. C. I. 1889, 572), Baudin (J. Ph.
[5] 23, 279), Chenevier (S. C. I. 1890, 825), and
Gilbert (Chem. Z. 13, 1428).

When resin is distilled with lime, another
sériés of eompounds is produeed (Freniy, A. Ch.
59, 13; Bruylants, B. 8, 1463; 11, 44S). For
production of benzene by distillation of resin
with superheated steam, v. Watson Smith
(C. J. 30, 29) ; for distillation of resin with sul-
phur, v. Currie (J. 1874, 921) ; and for products
of the oxidation of resin with nitrie acid, v.
Schreder (A. 172, 93) and Yogel (J. 1869, 785).

Resin is largely used as an adultérant. For
methods for its détection and estimation, see—
Resin in Soap : Senier (Am. J. Pharm. [4] 4,
353), Gladding (Am. 3, 416), Heiner (J. Ph. [5]
11, 434), Wright and Thompson (C. J. Proc.
2, 175), Grittner and Szilasi (Chem. Z. 10, 325),
Morawski (S. C. I. 1888, 891 ; 1889, 592 ; Chem.
Z. 12, 1321), Holde (S. C. 1.1889,592), Twitchell
(S. C. I. 1891, 804). Resin in Fats : Gladding
(Am. 3, 416), Focke (C. C. 1886,44). Resin in
Wax: Schmidt (Seifensieder, Z. 17, 197),
Morawski. Resin in Minerai Oil ; Yalenta
(D. P. J. 252, 296), Morawski.

Common Frankincense (Gum Thus ; French
Pine Resin ; Galipot, Fr.). The crude turpen¬
tine which concrètes on thetrunksof the French
pine trees was scraped olï and employed in phar¬
macy. The greater part of the Gum Thus of
commerce is now, however, derived from Ame¬
rican sources. This French resin, which alone
has been studied, does not consist of the an¬

hydride of abietie acid, but, as it now appears,
of a group of nearly-related pimaric acids. These
have been investigated by Laurent (A. Ch. [2]
72, 384 ; [3] 32, 459), Maly (A. 129, 94 ; 132,
253; Z. [2] 5, 304), Duvernoy (A. 148, 143),
Sievert (J. 1859, 510), Strecker (A. 150, 131),
Bruylants, B. 11, 448), Caillot (Bl. 21, 387),
Liebermann (B. 17, 1884), Haller (B. 18, 2165),
and by Vesterberg (B. 18, 3331 ; 19,2167). The
last-named observer finds that what has hitherto
been termed ' pimaric acid ' is in fact a mixture
of at least three acids. The one, a- or dextro-
pimaric acid C20H30O2, he obtains in crystals
melting at 210 to 211°. It is a monobasic acid,
and forms metallic and ethereal salts, also acid
radicle derivatives. A characteristic property is
the formation of a beautiful crystalline ammo¬
nium sait which falls when a few drops of am¬
monium hydroxide are added to the solution of
the acid in ether. j8 -pimaric acid resembles
Caillot's pimaric acid. It is crystalline, and
melts at about 150°. y-pimaric acid has been
but little studied.

Copal Resin. Copal is the concrète exudatei
juice of various trees. It is obtained either
directly from the trees or as a fossil resin buried
in the earth in their neighbourhood. Fossil
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copal is a highly-prized variety. It cornes
from tke East Indies, South America, and both
the east and west coasts of Africa. The South
American resin is known in English markets as
' Animi Besin ' or ' Gum Animi.' The précisé
botanical origin is uncertain. Some copals are
soft. These are obtained from Sumatra, Java,
Jlolucca, the Philippines, and Australia, and they
are soluble in ether. The hard copals, which
do not dissolve in ether until they have under-
gone a chemical change, corne by way of Cal¬
cutta from Zanzibar and the African coast, and
by way of Bombay from Madagascar, Mauritius,
and Bourbon. Hard copal varies in properties
somewhat with the origin of the différent resins
which are known by that name ; but gene-
rally it is of a light-yellow or brown colour,
without taste or smell, and has always been
prized for varnishes. It occurs in roundish or
flattish pièces, more or less transparent, and
breaks with a eonchoidal fracture. The sp.gr.
varies from 1-045 to 1-139, but it is generally
between 1-059 and 1-072. In the erude state hard
copal is insoluble in alcohol, and only partially
soluble in ether or oil of turpentine. When,
however, the crude resin is heated, gases are
evolved, and a residue remains which dissolves
readily in ether and oil of turpentine. In
making varnishes, copal is melted and heated
slightly, and hot turpentine slowly run into the
melted resin.

Hard copal, according to Unverdorben (B. J.
11, 265) and Filhol (A. 44, 323), is a mixture of
five resins. Its behaviour when heated in closed
tubes was studied by Violette (C. H. 63, 461).
Submitted to destructive distillation, it yields a
terpene boiling at 160-165° and a heavier
oxygenated oil (Schibler, A. 113, 339). Fried-
burg (A. C. J. 12, 285 a. 392), who has recently
investigated copal, finds that when distilled, a
terpene, probably limonene, cornes over between
100° and 185°, and that above that température
décomposition takes place till 215° is reached,
when the thermometer falls suddenly to 170°
and a dark residue remains. The same observer
notes that with benzaldehyde copal forms a
solution which gelatinises, and from which on
distillation an oil is obtained which condenses
in white crystals ; also that the resin reacts
energetically with alcoholic ammonia, giving
rise to an ammonium sait which is entirely
volatile.

Dammara Eesin (East Indian Dammara
Resin; Dammar Puti). This variety of dam-
mar resin is derived probably from Pinus dam¬
mara (Lambert), a coniferous tree indigenous to
the East Indies and the Moluccas. The resin
exudes and dries on the trees in lumps of various
shapes and sizes, and is colleeted. It is par¬
tially soluble in alcohol, more so in ether, and
almost completely in fixed and volatile oils. It
is entirely soluble in sulphuric acid. The resin
was examined by Dulk (J. pr. 45, 16) and
Schrôtter (P. 59, 72).

When crude dammar is treated with weak
alcohol, a portion, about one-third, dissolves ;
this is the a-resin or hydrated dammarylic acid
of Dulk. Its formula is C45H:404. It is a white
powder which melts at 50°. From the residue,
absolute alcohol extracts the $-resin or anhydrous
dammarylic acid C43H,203, which is also a white

powder. Its melting point is 60°. By treatment
of the residue with ether, according to Dulk, a
hydrocarbon dammaryl C4vHr2 is dissolved.
Dammarylis a tasteless, inodorous powder which
softens at 145° and melts at 190°. When it is
exposed to the air it undergoes oxidation until
a body is formed having the composition of the
original resin. A residue remains after the
treatment with ether, which is the y-resin or
semihydrate of dammaryl, a shining brittle resin
which melts at 215°. The presenee of a free
hydrocarbon in dammar is, however, denied by
Graf (Ar. Ph. [3] 27, 97), who finds the resin tû
consist of about 60 p.c. soluble in alcohol, melt¬
ing at 61°, 40 p.c. insoluble in alcohol, melt¬
ing at 144° to 145°, and about 1 p.c. of a dibasio
acid. V. also Franchimont (Bn. 3, 314).

Australian Dainmara Resin, Australian
Copal, Kauri, Kaivrie, or Cowdie Gum. This
is the product of Dammara australis (Lambert),
a coniferous tree which inhabits New Zealand,
where the dammar is found as a fossil resin (v.
Bobinson, Ph. [3] 19, 306). The resin examined
by Thomson (A. Ch. [3] 9, 499) was found to
consist of an acid resin, dammaric acid C40He.,O„
and a neutral resin, dammaran C40He2O0. The
acid is extracted from the crude dammar by
alcohol. Distilled alone, Australian dammar
yields a volatile oil, dammarol, and, distilled
with lime, another oil, dammarone. Bennie,
distilling kaurie resin with water, obtained a
terpene boiling at 157-158° (C. J. 39, 240),
and the action of chlorine and bromine and of
nitric acid on the resin has been studied by Muir
(C. J. 27, 733).

Dragon's Blood Eesin. Résina Draconis.
(Sangdragon, Fr. ; Drachenblut, Ger.) The
name ' dragon's blood ' has been employed from
ancient times to designate various red resinous
exudations, but it is now chiefly applied to the
erimson-red resin which exudes and dries on the
fruits of the rotany or rattan palm, Calamus
Draco (Willdenow), of the East Indies. The drug
appears in commerce for the most part in two
forms—the one consisting of sticks of resin
wrapped in palm leaves, the reed dragon's
blood ; the other, the lump dragon's blood, being
blocks or irregular-shaped masses (Fl. a. H. 673).
Dragon's blood has a sweetish, somewhat acrid
taste, and melts at about 120°, when it is said
to evolve benzoic acid. It dissolves in alcohol,
benzene, chloroform, carbon bisulphide, glacial
acetic acid, and caustic soda. In petroleum ether
it is insoluble, and it dissolves but sparingly in
oil of turpentine or ether. It is employed as
a colouring agent in pharmacy, and for varnishes.

Among other resins to which the name
dragon's blood has been given are : Socatrine
Dragon's Blood, obtained from trees of the genus
Dracœna in the island of Socatra (Balfour, Ph.
[3] 14, 372) ; Canary Islands Dragon's Blood,
derived from Dracœna Draco (Linn.) ; and West
Indian Dragon's Blood, which is produced by
Pterocarpus Draco (Linn.) ; and Croton Draco
(Schlecht) (v. Fl. a. H.). According to Dobbie
and Henderson (Ph. [3J 14, 361), who examined
a large number of specimens, the dragon's blood
of commerce consists of four distinct products.
The Calamus, or East Indian resin, agreed with
the characters given above, except that it was
freely soluble in ether.

IRIS - LILLIAD - Université Lille 1



346 RESINS.

The resins of dragon's blood were analysed
by Johnson (Tr. 1839, 134 ; 1840, 384), and the
numbers obtained agree with the reeent results
obtained by Dobbie and Henderson («. Herberger,
Bueh. Eepert. 37, 17 ", 40, 138). The resin does
not eontain benzoic acid, as earlier investigators
had supposed, but some varieties appear to eon¬
tain cinnamic acid (Dobbie a. Henderson, Hirscli-
sohn, P. Z. 16, 1, 33, 65 a. 97).

Blyth and Hofmann (C. J. 2, 334) found
toluene and styrene among the products of the
destructive distillation of dragon's blood (v.
Glénard a. Boudault, C. R. 17, 503 ; 19, 505).
When fused with potash the resin yields benzoic
and (p)-hydroxybenzoic acids and phloroglucinol
(Hlasiwetz a. Barth, A. 134, 283) ; distilled with
zinc-dust, styrene, toluene, and other products
(Botsch, M. 1, 609), and by the action of nitric
acid, oxalic, and nitrobenzoic acids (Blumenau,
A. 67, 127).

Ergot of Eye Eesin. Ergot contains a resin,
to which at one tirne its activity was thought to
be due (v. Ekgot).

Eucalyptus Eesin. Obtained from the leaves
of Eucalyptus globulus (Labill.). It is coloured
carmine-red by sulphuric acid (Hartzer, B. 9,
314).

Eossil Eesins. Amber, Succin, Bernstem.
A hard, generally yellow or orange resin thrown
up by the sea, along the Baltic coast, especially
in Prussia, and in smaller quantities tliroughout
the world (v. Rose, A. 28, 339). Amber is tasteless
and brittle, and admits of a fine polish. It is
much used as an ornament. It becomes nega-
tively electric by friction. The sp.gr. of amber
varies from l'05 to 1-10, and it ranks 2 to 2'5 in
the scale of hardness. It is insoluble in water,
alcohol, essential oils, and acids, with the excep¬
tion of sulphuric. When, however, it is first sub-
jected to beat, it undergoes a change like copal,
and becomes soluble in alcohol and turpentine
oil. There can be no doubt that amber is the
fossil resin of extinct coniferœ (Gôppert, A. 21,
71). The character of the insects which it in-
cludes, and which often render it very beautiful,
are an evidence in support of this view.

Berzelius (B. J. 8, 231) found amber to con-
sist of succinic acid (3 to 8 p.c.), a little volatile
oil, two resins, one soluble in ether, the other
insoluble but soluble in alcohol, and an insoluble
residue (v. Forehhammer, A. 41, 47 ; Schrôtter,
B. J. 24, 593). It contains 0-24 to 0-48 p.c.
of sulphur (Baudrimont, J. 1864, 538). When
heat is applied to it there is evolved, in
the first place, succinic acid, water, oil, and
combustible gases ; the residue is then soluble
in alcohol and oil of turpentine. A further ap¬
plication of heat brings over a colourless oil, oil
of amber, which, when the distillation is well
managed, amounts to 28 p.c. of the original
resin. Finally, when the température rises at
the close of the opération, a yellow wax con¬
denses. Oil of amber is a mixture of several
hydrocarbons. The lighter portion is coloured
blue by hydroehlorie acid, and decomposed by
sulphuric acid ; while the heavier portion is un-
acted onbythese reagents. Pelletier and Walter
(A. Ch. [3] 9, 89) find these oils to be isomerides
of oil of turpentine. The wax-like solid consista
of oil, ehrysene, a white crystalline body, suc-
cisterene, and brown bitumen. These were iso-

lated by Pelletier and Walter by the use of
alcohol and ether (v. Bley a. Diesel, J. 1847-48,
736). When amber is distilled with potash, a

watery liquid passes over, and, finally, a solid
condenses which lias ail the properties of cam-
plior (Berthelot a. Buignet, C. E. 50, 606 ; Eeich,
J. Ph. 13, 33 ; Dôpping, J. Ph. 6, 168).

A commercial substitute for musk is pre-
pared from amber, or oil of amber, by the action
of fuming nitric acid. It is a resinous-looking
solid which, washed to remove excess of acid, is
soluble in alcohol and essential oils. It has a

burning, aromatic taste, and musky odour. This
substance was discovered by Marggraf (A. Ch.
73, 182), and was investigated by Elsner (J. pr.
26, 97), Foltz (E. P. 4, 226), and Marsson (Ar.
Ph. [2] 62, 8). As to its use in medicine and
its préparation for this purpose, see Williams
(Am. J. Pharm. 8, 14). It has not been ascer-
tained whether this artificial musk obtained from
amber is in any way related to the artificial musk
of Bauer (B. 24, 2832), which is now an article
of commerce. The latter is derived from butyl-
toluene, a constituent of resin spirit, by the
action of nitric and sulphuric acids. It is a
trinitrobutyltoluene C6H(CH3)(C4H9)(N03)3, and
crystallises in yellowish-white needles, which
melt at 96-97°.

Amber was formerly much esteemed in medi¬
cine ; but it is now used ehiefly as an ornament,
sometimes for photographie and fine varnishes,
and in pharmaey as a source of oil of amber and
succinic acid.

Ambrite. The lignite formation in Auck¬
land, New Zealand, furnishes this resin in large
lumps. It is brittle, semi-transparent, and of
a yellowish-grey colour. Its sp.gr. is 1-034, and
its hardness 2. It is insoluble in most solvents,
but dissolves partly in carbon bisulphide. It is
said to have the composition C16H„sO„ (Hauer
and Maly, J. 1866, 1034).

Anthracoxene. This resin is found between
the coal strata near Schlau in Bohemia. When
seen in masses it is brownish black in colour,
but in thin layers is hyacinth red. It is brittle
and swells when heated. According to Laurentz
anthracoxene is a mixture of several resins (Sitz.
B. 21, 271 ; J. pr. 69, 428).

Asphalt. This substance, found by the shores
of the Dead Sea, is probably the resuit of the
décomposition of vegetable rnatter, and is
closely allied to petroleum. V. Pitch.

Berengelite, Berengela resin. A bituminous
resinous minerai found in Peru. It is used for
caulking ships. It has a dark-brown colour and
is soluble in alcohol and ether, aud melts below
100° (Johnston, P. M. [3] 14, 87).

Boloretin. Derived from the fossil fir wood
found in the Danish peat bogs. It is soluble in
ether but not in cold alcohol, and melts at 75°
to 79° (Forehhammer, A. 41, 44 ; v. Krâmer,
Ar. Ph. [2] 27, 73).

Brusterort Resin, Unripe amber. This fossil
resin resembles krantzite and difl'ers from amber
in not containing succinic acid (Spirgatis, J.
1871, 1188 ; 1872, 1146).

Bucaramanga Resin. Boussingault examined
this resin (A. Ch. [3] 6, 507). It cornes from
Bucaramanga in New Granada. In appearance
it resembles amber, but it does not eontain suc¬
cinic acid.
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Copalin, Highgate resin. The blue clay of
Higbgate Hill contains roundish lumps o£ this
fossil resin. It was studied by Johnston (P. M.
[3] 14, 87) and Bastick (Ph. 8, 339). It re-
Eembles copal. Similar resins have been found
inlndia and in the lead mines of Northumber-
land (Dana, 2, 267).

Euosmite. An aromatic resin found in the
lignite of Thumsenreuth in Bavaria. It oonsists
of brownish yellow pulvérulent masses or lumps
(Giirnbel, Gm. 17, 436).

Guayaguillite. Prom Guayaquil in South
America (Johnston, P. M. [3] 13, 329).

Eartin. A white, inodorous, and tasteless
resin found in the lignite of Oberhart, Austria.
It is said to have the composition C,0H17O
(Schrôtter, P. 54, 45).

Eartite. Another resin found in the same

place as hartin. According to Schrôtter (P. 54,
45), it consists of a hydrocarbon of the formula
CjH;. Hartite has also been investigated by
Haidinger (P. 54, 261), and by Kunipf (J. pr.
107,189).

Ixolite. Occurs together with hartite (Har-
dinger, P. 56, 345).

Jaulinqite. From Jauling in Austria (Ragsby,
Sitz. B. 16, 366).

Krantzite. This is a variety of retinite
(Bergemann, J. pr. 76, 65).

Middletonite. The coal seams near Leeds
and at Neweastle contain this resin. It rvas

analysed by Johnston (P. M. [3] 12, 261). Two
similar fossil resins found in the coal measures

were examined by Macadam (C. N. 59, 1).
Pianzite. An earthy resin examined by

Haidinger (P. 42, 275). Hardness 1*5, sp.gr. 1-22,
and m.p. 315°.

Pyroretin. A brown resin from the lignite
of Salesl, near Aussig in Bohemia (Stanek, Sitz.
B. 12,551).

Betin Asplialt. This is a yellow-brown
earthy-looking resin, the sp.gr. of which varies
from 1-07 to 1-35. That from the lignite of
Bovey in Devonshire was examined by Hatchett
(Tr. 1804, 404) andlater by Johnston (Tr. 1840,
347). Johnston found it to consist of 13-23 p.c.
minerai matter, 27-45 p.c. resin insoluble in al¬
cohol and 59-23 p.c. resin soluble in alcohol.
The resin soluble in alcohol gave the formula
CwHs)Os, and was called by Johnston retinic acid.
Other varieties of retin asphalt occur in the
neighbourhood of Halle in Germany (Bucholz,
Sehw. J. 1, 290) and near Cape Sable in the
ïïnited States.

Retinite, Walchovite. This resin, of which
there are several varieties, occurs in the coal
mines of Walehow in Moravia (Schrôtter, P.
59, 61 ; Cerutti, Ar. Ph. [2] 22, 286).

Schleretinite. Obtained from the coal mines
of Wigan (Mallet, P. M. [4] 4, 261).

Tasmanite. The aluminous rocks along the
Mersey river in Tasmania yield small scales or
plates of this resin. It contains sulphur, and,
according to Church (P. M. [4] 28, 465), has the
formula C„,H6202S.

Val d ArnoSuperioreResin. Thisfossilresin,
called by the peasantry ' terra che brucia,' closely
resembles the Weissenfels resins. Alcohol
separates it into a-resin C,0H6,Os melting at
75-90°, and fi-resin C^H^C),,, which melts
above 120° (Guareschi, Cimento, 5, 175).

Xyloretin. A crystalline resin having the
formula Cl0H,6O found in the fossil pine trunks
of the Danish peat-bogs. It is insoluble in
water, soluble in alcohol, and melts at 165°.
Heated with potassium it gives a metallic deri-
vative, with libération of hydrogen (Forchham-
mer, A. 41, 42 ; v. Schrôtter, P. 59, 54).

Resins of Weissenfels Lignite. A sériés of
resinous substances have been isolated from the
products of distillation of this lignite. They
have been investigated by Brùckner (J. pr. 57,1)
and Wackenroder (Ar. Ph. [2] 60, 23).

Guaiacum Resin. Résina guaiaci. (Résine
de Gaïac, Fr. ; Guaiakharz, Ger.) Two West
Indian species of guaiacum tree, G. officinale
.(Linn.) and G. sanctum (Linn.), yield the resin,
(Fl. a. H. 100; Bentl. a. T. 41). It is ob¬
tained partly as a natural exudation, partly
by means of incisions, and in some places the
trees are eut down and the trunks set on fire
at each end, when the warm resin exudes
freely from incisions made in the middle. In
commerce guaiacum resin appears in ' tears '
or in masses. It is brittle, and, though at
first of a reddish eolour, it becomes greenish by
superflcial oxidation (u. Schiff, A. 111, 372). It
has a faint balsamic odour, though it contains
no benzoic or cinnamic acid. The sp.gr. is
1-20 and it melts at 85°, when the balsamic
odour is more marked. The resin is soluble in
alcohol, ether, acetone, chloroform, and in
caustic alkalis ; but in benzene and carbon bi-
sulphide it only dissolves partially. Solution of
guaiacum resin in alcohol is a very sensitive
reagent for oxidising agents. Ferrie chloride,
for instance, strikes with such a solution a dark-
blue colour. Redueing agents discharge the
colour, which reappears on oxidation (v. Schôn-
bein, Fr. 8, 67 ; J. pr. 102, 164 ; Schaer, Fr. 9,
430 ; Schônn, Fr. 9, 210). According to Kowa-
lewsky (C. G. 1889, 210), the action of ozone on
the resin gives rise, not simply to a blue-eoloured
produet, but to a sériés of colours of which blue
is about the middle member. This observer
notices that the presence of moisture is neces-
sary, that ozone gives no colour with dry guaia¬
cum (v. Hager, Fr. 26, 261). The solution is not
coloured blue by peroxide of hydrogen, a reaction
which serves to distinguish thateompound from
ozone. In presence of such a substance as
blood, however, the blue colour appears. If a
spot of blood be moistened with freshly pre-
pared alcoholic solution of the inner unoxidised
portions of guaiacum resin, and then with an
ethereal solution of peroxide of hydrogen, a blue
colour is produeed which can often be made
more évident by transference to white blotting
paper. This property of guaiacum is often re-
sorted to as a means of identifying blood stains.
For method of testing guaiacum resin, v. Hager
(Fr. 26, 261).

Crude guaiacum resin heated with an alco¬
holic solution of caustic potash yields a sait of
guaiaretic acid C^H^C),, which falls to the
bottom of the vessel in a crystalline form (Un-
verdorben, P. 16, 369). The free acid con-
stitutes 10 p.c. of guaiacum resin. It is in¬
soluble in water, but is soluble in alcohol, ether,
and most solvents. It melts at 80°, may be
distilled unchanged, and is not coloured blue
by oxidising agents. A bromine derivative and
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numerous metallic salts have been prepared.
(Hlasiwetz, A. 112, 182 ; 119, 266). If the
alcoholic mother-liquor from the potassium
guaiaretate be treated with hydrochlorie aeid a
heavy amorphous preoipitate falls, which after
washing, yields to ether the a-resin or guaiacotiic
acid C3BHJ0O,0. This eonstitutes 70 p.c. of the
crude resin. It was isolated by Hadelich (J. pr.
87, 321), who prepared a lead sait. Itmelts at
100° and décomposés alkaline carbonates. In
water, benzene,and carbon bisulphide it is insolu¬
ble, butit dissolves in alcohol, ether, chloroform,
and acetie acid. It is turned blue immediately
by oxidising agents. After treatment of the
hydrochlorie acid preeipitate with ether, there
remains behind a residue amounting to about
10 p.c. of the original resin. This is the $-resin.
It is soluble in alcohol and acetic acid, but in¬
soluble in ether, benzene, chloroform, and carbon
bisulphide (v. Herzig, II. 125, 823). Besides
a little gum and minerai matter two other
constituents have been found in small quantity
in guaiacum. One of these is guaiacic acid
C12H160,j, whieh occurs only in traces in the
resin but in mueh larger proportion in guaia¬
cum wood (Thierry, J. Ph. 27, 381). It forms
colourless needles which sublime unchangedand
are soluble in water and alcohol. The other
substance isa colounngmntter guaiacum yellow,
iirst noticed by Pelletier and obtained by Hade¬
lich in pale-yellow oetahedral crystals. It is a
weak acid, and dissolves in sulphuric acid with a
transient blue colour (v. Gm. 17, 211 a. 247).

The products of the destructive distillation
of guaiacum are very interesting. The lighter
portions contain guaiacene, guaiol, or tiglic aldé¬
hyde CH3.CH:C(CH3).COH (Deville, C. R. 17,
1143; 19, 134; Volckel, A. 89,346), a compound
which is also produced by the action of aeetal-
dehyde on propionaldehyde in presence of a de-
hydrating agent (Lieben a. Zeisel, B. 14, 932).
That it behaves as an aldehyde towards acid
sulphite of sodium and on oxidation yields
tiglic acid was shown by Herzig (M. 3, 119)
(v. Hlasiwetz, A. 106, 380). Among the heavier
products are guaiacol creosol and pyroguaiacin.
Guaiacol CsH4.OCH.,.OH[l:2] isthemonomethyl
ether of orthodihydroxybenzene or catechol
(Sobrero, A. 48, 19 ; Deville a. Pelletier, A. 52,
406; Volckel, A. 89, 346; L. a. Z. ; Herzig).
This aromatic oil, which boils at 200°, is readily
prepared from catechol and methyl-sulphate of
potassium (Gorup, A. 147, 248). By the action
of nascent carbon monoxide, chloroform, and
alkali, it may be eonverted into vanillin

C6H4.OCH,.OH - CO
= C,,H3.COH.OCH3.OH[l:3:4]

(Reimer, B. 9, 424). A carboxylic acid derived
from guaiacol has beenemployedasan antiseptic.
It is obtained by the action of carbon dioxide
under pressure on the sodium derivative of
guaiacol (Ph. [3] 20, 977). Guaiacol itself has
been suggested as a substitute for creosote
(Sahli, Am. J. Pharm. 1888, 239), also benzoyl-
guaiacol (Walzer, Chem. Z. 15, 165). Creosol
CeH3CH,.OCH3.OH[l:3:4] is the monomethyl
ether of homocatechol (Hlasiwetz, A. 106, 339).
It is a faintly aromatic smelling oil, which boils at
220°, and may be prepared by distilling homo-
vanillic acid with lime (Tiemann a. Nagai,B. 10,
206). Pyroguaiacin condenses towards the close

of the distillation in pearly crystals. It was inves-
tigated by Pelletier and Deville (C. R. 17, 1143),
Ebermayer (J. pr. 112, 291), Nachlauer (A. 106,
382) and Hlasiwetz (A. 106, 381; 112, 182).
According to Wieser (M. 1, 595), who has recently
examined pyroguaiacin, it has tlie formula
C,sH1s03. The crystals melt at 180-5°, boil at
258° (80-90 mm.), are nearly insoluble in
water and alcohol, and only sparingly soluble
in ether. He describes aeetyl, benzoyl, and
bromine derivatives. When pyroguaiacin is dis¬
tillée! with zinc-dust it yields the hydrocarbon
guaiene C,2H12 in the forai of brilliant plates
which melt at 97-98° and possess a faint blue
fluorescence. Wieser obtained two other com-

pounds from pyroguaiacin ; the one, guaiene-
guinone, by oxidising it in acetic acid solution,
whieh gave on analysis the formula C,2Hl0O2, and
the other by fusing the hydrocarbon with caustic
potash, a compound which melted at 202°,andhas
2irobably the formula C,,H,202. When guaiacum
itself is melted with potash protocatechuic acid
is found among the products (Bôtsch, M. 1, 615).

Guaiacum is used in medicine as an altera-
tive in gout, rheumatism, and syphilis.

Hemlock Spruce Resin. Canada Pitch ; Pix
Canadensis. (Poix de Canada, Pr. ; Canadisches
Pech, Ger.) The hemlock spruce, Pinus cana¬
densis (Linn.), yields a reddish-brown resin
nearly allied to Burgundy pitch. l'or botanical
characters v. Bentl. a. T. 264. Canada pitch
consists of resins and a trace of -volatile oil.
These have, however, been little investigated.
It finds a place in the Pharmacopœia of the
United States.

Indian Hemp Resin (Canndbin). The com-
mon hemp, Cannabis sativa (Linn.), when
grown in India develops a physiological activity
not différent in kind, but of greatly increased
intensity, to that possessed by the plant in
Europe or America. For drawings v. Bentl. a.
T. 231. Indian Hemp (Cannabis Indica,
B. Ph. ; Chanvre indien, Fr. ; Indisclier Hanf,
Ger.) contains, together with a volatile oil,
a resin to which the name canndbin has
been applied, and to which the powerful narcotic
properties of the drug are ascribed (Roux, J. Ph.
Feb. 1887). This resin was isolated by T. and
H. Smith (Ph. 6, 171) as a brown amorphous
solid. The method employed for its extraction
was essentially treatment of the dry aqueous
extract of the herb with alcohol, purification of
the alcoholic solution, and précipitation of the
resin therefrom by water. Cannabin so obtained
possesses narcotic properties in a very high
degree. It yields by treatment with nitric
acid yellow crystalline oxycannabin C2(lH20N20„
which melts at 176°, is insoluble in water and
sparingly soluble in alcohol (Bolas a. Francis,
C. N. 24, 77). For characters of the volatile oil
of Indian hemp v. Personne (J. Ph. [3] 31, 46),
Martius (C. C. 1856, 25), and Valenta (C. 10,479 ;
11, 196).

Among other constituents occurring in
small quantities in Indian hemp, nicotine was
announeed by Preobraschensky (P. Z. 1876,
705), but its presence is denied by Siebold and
Bradbury (Ph. [3] 12, 326). The latter, how¬
ever, find traces of a new volatile alkaloid
canndbinine, and a similar base has recently
been isolated by H. F. Smith (Ph. [3] 22,

IRIS - LILLIAD - Université Lille 1



RESINS. 349

267). Another alkaloid tetanocannabine, ac-
cording to Hay (Ph. [3] 13, 998), exists in
the herb ; but this is questioned by Warden
and Waddell (Ph. [3) 15, 574). Tetanocanna¬
bine is possibly identical with choline, found by
Jahns (Ar. Ph. 25, 479) to be a constituent of
Indian liemp.

Jalap Resins. The true jalap resin is ex-
tracted from the roots of Ipomœa purga
(Hayne) by. alcohol, and, after concentration of
the alcoholic solution, precipitated therefrom by
water. It is a mixture of two resins : one soluble
in ether, convolvulin, 5 to 7 p.c., and the other
insoluble in etherJalapin, which constitutes the
remainder of the resin.

Maie or Orizaba jalap, the product of Ipo¬
mœa orizabensis (Ledanois), contains both
jalapin and convolvulin, but the latter in the
larger proportion.

Tampico jalap, from Ipomœa simulans (Han-
bury), consists of convolvulin only.

Both jalapin and convolvulin are glucosides ;
d. Glucosides.

Kamala Resins. Kamala, a fine mobile pow-
der of a dull-red colour, consists of the glands and
hairs of the capsules of Mallotus philippinensis
(lliiller, Arg.). The shrub is described by Bentl.
a. T. 236. Kamala has long been known as
an orange dye-stuff, and more recently as a
remedy for the expulsion of tape worm. Kamala,
or a drug elosely resembling it, is mentioned as
early as the tenth century by the Arabian writers.
It grows in Abyssinia, Arabia, the East Indies,
and Australia. Good kamala yields at least
three-quarters of its weight of resin, but it
is often largely eontaminated with minerai
matter. According to Anderson (N. Ed. P. J.
1, 300 ; J. 1855, 669), who examined kamala in
1855, it contains : resinous colouring matter,
78T9 p.c. ; albuminoids, 7'34 p.c. ; cellulose,
7T4 p.c. ; water, 3-49 p.c. ; and ash, 3-84 p.c.
7. Kirkby (Ph. [3] 14, 897).

Anderson finds that a hot alcoholic extract
of kamala deposits on cooling an amorphous resin
agreeing with the formula C2„H340„ and which
is sparingly soluble in cold alcohol and in¬
soluble in water. The clear solution evapo-
rated leaves a dark-red resin, which on analysis
gives numbers requiring the formula C30H3l)O7.
This resin is soluble in alcohol, insoluble in
water, and melts at 100°. Leube (J. 1860,
662) also finds crude kamala resin to consist of
two resins which differ somewhat from those
described by Anderson. By treating kamala
with ether, Anderson observed that the solution
obtained, on standing, gave an abundant crys-
talline precipitate of a substance which he
called rottlerin C,iH]0O3. This compound is in¬
soluble in water, sparingly soluble in cold, but
readily in hot alcohol, and is soluble in ether.
The existence of this body is confirmed by
A. G. and W. H. Perkin (B. 19, 3109), who pré¬
paré it by the use of carbon bisulphide instead
of ether, and call it ' mallotoxin.' They de-
scribe an acetyl derivative (CnHsOs(C2H30)2 or
C,1H.03(C2H30)3. Jawein (B. 20, 182) obtains
similar results. For substitutes for kamala v.

Wars or Waras resin.
Kosin Resin (Koussin). The female flowers

of Hagenia abyssinien (Willd.), a tree which grows
in the higher districts of Abyssinia, contain a

crystalline resin, kosin. Wittstein (R. P. 71,25)
examined koso in 1840, and found the flowers
to contain 6 p.c. of an acrid bitter resin, to-
gether with wax gum, and one-fourth of their
weight of tannin. Kosin was further studied
by Pavesi (J. 1859, 585) and by Bedall (J. 1862,
513). To obtain it the drug is mixed with lime,
and extracted first with alcohol and afterwards
with water. The solutions are mixed together and
concentrated. Acetic aeid is then added, which
libérâtes the kosin from its soluble calcium sait,
when it slowly précipitâtes.

Commercial kosin was examined by Fliickiger
and Buri (J. 1874, 900 ; Fl. a. H. 258), who found
it to consist essentially of yellowrhombic crystals,
which melt at 142°, and have the composition
C3]H3sOI0. The crystals are insoluble in water,
but easily soluble in alcohol, ether, benzene,
glacial acetic acid and in alkalis. Ferrie chloride
gives a red colour with an alcoholic solution of
kosin. An acetyl derivative was prepared (v.
Liotard, J. Ph. 1888, 507).

Koso is employed in medicine as a vermi¬
fuge.

Lac Resin. Gum Lac ; Lacca. (Laque, Fr. ;
Lack, Ger.) Lac is an exudation produced by
the puncture of the hemipterous insect, Coccus
lacca (Kerr), on the young branches of many East
Indian lacticiferous trees. The resin exudes and
dries on the branch, covering it and imbedding the
insects and protecting their eggs. . The female in¬
sect contains a red colouring matter. The small
branches covered with resin are known in com¬

merce as stick lac. When the resin is removed
it is called seed or grain lac, and when melted
by boiling with water and cooled in thin layers
it becomes shellac. The water in which seed or

stick lac has been boiled contains the colouring
matter, which on evaporation constitutes lac dye.
Shellac is bleached by treatment with sulphurous
acid or chlorine. It is soluble in alcohol, alkalis,
and in hydrochloric and acetic acids. It consists of
a mixture of resins, together with small quantities
of wax, fat, and extractive matter (von Esenbeck
a. Marquait, A. 13, 286 ; Benedikt a. Ehrlich,
M. 9, 158 ; Benedikt a. Ulzer, M. 9, 580 ; also
Gm. 17, 419). It is used for varnishes, and is
the basis of the better kinds of sealing-wax. A
liquid shellac is prepared by the action of hot
alkalis (B. a. E.).

Lac dye was examined by Schmidt (B. 20,
1287), who finds it to contain a crystalline com¬
pound laccaic acid, C16H,208 (?), the salts of
which possess the eharacteristie red colour of
the dye. The acid resembles carminic aeid.

Lanoresin. A resin or gum-resin obtained
from the washings of wool (S. C. I. 1890, 1046).

Masopin Resin. A resinous substance obtained
from the Dschilte tree, and used in Mexico for
chewing. It is a snow-white powder, without taste
or smell, insoluble in water but soluble in al¬
cohol or ether. From an ethereal solution
crystals may be obtained. These melt at 155°,
but in melting undergo a change by which the
melting-point falls to 70°. Masopin has the
composition C^H^C) (Genth, A. 46, 124).

Mastich Resin. Masticlie. (Mastic, Fr. ;
Mastig, Ger.) Mastich is the concrète resinous
exudation of Pistacia Lentiscus (Linn.), an ever-
green shrub inhabiting the shores ofthe Mediter-
ranean (Bentl. a. T. 242). It cornes chiefly
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froiii theisland of Soio. Mastich has been known
from ancient times, but it is employed less and
less in pharmacy, and is being replaced by other
resins in the manufacture of the finer varnishes.
An effort is, however, being made to develop the
mastich production in Scio (S. C. I. 1889, 583 a.
656). It occurs in ' tears,' or in masses of a pale-
yellow colour ; is brittle, and lias a faint balsamic
odour. It softens in the mouth, and melts at
about 108°. Warm acetone dissolves mastich
freely. Alcohol separates it into two resins,
the a-resin, constituting 90 p.c. of the original
mastich, dissolves, whilethe S-resin remains in¬
soluble. Mastich contains a trace of volatile
oil. The (a) resin appears to be an acid, and
was analysed by Johnston (Tr. 1839, 132).
According to Hartsen (B. 9, 316), it may be ob-
tained in erystals. The volatile oil, which in
Borne specimens amounts to 2 p.c., was exa-
mined by Fliickiger (Ar. Ph. [3J 19, 170). It
boils at 155 to 160°, and consists essentially of
a terpene C^H,,, possessing a strong but agree-
able odour (». Gm. 17, 423 ; Pl. a. H. 161).

Maynas Resin (Calaba, Galba). A resin ex-
tracted by incision from the tree Calophyl-
lum Calaba (Jacq.) which inhabits the plains
of San Martino and the Orinoco. When puri-
lied by solution in alcohol it crystallises in
prisms. It is soluble in alcohol, ether, alkalis,
and in acetic and sulphuric aeids. Analysis led
to the formula CuH1804 (Lewy, A. Ch. [3] 10,
380).

Mezereon Resin. The acrid constituent of
mezereon bark is a resin. The bark is obtained
from the shrubs of Daphne Mezereon (Linn.)
and other species of daphne. These shrubs,
with their red, fragrant fiower-clusters preceding
the leaves, inhabit southern and middleEurope,
and grow in England as far north as Yorkshire
(v. Bent. a. T. 225-227).

Mezereon resin has not been recently exa-
mined. It was prepared by Gmelin (Schw. J.
35, 11) and by others (Gm. 17, 176), and,
according to Zwenger (A. 115, 17), it yields, on
distillation, umbelliferone. Vauquelin (A. Ch.
84, 174), also Gmelin and Baer (Schw. J. 35, 1),
isolated from various species of daphne a crys-
tallisable compound daphnin. This was shown
to be a glucoside by Zwenger (A. 115, 1). It
breaks up by the action of acids into glucose and
daphnetin. Daphnetin haê been synthesised by
Pechmann (B. 17, 929), andits constitution has
been further studied by Will and Jung (B. 17,
1081) and by Jung (C. C. 1886, 41). Among
the other constituents of mezereon is a vcsica-

ting fatty oil, which occurs chiefly in the fruit
(Martius, Ar. Ph. [2] 110, 39).

In medicine mezereon is employed as an
alterative in rheumatism and scrofula, and is
sometimes used as a vesicant.

Norway Spruce Resin. Burgundy Pitch;
Pix Burgundica. (Poix de Bourgogne, Er. ;
Fichten or Tannenharz, Ger.) Burgundy pitch
is the prepared resin of Pinus abies (Linn.),
the Norway spruce fir. For drawing v. Bentl.
a. T. 261. The market is supplied with Bur¬
gundy pitch chiefly from the Grand Duchy of
Baden, Austria, and Switzerland. The ordinary
method of collection is to make incisions, and
to allow the oleoresinous juice which exudes to
harden on the trees. It is then removed and

treated with boiling water, whereby a resin
practieally free from volatile oil is obtained.
Burgundy pitch resembles colophony, and pro-
bably consists for the most part of the anhy¬
dride of abietic acid. It is employed in medi¬
cine for plasters. When colophony is melted
and mixed with a little fat and water, and
stirred as it cools until it solidifies, a mixture is
obtained which has the opacity and other cha-
raeters of Burgundy pitch, and is largely sub-
stituted for the true resin.

Palm-Wax Resin (Ceroxylin). Palm-wax,
the product of Ceroxylon andicola, a palm of
New Granada, contains a resin. It may be
separated from the wax by solution in alcohol.
It melts above 100°, and is said to have the
composition C.,0H3„O (Boussingault, A. Ch. 29,
330; 59, 19). "

Pellitory Resiu. The root of Anaeyclus
Pyrethrum (De Cand.), 'pellitory of Spain,' has
long been known as a powerful local irritant and
sialogogue. It cornes for the most part from
Algeria. A drawing of the plant is given by
Bentl. a. T. 151. The acrid properties of the
root seem to dépend upon its resinous con¬
stituent, pyrethrin (Gaultier a. Parisol, J. Ph.
1818, 49 ; 1834, 251 ; Kône, A. Ch. [2] 59, 328).
Thompson (Ph. [3] 17, 567) préparés the resin
as follows : The root is powdered and per-
colated with alcohol. The residue is then acidu-
lated with acetic acid and extraeted by boiling
alcohol. Finally the two Iiquids are mixed to-
gether and evaporated. Thus obtained, pyre¬
thrin is a mixture of an acid-brown resin with
some, probably inactive, fixed oil. Pellitory
contains, besides pyrethrin, fixed oil, gum,
inulin, a trace of tannin, and, according to
Buchheim (Ph. [3] 7, 315), a compound pijre-
thrine, analogous to piperine, which, by the
action of caustic alkalis, takes up the elements
of water and breaks up into piperidine and
pyretliric acid.

Similar resinous constituents are found in
the root of German pellitory, A. officinarum
(Hayne) (Bentl. a. T. 152 ; Fl. a. H. 384).

Pepper Resin. Pepper appears in commerce
as ' black,' ' white,' and ' long ' pepper. The
black and white varieties are the dried fruit of
the same plant, the white appearanee being due
to the removal of the dark-coloured pericarp.
Both are obtained from Piper nigrum (Linn.)
a climbing shrub, indigenous to Travancore and
Malabar, and cultivated largely in both the East
and West Indies. Long pepper consists of the
dried spikes of the minute fruits of Piper
officinarum (De Cand.), a shrub inhabiting the
Indian Archipelago (v. Bentl. a. T. 244-245).
Pepper has been known from the earliest times.
Theophrastus was acquainted with black and
long pepper, and white pepper is mentioned by
Dioseorides. The Romans levied duty on black
pepper in Alexandria, a.d. 176 (Fl. a. H. 577).

The pungent taste of pepper is due to its
resin, but this has not been studied chemically.
Pepper contains 1 to 2 p.c. of a volatile oil, upon
which its odour dépends. The volatile oil was
examined by Dumas (A. 15,159) and by Soubeiran
and Capitaine (A. 34, 327). It consists essen¬
tially of a terpene boiling at 164 to 165°, and
having the spécifie gravity of 0-873 (15°) (Éber-
hardt, Ar. Ph. [3] 25, 515). The most interest-
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ing constituent, however, is the crystalline base
piperine (C3HloN)C12H90„ discovered by Oersted
in 1819 (Schw. J. 29, 80). It was further in-
vestigated by Pelletier (A. Ch. [2] 16, 344 ; 61,
199) and others, and Stenhouse found it to be
a constituent of cubebs (A. 95, 106). Pepper
contains from 5 to 15 p.c. of this compound.
By the action, of alcoholic potash it breaks up
into the alkaloid piperidine CjH^N, and piperic
acid C12H,„04. Piperidine may be obtained, as
Ladenburg has shown (B. 17, 513), by the action
of nascent hydrogen on pyridine. It is, there-
fore, probably hexahydropyridine. A reoent
examination of pepper by Johnston (C. N. 58,
235 ; An. 14, 41) shows that this alkaloid exista
ready formed in the spice to the extent of from
0-2 to 0-8 p.c. According to Buchheim, pepper
contains another compound, chavicin, which by
the action of alkalis yields chavicic acid and
piperidin (Pb. [3] 7, 315).

Pepper is used extensively as a spice. When
ground it is liable to adultération, chiefly with
starch and sériais. Such admixture is mostly
detected by microscopical examination. See
Hassall (' Food Adultération,' 2nd ed. 356) ;
Blyth (' Foods : their Composition and Analy-
sis,' 492). For analysis of peppers of commerce
t. johnston (An. 14, 41).

Podophyllum Resin. Résina podophylli. (Ré¬
sine de podopliylle, Fr. ; Podophyllumliarz, Ger.)
This favourite purgative is obtained from the
rhizome and rootlets of May apple, Podophyl¬
lum peltatum (Linn.), which, with its beau-
tiful wax-like flower, grows abundantly through-
out the American continent, east of the Missis¬
sippi and south of Hudson's Bay (Bentl. a. T.
17). It is also said to occur in Japan (Ph. [3]
19, 346). Only two species of the genus Podo¬
phyllum are known. The second, which yields
the Indian podophyllum, P. Emodi (Wallich),
possesses the same properties as the American
species. It inhabits the shady valleys of the
Himalayas, and is abundant in Kunawin and
Kashmir (Dymock a. Hooper, Ph. [3] 19, 585).

Besides the resin, upon which the purgative
property of the drug dépends, Mayer, who exa-
mined podophyllum in 1863 (Am. J. Pharm. 1863,
97), reported it to contain berberine, saponin,
and a colourless alkaloid ; but no evidence of
these compounds, at least in the crude resin,
has been obtained by subséquent observers
(Power, Am. J. Pharm. 1878, 369 ; Maisch, Am.
J. Pharm. 1879, 590; Biddle, Ph. [3] 10, 468).

The resin is prepared by extraeting the dried
and powdered drug with alcohol, and throwing
the alcoholic solution into water or water acidu-
lated with hydrochloric acid, the latter helping
the resin to agglomerate, and thus to subside
inore readily. The precipitate should be dried
by simple exposure to the air, or, at ail eveuts,
at températures below 35°. Thus prepared,
podophyllum resin has a greyish-white, slightly
yellow, or greenish-yellow colour. If higher
températures be employed the resin is darker.
A more distinct yellow colour is produced by
the use of alum water as a précipitant. Varia¬
tions in colour, observable in commercial spé¬
cimens, have not been found to affect appre-
ciably their physiological activity (Senier a.
Lowe, Ph. [3] 8, 443 ; Klie, Am. J. Pharm. 1877,
578; Buseh, Am. J. Pharm. 1877, 548; Lloyd,

Ph. [3] 10, 70 ; Jones, Chem. Drug. 34, 701).
The yield of resin varies from 3 to 5 p.c. From
Indian podophyllum 12 p.c. of crude resin was
obtained by Dymock and Hooper.

Podophyllum resin is soluble in alcohol and
caustic alkalis. From its alkaline solution it
is re-preeipitated by acids. Although the resin
is precipitated from its alcoholic solution by
water, it is not insoluble in that menstruum. As
much as 80 p.c. may be dissolved in hot water,
and only a part of this re-precipitates on cooling.
Power finds the crude resin to melt at 120 to 124°.
Ether dissolves about 60 p.o. of the resin (v.
Guareschi, G. 10,16).

The investigations of Podwyssotzki have
thrown much new light on the chemistry of podo¬
phyllum (Areh. Path. u. Pharm. 13, 29 ; P. Z. 20,
49 ; 140, 208 a. 777 ; Ph. [3] 12,217 a. 1011). The
author reviews experimentally the literature of
podophyllum, and isolâtes a sériés of definite
crystalline and other constituents, the properties
of which he has studied, and to one of which
he finds the médicinal activity to be due.
These compounds exist both in podophyllum
and in the resin, but they are more readily
obtained from the crude drug. The essential
constituent is a colourless, amorphous, poison-
ous bitter, podophyllotoxin, which, by the action
of lime-water, splits into a neutral, crystalline,
bitter, poisonous picropodophyllin, and the
calcium sait of inactive picropodophyllic acid.
The colour of podophyllum is due to the com¬
pound podophylloquercetin, which erystallises
in yellow needles with a metallic lustre. The
other constituents are inert podophyllic acid
and an inactive resin insoluble in ether. The
active purgative constituent is picropodophyllin.

To obtain podophyllotoxin podophyllum is
extracted with cold chloroform, which must be
free from alcohol, otherwise podophylloquercetin
is dissolved also. The chloroformic solution
concentrated to a syrup is poured into ether,
when inert podophyllic acid, insoluble in ether,
is precipitated. If the clear liquid is now
dropped into petroleum ether this solvent re¬
tains the fat, and the podophyllotoxin is pre¬
cipitated as a white powder. It may be purified
by re-solution in chloroform and répétition of
this process. Thus obtained, podophyllotoxin is
a very bitter white or pale-yellow powder, and
dissolves in weak spirit or in hot water. It is
readily soluble in chloroform or ether, but it is
insoluble in petroleum ether. Analysis gave
C 67'62 p.c., H 7-46 p.c., O 24-92 p.c. Podo¬
phyllotoxin may be administered to adults in
doses of \ to -j grain in alcoholic solution.

Picropodophyllin is prepared from podophyl¬
lotoxin by mixing the alcoholic solution with
slaked lime and evaporating to dryness on a
water-bath. The residue extracted with hot
absolute alcohol yields silky crystals of picro¬
podophyllin on cooling. This compound pos¬
sesses the activity of the drug in the highest
degree. A dose of 4 centigrams administered
to a cat caused death, preceded by violent
évacuations and vomiting. It is very soluble
in chloroform or alcohol, but insoluble in water
or petroleum ether. On burning it gave C 67-71
p.c., H 5-31 p.c., O 26-98 p.c. The resinous
compound, picropodophyllic acid, may be pre¬
pared from the residue, after extraction of picro-
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podophyllin, in which it exists in combination
with calcium. It has no physiological activity,
antl was not obtained in a sufficiently pure state
for analysis. After podophyllum has been treated
with chloroform as described, and with petro-
leum ether to remove fat, the podophylloquer-
cetin, which is insoluble in these solvents, is
extracted by ether. The ethereal solution is
evaporated, and the podophylloquercetin purified
by conversion into a lead compound, and subsé¬
quent régénération and re-solution in ether.
After removal of the ether it remains as a

yellow powder, which may be obtained in
yellow crystals by sublimation. On exposure to
the air it changes to green, a fact which accounts
for some of the colours observable in the com¬

mercial resin. It has no emetic or aperient
action, but is, perhaps, the cause of the intes¬
tinal pain which sometimes accompanies the
administration of podophyllum. Podophyllo¬
quercetin is the colouring agent of podophyllum.
It is insoluble in water, and forms with alkalis
bright-yellow solutions. Ferrie chloride colours
it dark green. It melts at 247-250°, and on ana¬
lysis gives C 59-37 p.c., H 4-01 p.e., 0 36-62 p.c.

The investigations of Podwyssotzki have re-
cently been supplemented to an important
extent by Kiirsten (Ar. Ph. 229, 220). By a
slightly modified process the constituents dis-
covered by the former chemist have ail been ob¬
tained in orystals and have been analysed. Po-
dophyllotoxin forms prisms melting at 93-95°
and having the composition C23H2409,2H20.
With sulphuric acid it gives a cherry-red colour,
changing to greenish-blue and violet. It does
not appear to contain liydroxyl, but by Zeisel's
method gives evidenee of the presence of three
methoxyl groups. Oxidised by permanganate in
alkaline solution it yields podophyllic acid,
C20H24O9, in well-formed crystals. This acid
melts at 158-160° and forms a copper sait,
C20H23O9Cu, consisting of light-green prisms.
The crystalline picropodophyllin obtained by the
action of alkalis on podophyllotoxin proves to
be an isomeride of that compound. It yields the
same products when oxidised, but melts at 227°.
Picropodophyllic acid, which was obtained in
small quantity, forms crystals which melt at
156-158°. It closely resembles podophyllic
acid, C20H21Oo. Crystalline podophylloquercetin,
C.,jH]6Ô]0, melts at 275-277°. It may possibly
prove to be quercetin.

Kremel (Ph. Post, 1889, 105) suggests that
podophyllum resin should be valued by a déter¬
mination of the proportion of podophyllotoxin
which it eontains. About a gram of the resin is
treated with chloroform in the cold as long as
anything is dissolved ; the solution obtained is
evaporated to a small bulk, and then poured into
twenty times its volume of petroleum ether.
The podophyllotoxin separates, and is colleeted,
dried, and weighed. Commercial specimens of
resin yield 20 to 30 p.c.

Ehubarb Eesin (v. Rhubaeb).
Sandarac. Sandaraca. (Sandaraque, Fr. ;

Sandarak, Ger.) A pale-yellow translucent
exudate from a small evergreen tree, Callitris
quadrivalvis (Ventenat), which inhabits North¬
western Africa. It somewhat resembles mastich,
but is brittle between the teeth. The investi¬
gations of TJnverdorben (Scher. J. 60, 82) and

Johnston (Tr. 1839, 293) show that it eontains
three resins. From an aleoholic solution of
the crude resin, aleoholic potash précipitâtes
the (y)-resin in combination with potassium.
When purified and set free by an acid the
(7)-resin is a difficultly-fusible white powder.
It is the ' sandaracin ' of Geise (Scher. J. 9,536).
The aleoholic mother-liquor from the separated
(7)-resin eontains the (a)- and ($)-resins, which
may be separated by 60 p.c. alcohol, in which
the (a)-resin is easily, and the (fl)-resin difficultly
soluble. Sandarac, which is also known in com¬
merce as ' gum juniper,' is used in the prépara¬
tion of varnishes.

For Australian and Tasmanian sandarac v.

Maiden (Ph. [3] 20, 562).
Wars or Waras Besin. This drug, which,

coming from India or Arabia, has from time to
time appeared as a substitute for kamala, con-
sists of the glands and hairs of species of
Flemingia. The powder resembles kamala, but
is of a darker colour. It yields resin to the
same extent as kamala, and is closely related to
that drug in ail its characters. F. Fliickiger (Ph.
[2] 9, 279 ; [3] 17, 1029 ; 18, 110), Kirkby (Ph.
[3] 14, 897), Dyer (Ph. [3] 14, 917 a. 969) and
Hooper (Ph. [3j 18, 213). A. S.

EESINATE LAKES. These lakes are pre-
pared by dissolving 100 parts of pale-coloured
resin in a solution of 33 parts of soda crystals
in 1,000 parts of water. The mixture is boiled
for an hour, after which it is cooled down to
about 50°C. by the addition of 1,000 parts of
cold water, and then the filtered solutions of
such basic dyes as magenta, methyl-violet,
brilliant green, auramine, &o., are added. The
amount of dye used dépends on the depth of
colour desired, and varies between 5 and 15
p.c. on the amount of resin. The resin-soap
solution must be of the right température and
degree of concentration when the addition of
dye is made, so as to avoid the séparation of the
colour bases in the form of résinâtes. A slight
excess of a dilute solution of a metallic sait is
added ; in the case of zinc sulphate, 55 parts
dissolved in 1,000 parts of water are used for
the above quantities of resin, &c. The solutions
of magnésium salts must be very dilute, since
otherwise the lake becomes resinous on dry-
ing. The lakes which are not to be used in the
paste form are thoroughly dried at a tempéra¬
ture of 40° to 50°, or 70° in the case of mag¬
nésium lakes. The dried lakes are of an ex-

eeedingly fine bright colour. They are not
affected by air or moisture, and boiling water
fails to extract colouring matter. Weak alkalis
and acids are also without action, and strong
solutions of hypochlorites act very slowly on
them, provided that light is excluded ; but, in
presence of light, oxidising agents act rapidly.
Their solubility in alcohol dépends upon the
nature of the combined metallic base ; magné¬
sium lakes dissolve easily, calcium and barihm
lakes fairly easily, aluminium and iron lakes
only slightly. Benzene, ether, chloroform, light
petroleum, and other solvents dissolve them
easily. Some of the lakes—those of aluminium,
for instance—are decomposed when their solu¬
tions are kept for a little time, the metallic base
separating, but others, such as those of zinc and
calcium, keep indefinitely. They resist light
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r airly well. Lakes made with brilliant green
c-esist badly, but those coloured with auramine,
methyl-violet, saffranine, obrysoidine, and par¬
ti icularly rhodamine, resist very well. The
colours bleach more easily when in combination
-with aluminium and chromium than with zinc
and magnésium. The action of light renders
tle lakes insoluble in benzene, liberating the
eolour-base, which may -be extracted with hot
water. The solutions of the lakes form good
varnishes, whose elastieity and power of en¬
durance are increased by the addition of a little
indiarubber or guttapercha. The following is
an example of such a varnish : 30 parts of
magnésium lake are dissolved in 80 parts of
benzene and 20 parts of chloroform, and the
solution obtained mixed with 150 parts of a
clear solution of 1J p.c. of indiarubber in chlo¬
roform and benzene (A. Millier-Jacobs, D. P. J.
273,139-142 ; S. C. X. 8, 770).

resoin v. Phénol and its homologues.

res0phthalin. Fluoresceinv. Triphenyl
methane colouring matters.

res0rcin. Besorcinol v. Phénol and its

homologues.
res0rcin bette v. Phénol coloceing

mattebs.
res0rcin brown. The sodium sait of

xylidin-azo-sulphanilic-azo-resorein. A brown
powder, soluble in water and sulphuric acid,
forming brown solution. Dyes wool brown in
an acid bath.

re 3orcix yellow v. Azo- colouring

mattebs.

resorttfin v. Phénol colouring matters.

retene or methyl-propyl-phen-
anthrene ci8h,8 (Bamberger and Hooker),
occurs in high boiling tar oils derived from re-
sinous pine-wood, and forms a faintly yellow,
glittering, crystalline powder, which melts to a
jellow oil at 98'5°. It can be melted together
with différent oils, fats, and hydrocarbons, and
raises or lowers their melting-point accordingly.
It can also be obtained by distilling resin oil
with sulphur. The fossil resin of the coniferse,
as found in Switzerland, Bavaria, and Denmark,
contains retene as its principal constituent. It
appears, indeed, very probable that the hydro-
carbon is in every case derived from the coniferœ ;
ti. Ekstrand, A. 185, 75 ; E. v. Boyen, C. Z.
11,1,297 ; S. C. I. 7, 116.

retin asphalt v. Resins.
retinic acid v. Resins.
retinite v. Resins.
rhamnetin v. Persian-berries.
rhamnose (Isodulcite) c0h12o5 + h2o (cf.

Persian-berries, p. 128). Rhamnose appears
to be fairly widely distributed in nature in the
form of glucosides, the following of which class
of substances yield it on hydrolysis : xantho-
rhamnin (Liebermann andHôrmann),quercetrin
(Liebermann and Hamburger, B. 12, 1178),
ratin (Schunck, C. J. 1888, 263), sophorin, the
colouring matter of so-called Chinese yellow
berries, which are really the unexpanded flower
buds of Sopliora japonica (Foerster, B. 15, 215),
hesperidin (Tanret, Bl. 49, 23) and frangulin
(Thorpe and Miller, C. J. 1892).

Its empirical formula C6H,,06 formerly led
to its being classed with dulcitol and mannitol,
but Fischer and Tafel showed that its behaviour

Vol. III.— T

I with phenyl-liydrazine and with Fehling's solu-
i tion distinguished it from the hexatomic aleo-
hols, and indicated it to be an aldehyde or
ketonic alcohol of the composition C8H,2Os, and
which unités with a molecule of water in the
same way as certain other aldéhydes—as, for ex¬
ample, choral and glyoxylic acids. It yields an
osazone C6H]0O3(N2H.C6H5)2 melting at 180°, and
a phenylhydrazone C6H1204.N2H.C6H5 which
melts at 159°. The same chemists also prepared
rhamnosecarboxylic acid, and submitted this to
the action of liydrogen iodide, when a laetone
and normal lieptylic acid were produced. The
formation of the latter proved that rhamnose
contains a normal carbon chain and an aldehyde
grouping. These facts together with Herzig's
observation that acetic acid is formed on oxidis-
ing rhamnose with silver oxide, and from which
he concluded that rhamnose contains a methyl
group, rendered it highly probable that the
sugar in question has the constitution

ch3.choh.choh.choh.choh.coh,
that it is, in fact, methylarabinose. Thecorrect-
ness of this view was finally proved by Maquenne,
who showed that rhamnose undergoes the same
décomposition as arabinose when distilled with
sulphuric acid, that whilst arabinose yields its
anhydro- derivative furfuraldehyde, rhamnose
gives the homologue ofthismethylfurfuraldehyde.
The latter must therefore be regarded as an
anhydro- derivative of rhamnose.

The following references may be given in
addition to those found under Persian-berries :

Fischer and Tafel, B. 20, 1,091, 2,574; 21,
1,657, 2,173; Fischer, B. 22, 96; Fischer and
Passmore, B. 22, 2,733; Maquenne, C. R. 109,
603; Raymann and Kruis, Bl. 47, 668, 760 ; 48,
632 ; Raymann, B. 21, 2,046 ; Will and Peters,
B. 21, 1,813; 22, 1,697.

rhatany root. The dried root of Kra-
meria triandra (Peruvian rhatany) or K. Ixina
(Savanilla rhatany). The bark contains about
20 p.c. of a kind of tannin. Is a strong astrin¬
gent. For rhatany red v. Grabowski, A. 143,274.

rheic acid v. Rhubarb.
rheotannic acid v. Rhubarb.
rhinanthin c^h^o.,,,. A glucoside found

in the seeds of Alcctrolophus hirsutus and Bhinr
anthus crista-galli, or yellow rattle, and which
gives rise to the violet colour oecasionally found
in rye bread (Ludwig, Z. [2] 5, 303 ; Ar. Ph. [2]
142, 199). It has a nauseously bitter-sweet
taste, and crystallises in prisms.

rhocadine v. Vegeto-alkaloids.
rhodamine. The first représentative of

an interesting class of dyes obtained by fusing
the amido-plienols or their derivatives with
phthalic anhydride. Rhodamine is formed by
heating together 1 mol. of phthalic anhydride
with 2 mois, of diethyl - meta - amidophenol

N(C2H5)2 jûH, for several hours at 200°.
The constitution of the pure product obtained is

/N(02H5)2c„H/

CrC8H3<
\ \niVc8H4

I
o-co

SN(C2H3)2

A A
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a body in which the basic properties evidently
predominate. The commercial product is the
hydrochloride. It is obtained as a brown-red
powder, easily soluble in water, with a fine
crimson colour and a characteristic orange
fluorescence. The scarlet fluorescence of the
glacial acetic acid solution is very fine. On
heating the aqueous or acetic acid solution to
about 90°, the fluorescence vanishes, but re-
appears on cooling. Tannic acid produees in
presence of sodium acetate a bright crimson
precipitate (rhodamine tannate), which is not
fast to light. The triple compound, however,
of rhodamine, tannic acid, and antimony, pro-
duced by adding tannic acid to a solution of
rhodamine and tartar emetic exposed along
with the tannate, was found to resist the action
of light very well. With stannous chloride the
aqueous solution shows a most characteristic
reaction ; a cinnabar-red precipitate is pro-
duced which, whilst still in a fine state of divi¬
sion, transmits a bright-blue light. In strong
sulphuric acid, rhodamine dissolves with a
yellow colour, which, on dilution with water,
gives place to red again. To wool and silk
rhodamine is best applied in a neutral bath,
but it can also be dyed in an acid bath, and can,
therefore, be employed along with some of the
acid dyes. The colours obtained are various
shades of pink, which show a marked orange
fluorescence. The shades stand light better than
those produced by any strong coal-tar colour
(with the exception, perhaps, of Magdala red).
They also stand soaping fairly well (wool), but
when milled strongly are liable to blend into
the white.

On cotton, rhodamine is best applied with
the tannic acid and tartar-emetie mordant. It
may also be fixed on cotton mordanted with
Turkey-red oil ; in this case the colours ob¬
tained are fluorescent (E. Kneeht, Jour. Soc.
Dyers and Colourists ; S. C. I. 7, 560).

RHODIENE. A hydrocarbon uC10H]c ob¬
tained from rosewood oil (Gladstone, C. J. [2]
10, 3).

RHODIUM v. Platinum metaes.

RHODOCROISITE. Manganèse carbonate v.
Manoanese.

RH0D0NITE. Manganèse silicate v. Man¬
oanese.

RHŒADINE C21H21NO0. An alkaloid found
by Hesse (A. 140, 145 ; 149, 35) in the red
poppy and in the ripe seed-capsules of the
white poppy. By the action of dilute minerai
acids is converted into the isomeric base
rhœagenine.

RHUBARB (Rheum ; Rhubarbe, Fr. ; Rha-
barber, Ger.). The root of Rheum palmatum
(Linn.), Rheum officinale (Bâillon), and possibly
other allied species, ail inhabitants of Central
Asia. For botanical charaeters v. Bentl. a. T.
213, 214 ; Fl. a. H. 491 ; Pereira (Mat. Med. 1850,
2, 1343); also Fliickiger (N. R. P. 25, 1), and
Bâillon (Ph. [3] 3, 301). Attempts have been
made from time to time to cultivate the officiai
rhubarb plants in Europe which have been at-
tended with a certain amount of suceess. Other
aUied species have also been grown. These
have supplied the market with substitutes for
the Chinese drug. The most important are
R. Rhaponticum (Linn.), cultivated for a

century in the neighbourhood of Banbury, and
the same species, together with R. palmatum
(Linn.), R. undulatum (Linn.), and R. compactant.
(Linn.), which are grown in France and Ger-
many. The comparative value of English
rhubarb has been studied by H. Senier (Ph. [3}
8,444) and Elborne [3] 15, 136).

Rhubarb has been known from the very
earliest times as a mild purgative and stomachic.
Not only was its value appreciated by Dioscorides,
but in China its history goes back to the reign of
the Emperor Shen-Nung, b.c. 2700. With the
advent of chemical inquiry at the beginning
of this century the composition of rhubarb was
studied by numerous investigators. Of their
results a summary is given by Pereira (Mat.
Med., 1850,2,1355), but, with the exception of the
identification of constituents which are common

to most plants, this early work only resulted in
the préparation of active but chemically indefi-
nite extractives.

The first chemical investigation to give de-
finite results of physiological importance was
that of Schlôssberger and Dôpping (A. 50, 213).
These observers isolated chrysophanic acid, a
yellow crystalline colouring agent which had
already been found in the wall-lichen by Roch-
leder and Heldt (A. 48, 12), and which Lieber-
mann (A. 183, 145) has recently shown to be a
derivative of anthraquinone. Chrysophanic acid
has also been obtained from Sqttamaria elegans
(Thomson, A. 53, 260), Rumex obtusifolius
(Linn.) (Thann, A. 107, 324), and from senna,
Cassia acutifolia (Delile), and C. dngustifolia.
(Vahl). De la Rue and Millier (C. S. Mem. 10,
298) discovered another crystalline colouring
matter of a darker red-orange colour, emodin.
This compound has also been found in the barl
of Rhamnus Purshiana (De Cand.), Cascara
Sagrada, and of Rhamnus Frangula (Linn.),
and its constitution, according to Liebermann,is,
like chrysophanic acid, that of an anthraquinone
derivative. Chrysophanic acid is methyldi-
hydroxyanthraquinone

CsII<go>C6H(CH3)20H
and emodin is methyltrihydroxyanthraquinone

C6H4<^>Cs(CH3)30H.
Both these compounds are therefore nearly re-
lated to alizarin, which is a dihydroxyanthra-
quinone

C6H4<qq>C6HO20H.
Just as in madder alizarin does not occur ready
formed, but is the product of the fermentation
of a glucoside, so, according to Kubly (P. Z. 6,
603 ; 24, 193 ; Ph. [3] 16, 65) chrysophanic acid
does not exist to any appréciable estent in
rhubarb root, but is produced by the fermen¬
tation, in presence of water, of a glucoside
chrysophan. This view is confirmed by Dragen-
dor'fl (Ph. [3] 8, 826).

Three somewhat indefinite resinous con¬

stituents were isolated, besides chrysophanic
acid, from rhubarb, by Schlôssberger and Dôp¬
ping. They are : aporetin, phceoretin, and
erythroretin (v. Gm. 16, 176).

Kubly, working in a différent way, obtained
from rhubarb another sériés of compounds. This
chemist treats an aqueous extract of rhubarb
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with aloohol, and précipitâtes the solution ob-
tained with lead acetate. The precipitate, after
décomposition with sulphurettecî hydrogen, yields
to ivater a yellow-brown pulvérulent compound
rhotannic acid C^EL^C),,. This compound is
insoluble in ether but soluble in water and
aleohol, and forms a lead sait CjsH^O^PbO.
By the action of dilute acids it breaks up
into fermentable sugar and a new substance
rheic acid, C2l,H1609. From the residue after the
removal of rheotannic acid by water, aleohol
extracts phœoretin, C]6H,bO„ agreeing in ail re¬
spects with the description of Schlôssberger and
Dôpping. The filtrate from the original pre¬
cipitate with lead acetate is decomposed by
sulpkuretted hydrogen, and the precipitate ob-
tained after removing sugar by treatment with
water yields to aleohol an indiffèrent colourless
cristalline substance CàHaO„, and chrysophan,
which, unlike chrysophanic acid, is insoluble in
ether and petroleum ether.

For analyses of rhubarb see Dragendorff (Ph.
[3] 8, 826), H. G. Greenish (Ph. [3] 9, 983),
Elborne (Ph. [3] 15, 137), Dessaignes (J. Ph.
[3] 25, 23), and for inorganic constituents
Brandes (J. 1853, 581), Tip (J. 1854, 657), and
Boni (Ph. Post, 1888, 51). For rhubarb-testing
see Maisch (Am. J. Pharm. 43, 259), Howie
(Trans. Brit. Pharm. Conf. 1873, 562), Husson
(Union Pharm. 16, 99) and H. G. Greenish (Ph.
[3] 9, 813). A. S.

RHUBARB RESIN v. Rhubakb.
RHYACOLITE v. Felspab.
RICE is the grain of Oryza sativa, a native of

Asia, where it is very extensively cultivated in
India, Japan, and China. It is also grown in the
West Indies, Central America, and the United
States.

Crawfurd, reasoning on philological grounds,
concluded that riee was introduced into-Persia
lrom Southern India. The Arabs carried it into
Spain under the name of aruz, whenee the arros
of Spanish, rizo of Italian, and English rice.

The plant itself sports into many varieties, of
which Roxburgh enumerated over fifty ; some
growing in marshy and other in dry ground, some
coming to maturity in three months and other
at longer periods up to six months. Kellner and
Sawano, examining Japanese rice, distinguished
mountain rice and marsh rice, the former of
which thrives on dry soil and perishes when
sown in the wet rice valleys where the second
iourishes to die in its turn if sown on dry soil.
The two classes are morphologically the same,
and the cause of this great différence is as yet
undiscovered.

Rice affords food for millions of human beings
in tropical climates, but is not equally suitable to
temperate eountries ; the fatty matter contained
in it being less than that of other cereals. The
amount of gluten in rice, aco.ording to Payen's dé¬
termination, is only 7 p.c., against 22 p.c. in finest
wheat flour, 14 p.c. in oats, and 12 p.c. in maize.
The percentage of potash is as 18 to 23 in wheat.
Rice is also used to an enormous extent for its
starch, of which the granules are the smallest
among ail commercial starches. Rice further-
more is used by distillers.

A section of the grain shows (1) an outer
fibrous husk, (2) a layer of gluten cells, and (3)
the starch cells. The starch is polygonal, mostly

five- or six-sided, here and there three-sided. With
a microscope of high power a starred pilum is
seen. The average size of the granules is, ac-
cording to Blyth, from "0050 to '0076 mm. (-0002
to -0003 inch), the maximum, according to
Wiesner, being -022 mm. (-0008 inch).

The following analyses of Carolina and Pied-
mont rice are by Braconnot :—-

Caroliilarice Piedmont rice
Starch 85-07 83-80

Woody fibre 4-80 4-80
Gluten 3-60 3-60
Tallowy oil 0-13 0-25
Sugar, uncrystallisable 0-29 0-25
Gum.... 0-71 o-io

The Ash
Potash 18-48
Soda 10-67
Lime . . . 1-27
Magnesia . 11-69
Oxide of iron . 0-45
Phosphoric acid 53-36
Chlorine . . 0-37
Silica 3-35

The following are by Blyth :—
Rice Grain Per cent.

Water 14-41
Nitrogenous substance 6-94
Fat .... 0-51
Starch 77-61
Woody fibre . 0-08
Ash .... . 0-45

The Ash Per cent.
Potash . 21-73
Soda . 5-50
Lime # 3-24

Magnesia . 11-20
Ferrie oxide . 1-23
Phosphoric acid . 53-68
Sulphuric acid . 0-62
Silica . 2-70
Chlorine . 0-10

Kellner examined three kinds of Japanese
rice with the following results

Marsh Rice Mountain
-A ^ Rice

Ordinary Glutinous
Protein matter . 7-00 5-87 8-75
Fat . 2-29 3-44 2-58
Cellulose . 4-58 5-19 1-98
Non-nitrogenous

extract . 84-76 83-89 85-53
Ash . 1-37 1-61 1-18

The figures for fat are higher than in other
analyses of rice; but this is accounted for by
the fact of the samples analvsed being undressed
grain, whereas other investigators have exa¬
mined the dressed commercial article. For
other analyses v. Kônig, Chemie der menschl.
Nahrungs- und Genussinittel.

RICINE v. Vegeto-alkaloids.
RICINOLEIC ACID C,sHM03. An acid occur-

ring as a glyceride in castor-oil (Ricinus com-
munis) and in the oil from the seeds of Jatropha
Curcas. Best obtained by fractional précipitation
of castor-oil soap by means of calcium chloride,
the greater part of the calcium ricinoleate being
contained in the last fractions (Claus and Hasse'n-
kamp, B. 9,1,961). Is a thick, oily liquid, solidi-
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fving below 0° ; soluble in alcohol and ether.
By the action of nitrogen trioxide is converted
into ricinelaïdic acid, a solid crystalline sub¬
stance soluble in alcohol ; m.p. 50°.

RICINUS OIL v. Castok oil; also Oils,
fixed, and Fais.

RINMANN'S GREEN v. Cobalt.
RIONITE. A bismuth fahlore found at

Cremenz, in the Canton Wallis.
ROBURITE v. Explosives.
ROCCELLA v. Aechil (vol. i. p. 191) and

Lichens (vol. ii. p. 464).
R0CCELL1C ACID C,5HM(CO.,H,). An acid

found in Roccclla fuciformis and Lecanora tar-
tarea. A white crystalline body; m.p. 130°;
insoluble in water, readily soluble in alcohol
and ether (Heeren, Schweig. Journ. 59, 346;
Schunck, C. J. 3, 153 ; Hesse, A. 117, 332).

ROCCELLIN v. Azo- colouring mattebs.

ROCHELLE SALT v. Taeteates.
ROCK, ALUM, Alunitev. Alums (vol. i. p. 78).
ROCK CRYSTAL v. Quaktz.
ROCK OIL v. Petroleum.
ROCK SALT v. Sodium chloride.
ROMAN ALUM v. Alums (vol. i. p. 78).
ROMAN CEMENT v. Cement (vol. i. p. 477).
ROMAN LAKE. Crimson lake v. Pigments.
ROMAN OCHRE. A variety of argillaceous

ferrie oxide of an orange-yellow colour, used as
a pigment.

ROMITE v. Explosives.
ROSANILINE and ROSANILINE DYES v.

ïriphenyl methane coloueing mattees.

ROSCOELITE v. Vanadium.
ROSE BENGAL v. Phthaleïns, art. Tei-

phentl methane coloueing mattees.
ROSE OIL v. Oils, essential.
ROSE PINK. A pigment prepared by dyeing

vvhiting with Brazil wood. It is too fugitive for
artistic use, but is much employed in paper-
staining.

ROSEÏNE. A synonym for fuchsine or
aniline-red ; v. Triphenyl methane coloueing
mattees.

ROSENTHIEL'S GREEN or CASSEL
GREEN. Manganate of barium. It is also
known as manganèse green. It is a very un-
stable pigment.

ROSEMARY OIL, v. Oils, essential.
R0SEW00D, OIL OF. A volatile oil ob-

tained from the wood of Convolvulus scoparius
by distilling with water. A light-yellow oil con-
sisting mainly of a terpene C10H16; b.p. 249°.
Used occasionally for adulterating oil of roses.

ROSHYDRAZINE. The colour and leuco-
bases of triphenylmethane, when diazotised and
treated with SnCl,, are readily converted into
hydrazines. For example : Rosaniline (5 grms.)
is dissolved in 30 c.c. of hydrochloric acid and
70 c.c. of water, and the iced solution is diazo¬
tised by adding 3| grms. NaNCL in 10 c.c. of
water. On mixing the solution of the diazo-
compound with a well-eooled solution of 12 grms.
of tin in 30 c.c. of hydrochloric acid, the roshy-
drazine hydrocjiloride separates out in green-
shimmering crystals. The body is easily soluble
in water, nearly insoluble in hydrochloric acid.
Its solution has a bluer shade than rosaniline ;
it is a strong eolouring matter, and dyes
tannined cotton a deep brownish-red. Like
other hydrazines, it reduces Fehling's solution,

and forms condensation products with aldéhydes
and ketones. The latter compounds are sparingly
soluble dyestuffs ; thus acetone, aldehyde, pyr-
uvic acid, benzophenone, &c., give reddish to
bluish-violet colours ; acetoacetie ether andbenz-
aldehyde gave blues ; whilst glucose gives a
greyish-blue. Benzaldehydesulphonic acidyields
a blue soluble in water. These condensation-
produets can also be forrned upon the fibre. The
réduction of the diazo- compound of acid-magenta
gives rise to easily-soluble sulphonic acids of
roshydrazine, the condensation products of which
are soluble eolouring matters. Saffranine, when
treated in the same way, does not give a hydraz-
ine, but evolves nitrogen (J. H. Ziegler, B. 20,
1557-1558 ; S. C. I. 6, 594).

ROSINS v. Resins.
ROSIN OIL v. Resin oil.
ROSIN SPIRIT v. Resin oil.

ROSINDOLES v. Indoles.
ROSOCYANIN v. Tuemeric.
ROSOLIC ACID v. Aueine.
ROSTHORNITE v. Resins.
ROTTENSTONE. A disintegrated rock which,

when washed and ground, is used as a polishing
material for métal, marble, &c. It is usually
regarded as the residual matter left on the
natural décomposition of impure limestone. If
the limestone be siliceous, the silica may be
left in a very finely-divided condition ; but old
analyses of Derbyshire rottenstone show a very
large proportion of alumina. The rottenstone
of Derbyshire occurs in irregular cavities in the
carboniferous limestone, and the hest kinds are
said to be obtained from a black bituminous
limestone near Ashford, and on Bakewell Moor.
It has also been worked in South Wales,
espeeially in the counties of Brecon, Carmar-
then, and Glamorgan. The term 'rottenstone'
is sometimes applied to tripoli, a material con-
sisting of highly-comminated silica, which is
mostly derived from the frustules or siliceous
cases of the unieellular algœ known as diatoms.
It is tlierefore similar to diatomaceous earth or

kieselguhr (g. v.).
ROTTLERIN v. Resins.
ROUGE v. Iran oxides, art. Ieon.
ROUILLE v. Iran oxides, art. Iron.
ROYAL BLUE. Smalt v. Cobalt; also

Pigments.
RUBERYTHRIC ACID forms lemon-yellow

silky needles melting at 258-260°. It is readily
soluble in alcohol, and almost insoluble in ether
and benzene. On boiling with either acids or
alkalis it splits up into alizarin and grape sugar.
It does not form lakes with mordants, nor does
it ferment with yeast. Its Ba, Sr, and Ca salts
form beautiful red précipitâtes from boiling
aqueous solutions.

Schunck and Rochleder admitted the possi-
bility that rubianic and ruberythric acids might
be identical substances, and eareful comparison
of the two has proved the correctness of this
tlieory. Liebermann and Bergami compared
tlieir glucoside with a sample of rubianic acid
prepared by the late Dr. H. Rômer in Dr.
Schunck's laboratory. The results of the analy-
sis of the free acids, and of their Ba and K salts,
correspond better with the formula of Graebe and
Liebermann—viz., C._.6H29014—than with that of
Rochleder—viz., C^HojÔh. The latter formula
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is rendered more improbable, because aceording
to his équation the décomposition of the glucos-
ide into alizarin and sugar takes place under
dehydration of the molecule :

C2nH,,On = H.,0 + CuH804 + C6H1206 ;
whilst usuaîly such décompositions are effected
by liydration, which also is the case in the
équation proposed by Graebe and Liebermann :
OftA, + 2H.0 = C14H804 + 2CbH,206. As fur-
ther proof in favour of this équation, the rub-
erythric acid was dissolved in cold concentrated
sulphuric acid ; this solution, diluted with four
times its weight of water, was then heated on
a boiling-water bath for one hour, and after
îurther dilution for other two hours, the amount
of alizarin obtained was 43 p.e. ; whilst the
équation requires 42*5 p.c. However, the de-
composition in like manner of the octo-acetyl-
ruberythric acid CaH^OC^sOJjOj, and quanti¬
tative détermination of the alizarin, grape sugar,
and acetic acid formed, proved beyond doubt the
identity of the two bodies, the reaction being as
follows :

C,BH.,„(0C.,H30)8O8+ IOH.,0
= C,"4Hs04 + 2CaH,A + 8C2H402.

The above acetyl eompound is readily formed
by the usual method by means of acetic an¬
hydride and acetate of soda. It forms bright-
yellow needles soluble in cold glacial acetic acid,
soluble with difficulty even in hot alcohol, and
insoluble in water. It melts at 230°.

The constitution of ruberythric acid is usually
espressed by the formula

C H O /O.C6H,0.(OH)4
-\0.CcH;0.(0H)4'

in which both phénol-hydroxyl groups are eom-
bined with grape sugar, and which admits quite
well of the formation of an octo-acetyl eom¬
pound. However, the formula

o go /0'.C,2H1403(0H),
admits this equally well, and explains better why
ruberythric is a strong mono-basic acid, decom-
posing carbonates and (even when heated)
acetates of the alkalis. The faet that it does
not form lakes with mordants, which might be
urged in favour of the former formula, loses its
significance, since it has been shown that sub¬
stitution in only one hydroxyl group destroys
the dyeing property of alizarin. However, it
nécessitâtes, what is not yet proved thoroughly,
that the sugar combined with the alizarin should
be a dextrose (C12 sugar group), which, on de-
composition, must yield grape sugar (C. Lieber¬
mann and 0. Bergami, B. 20, 2241-2247 ; S.C.I.
6, 722) ; v. Glucosides ; also Alizarin and
allied colouring matters.

RUBIACIC ACID v. Madder.
RUBIACIN v. Madder.
RUBIADIR. Rubianin v. Madder.
RUBIADIPIN v. Madder.
RUBIAFIN v. Madder.
RUBIANIC ACID v. Ruberythric acid ; also

Glucosides, and Alizarin and alleed colour-
kg matters.

RUBIDEHYDRAN v. Madder.
RUBIDINE v. Azo- colouring matters.

RUBIHYDRAN v. Madder.
RUBIRETIN v. Madder.
RUBRIC LAKE. Madder lalce v. Pigments.

RUBIDIUM. Rb. At. wt. 85'2 (Bunsen,
Picard, Goddefroy). Rubidium was discovered
by Bunsen and Kirchhofi by means of the spec-
troscope, immediately after the discovery of
caesium, in the Diirkheim water. It usually
occurs with caesium, being found in lepidolite
and petalite, in many minerai springs, in the
ashes of seaweed, tobaeco, tea, &c., and of beet-
root molasses ; in crude eream of tartar, &a. (v.
also Césium). Rubidium cannot replace potas¬
sium as a plant food.

It may be prepared by heating a mixture
of sugar-charcoal, charred acid rubidium tar-
trate, and calcium carbonate at a white heat.
It appears, like potassium, to form an explosive
eompound with carbon monoxide.

Rubidium is a silver-white, soft métal,
melting at 38'5° (Bunsen), and evolving a bluish
vapour at a dull-red heat. It oxidises rapidly
in air, and décomposés water, with ignition of the
liberated hydrogen.

With the exception of cœsium, rubidium is
the most positive element. It forms one oxide ;
the hydroxide RbHO is very déliquescent, and
dissolves in water and alcohol. Its salts corre¬

spond exactly with those of potassium, but im¬
part a more reddish shade to the Bunsen flame
than the salts of that métal.

RUBIN BUFFALO v. Azo- colouring matters.

RUBRESSERINE v. Ordeal bean.
RUBY v. Corundum ; also Aluminium.
RUBY SULPHUR. Realgar, Arsenic sul-

phide, v. Arsenic.
RUDDLE v. Reddle.
RUE, OIL OF, v. Oils, essential.
RUFIGALLIC ACID or RUFIGALLOL

CI4H8O8.
_ . ^

A body obtained by heating gallic or digallie acid
with strong sulphuric acid. Is probably the
anhydride of digallie acid (H. Schitï, B. 4, 9G7)
or hexhydroxy-anthraquinone C]2H2(CO„).,(OH)8
(Jaffe, B. 3, 9G4).

RUFIMORIC ACID v. Fustic.
RUM is an ardent spirit, the produet of dis¬

tillation of saccharine matter. It is usually
made from molasses, or from the skimmings of
the sugar boilers and the waste of the crushing-
house. The principal source of supply is the
West India Islands and British Guiana, and the
qualitymost esteemed is associated with the name
of Jamaica. It is also distilled in France from
beetroot.

The method of manufacture in Jamaica is
by the use of a Pontifex still. To a given quan-
tity of skimmings, molasses, and water, so pro-
portioned that the saccharine matter contained
in it may reaeh 12 to 16 p.c., an equal quantity
of the lees of a previous distillation, called
'dunder' (Span. redundar, to be redundant), is
added. Fermentation goes on for a period vary-
ing with the strength of the wort, careful testing
being here necessary so as not to exceed the
maximum of atténuation where acidulation
supervenes. Being pumped into the still, the
liquor is drawn over until no longer inflammable.
After a second distillation of the low wines it is
found that, approximately, 115 gallons of proof-
spirit resuit from 1,200 gallons of wash eontain-
ing originally about 12 p.c. of sugar ; but this is
by no means to be taken as à universal estimate,
since the variation between the sugars of one
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district and those of another is considérable, and
may give from 65 gallons per hogshead (16 cwt.)
to 90 gallons per hogshead.

It is usually imported at a strengtli of 20°
overproof ; and the lowest limit of sale under
the Food and Drugs Act, 1877, is 25° u.p.

Imports and Value.

Year Imports Value

Proof gallons £
1888 4,147,656 336,356
1889 4,120,358 342,978
1890 6,241,842 552,675

Rum-shrub is rum flavoured with orange
lemon, and sugar.

RUST. The red or reddish-brown incrus¬
tation formed on iron and steel when exposed to
ordinary atmospheric influences. Iron is not
singular in this respect, as most other metals
undergo some superficial change under similar
circumstances. But with iron the change is
rapid, and the film first formed, instead of pro-
tecting the métal beneath from further action,
as is the case with other metals, continues to
increase in thickness until a rough earthy crust
is formed, which is easily detached in flakes.
This process may continue until the iron is
wholly coDverted into rust.

The change is finally one of oxidation, as
rust consists mainly of partially-hydrated ferrie
oxide varying between Fe203 and Fe2(OH)B. But
rust may contain notable quantities of ferrous
iron, especially in the lowest layers next the
métal. Bust is sometimes stated to contain ferro-
soferric oxide Fe304 ; but this appears to be an
assumption based merely on the coexistence in
it of iron in the two states of oxidation. Bust
may also contain additional substances derived
from the elements admixed with the original
iron, such as carbon, manganèse, silicon, slag, &e.

The eombined carbon of iron appears to be
largely eliminated in the form of hydrocarbons
during the rusting process, an occurrence which
will subsequently be seen to be quite probable.

The graphitic carbon is unaffeeted, and in
slow submarine rusting it is sometimes left as a
spongy mass preserving the form of the original
iron object.

The following are analyses of rust (Calvert) :

Rust from
Conway Bridge Llangollen

Fe.,0, 93-09 92-90
FeO 5-81 6-12

FeCOs . •90 •62
Silica •20 •12
Ammonia traces traces

CaC03 .
— •29

The chemical changes causing the forma¬
tion of rust were carefully studied by Crace-
Calvert (C. N. 23, 98). Taking clean blades of
métal, Calvert exposed them to différent in¬
fluences for four months, with the following
results : I. In dry oxygen, no oxidation. II. In
damp oxygen, only one blade in three slightly
oxidised. III. In dry carbon dioxide, no oxida¬

tion. IV. In damp carbon dioxide, slight white
precipitate of ferrous carbonate in four out of six
blades. V. In dry carbon dioxide and oxygen,
no oxidation. VI. In damp carbon dioxide and
oxygen, oxidation most rapid, a few hours being
sufticient ; blade dark green, then brown oebre.
As rust had been found to contain traces of
ammonia, Calvert tried experimentally whether
this substance accelerated rustiDg. He obtained
a négative resuit. On the other hand, he found
that rusting was prevented by the presence of
alkalis or alkaline carbonates. He concluded
from these experiments that carbonie acid played
a leading part in ordinary aerial rusting.

It is well known that iron is attaeked by an
aqueous solution of carbon dioxide. The ferrous
carbonate so formed dissolves in the excess of
carbonated water ; the iron in chalybeate water
is usually as ferrous carbonate dissolved by a
solution of carbonic acid. Chalybeate water ex¬
posed to the air soon becomes turbid, and forma
an ochreous deposit consisting of ferrie hydrate.
These changes, which are identical with those
that take place in rusting, may be expressed as
follows :

Fe + H.,0 + C02 = FeC03 + H„
4FeC03 + 6H",0 + 02 = 2Fe2(OH)B + 4C02.

The carbon dioxide is thus eliminated at the
end of the change, and may attack fresh portions
of iron. The change, however, is by no means
so rapid in its phases as many other chemical
actions of a similar cyclical kind, for the lower
layers of rust, as already stated, are often highly
ferrous and greenish in colour. Ultimately they
pass into the state of peroxidation. Bust is
liygroscopic, and in this way tends to accelerate
the rusting process. The élimination of eombined
carbon in the rusting process is explained by the
action of the nascent hydrogen in the first stage
of the change.

Though the cliemistry of rusting may be
expressed in a simple manner by the above
équations, the actual change is complicated by
several conditions of a physical kind. It must
be remembered (1) that the material on which
experiments have been made is not pure iron in
the chemical sense, nor is it absolutely homo-
geneous ; (2) that slight différences of composition
or variations of structure may introduce a différ¬
ence of electrical state ; (3) that if these dif¬
férences of electrical state are set up in iron, in
contact with an oxidising médium like water,
electrolytic action may ensue and greatly accele¬
rate the oxidising action.

These considérations render it doubtful
whether pure liomogeneous iron would be any
more subject to rust than, for example, is pure
zinc to the action of sulphuric acid. They mil
also explain the fact that when iron is sealed up
in air-free water, some action takes place, and
a small amount of ferrous hydrate is formed.
The effect of the différence of electrical state in
the oxidation of metals may be easily shown by
immersing pièces of iron and zinc in very dilute
sulphuric acid. As soon as the ends projecting
from the liquid are made to touch, the zinc
dissolves rapidly ; whilst hydrogen gas escapes
briskly from the surface of the iron. The same
thing may be shown by laying small bits of zinc
and copper foil on the surface of a piece of iron
which is kept wet. It is soon noticed that round
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the zinc, which is electro-positive to the iron,
there is an area free from rust ; whilst the
copper, which is electro-negative to the iron,
only serves to accelerate the formation of rust in
its neighbourhood.

That comparatively small différences of com¬
position are sufficient to cause such electrical
efïects, has been clearly shown by Andrews (Proc.
Inst. C.E. 77,332), who experimented withplates
of iron and steel immersed in sea water.

It is also to be remembered that rust is
electro-negative to iron, so that rust itself will
accelerate rusting.

The above considérations will serve to explain
the irregular action of rusting on one piece of
métal. The fibrous structure of a piece of
polished wrought-iron becomes apparent on
rusting, owing to these local différences of
chemical and physical character and the result-
ing galvanic effects.

The prejudicial effect, from a similar cause,
of the layer of ferroso-ferric oxide on iron and
steel plates is generally recognised, and it is
a common praetice to carefully remove this film
by ' pickling ' in aeid or a solution of sal-
ammoniac. It is on the same grounds désirable
that in iron structures the bolts, rivets, &c-,
should be as nearly as possible of the same
character as the main mass of métal.

The ' pitting ' of iron and the formation of
rust cônes is usually attributed to a similar cause.
The irregular distribution of manganèse in the

métal appears to be a fertile source of such local
action, or the adhésion of specks of other metals
may be an exciting cause. Pitting is especially
liable to occur in iron which is submerged, as in
ships' plates. This may, no doubt, be explained
as above. In such a case the rust first forms
a blister over the speck, and the action proeeeda
downwards.

The relative corrosibility of iron and steel
is a matter concerning which accurate informa¬
tion is extremely désirable in view of the ex-
tended use of the latter for many purposes for
which iron was formerly employed.

Elaborate experiments were made on the
subject by Mallet, full détails of which are to
be found in the British Association Beports for
1838, 1810, and 1843. The interest of theso
experiments is, however, diminished by their
having been undertaken before the modem steel
processes had come into use.

The relative corrosibility of wrought-iron
and steel has been much discussed in recent
years, but unanimity of opinion does notprevail.
It would appear difficult, however, to controvert
the extremely careful experiments of Andrews
(Proc. Inst. C.E. 77, 332, and ibid. 82, 281), who
has investigated the simple and galvanic cor¬
rosion of various specimens of iron and steel
when immersed in sea-water. The following
tables, extracted from the paper just cited, set
forth some of the chief results obtained by
Andrews :—

Chemical analysis of the wrought-iron, steel, and cast-iron métal plates.

Description Graphitic
carbon

Combined
carbon Silicon Sulphur Phos-

phorus
Man¬

ganèse
Iron (by

différence)
Total

Wrought iron, No. 1 .
— trace 0-206 0-024 0-454 0-396 98-920 100

„ No, 21
(Wortley best scrap) /

— none 0-392 0-034 0-270 0-194 99-110 100

Soft Bessemer steel — 0-150 0-015 0-111 0-064 0-540 99-120 100
Soft Siemens-Martin steel .

— 0-170 0-071 0-117 0-077 0-627 98-938 100
Soft cast steel — 0-46Q 0-074 0-025 0-210 0-184 99-047 100
Hard Bessemer steel .

— 0-510 0-068 0113 0-087 1-153 98-069 100
Hard Siemens-Martin steel .

— 0-720 0-080 0-102 0-143 1-239 97-716 100
Hard cast steel .

— 1-407 0-121 0-056 0-080 0-360 97-976 100
Cast métal, No. 1 1-500 2-010 0-410 0-250 0-450 0-650 94-730 100

No. 2 2-620 0-670 1-940 0-090 0-950 0-520 93-210 100

Description

Combined
carbon (sec
preceding

table)

Loss per square foot of surface, after exposure singly in sea-water

After
4 weeks

After 56 weeks
more

After 54 weeks
more

During wliole period
of 114 weeks

Wrought iron, No. 1
grains grains grains grains

trace 34-40 114-68 169-70 318-78
No. 21

(Wortley best scrap) /
none 97-99 139-27 —

Soft Bessemer steel 0-150 34-56 108-85 158-18 301-59
Soft Siemens-Martin steel . 0-170 40-00 125-83 155-00 320-83
Soft cast steel 0-460 35-76 148-65 227-74 412-15
Hard Bessemer steel . 0-510 38-96 134-92 199-68 373-56
Hard Siemens-Martin steel . 0-720 34-24 122-14 173-24 329-62
Hard cast-steel . 1-407 39-68 139-57 184-54 363-79
Cast métal, No. 1 2-010 160-62 254-25

No. 2 . . 0-670 — 182-70 172-73 —

Simple corrosion of plates.
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Plates of brightly-polished métal were im-
mersed in wooden troughs filled with sea-water.
In twenty-four hours wrought iron was covered
with bubbles ; on the Bessemer steel and soft
cast steel there were none. In four days the
bubbles disappeared, ail the speeimens corro-
ding except the puddled steel. In seven days
ail the solutions were opalescent, yellow in
colour, most markedly so in the case of soft cast
steel, least so in wrought iron and puddled steel.
After twenty-eight days the speeimens were
renewed, washed, cleaned free from rust, and
re-immersed, being taken out and cleansed at
intervais. Corrosion was found to go on at an
increasing rate, being 50 p.c. more in the second
than in the first year. As to soft steel plates,
the lower the percentage of combined carbon
the less the corrosion. The best scrap iron,
No. 2, corroded, during 110 weeks, much less
than the steel. Wrought iron, No. 1, contarn-
ing roughly double the percentage of phosphorus
and manganèse, corrodes more than best scrap
iron, but less than any of the steels, except the
soft Bessemer steel. Manganèse produced cor¬
rosion owing to its uneven distribution, thus
causing local action.

With regard to the galvanic corrosion result-
ing from the contact of iron and steel, experi-
ments were made to ascertain which of the two
metals was electro-positive in the combination.
It was found that the electrical state varied as

the corrosion went on, sometimes one of the
metals being electro-positive, sometimes the
other.

Prévention of rust.—Owing to the rapidity
with which rusting takes place, it is necessary
that iron structures exposed to atmospheric in¬
fluences, or immersedin water, should be subject
to some protective treatment. The commonest
method is to paint the structure. The composi¬
tion of the paints varies very greatly, and it is
impossible here to enter into détails. It is im¬
portant in applying the paint that the surface
of the métal should be as clean and dry as pos¬
sible, otherwise the film of paint may be broken
and a weak spot be found at which rusting would
occur. For treating certain objects, such as iron
pipes, the process introduced by Angus Smith is
largely used. In this process the tube or plate
is heated to 700°F., and tlien dipped vertically

into a mixture of coal-tar pitch, 5 or 6 p.c. of
linseed oil, and sometimes a little rosin, heated
to 300°F., allowed to remain in the mixture
several minutes, withdrawn, and allowed to dry
in a vertical position.

Another process in common use consists in
galvanising the iron. In this process the surface
of the iron is cleaned by dipping in dilute acid,
the plate being afterwards dipped into molten
zinc. The film of zinc formed serves as a pro¬
tective superficial layer.

Enamelling may be used for small articles.
The process introduced by Professor Barff, the
modification of it by Mr. Bower, and the com¬
bination of the two, known as the Bower-Barff
process, have been introduced within the last
few years, and applied with success. In the
Barff process, the iron to be protected was
treated with superheated steam, whereby the
surface was changed into magnetie oxide of iron.
This substance is highly résistant to ordinary
atmospheric influences. The writer lias found
that in the case of such hardly-used things as
retort stands the protection is very efficient.
In the Bower process, air at a high température
is used for effecting the same change on the iron.
In the Bower-Barff process the two agents are
combined. A further modification of this pro¬
cess, reeently introduced, is known as ' Gesner's
process.' In this the iron is heated in ordinary
gas retorts to a température of 1000 or 1200°F.
for twenty minutes. Superheated steam is then
passed in for thirty-five minutes, half a pint of
naphtha is then added, and then superheated
steam for fifteen minutes more.

Caustic alkalis and alkaline carbonates pre-
vent the formation of rust. This fact may be
put to praetieal use in the case of the interior
of boilers. The corrosion of boilers may also
be prevented by keeping them full of water
when not in use, or by blowing off whilst hot
(v. also Anticobrosive compositions and
Methods, and Anti-fouling compositions, vol.
i. p. 177). A. Sm.

RUSSET RUBIATE. Bubens madder v.

Pigments.
RUTHENIUM v. Platinum metals.

RUTILE v. Titanium.
RUTIN v. Glucosides.
RYE v. Cekeals.

SABADILLA v. Veratrine, art. Vegeto-
alkaloids.

SACCHARIC ACID CeHl0Os or
CO.OH(CH.OH)4COOH.

An acid obtained by the oxidation of many ear-
bohydrates ; more particulariy those which yield
dextrose on hydrolysis. Best prepared by the
action of nitric acid on starch (Sohst and Tollens
A. 245,1). Has no action on Fehling's solution,
but reduces ammoniacal solutions of gold and
silver. By continued action of nitric acid yields
tartaric and racemic acids, and ultimately oxalic
acid. On distillation it yields pyromucic and
isopyromucic acids, with évolution of carbon di-

oxide. Forms well-defined normal and acid
salts with the alkalis, the former readily and the
latter sparinglv soluble in water.

SACCHARIMETRY v. Sugar.
SACCHARIN C6H10O5. A white crystalline

substance forming large rhombic prisms of a
bitter taste obtained by gently heating solution
of invert sugar dextrose or lœvulose with lime
(for détails v. Kiliani, B. 15, 2954). The solu¬
tion is filtered, the excess of the lime is re-
moved by earbonic acid, and the clear concen-
trated liquid allowed to stand. M.p. 161-162°.
Soluble in 7-7 parts of cold water ; spécifie rota¬
tion + 93-5.
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Iso-saccharin, a substance obtained by Cuisi¬
nier by the action of lime on maltose and milk-
sugar. (For détails of préparation v. Kiliani,
B. 18, 631.) Forms large crystals much more
soluble in water than saccharin. M.p. 95°.
Dextrorotatory.

Meta-saccharin, also obtained by the action
of lime on milk-sugar. M.p. 141-142°. Botates
the plane of polarisation to the left.

saccharine. Anhydro-sulphamido-benzoic
aeùl. This substance was diseovered by Fahl-
berg in 1879 (B. 12, 469), and is the anhydro-
compound of ortho-sulphamido-benzoic aeid.
It is produced commercially by heating toluene
with ordinary coneentrated sulphuric aeid (66°Bé.)
at a température below 100°. Ortho- and para-
toluene sulphonic acids are formed, the first-
named under these conditions being présent to
the estent of about 40-50 p.c. The mixture of
acids is then treated in one or two différent
ways. The method now adopted will be de-
scribed last.

The mixture of sulphonic acids is converted
into the sodium sait, which is then treated with
phosphorus pentachloride. On a large scale this
ismodified bymixingthe sodium sait with phos¬
phores trichloride, and passing chlorine through
the mixture. For the préparation of large quan¬
tifies of phosphorus trichloride Fahlberg has
devised new apparatus in which yellow phos¬
phores is used, and a continuous supply allowed
to pass into the apparatus by means of a funnel.
The mixture of trichloride and sodium sait is
heated during the time chlorine is passed through
to a température below boiling-point of the
former, and at the end of the réaction the phos¬
phorus oxychloride produced is distilled off. On
eooling the mixture of o- and p-toluene sulpho-
chlorides, the latter crystallises out. The o-
toluene sulphochloride is acted on with dry
ammonia, or, better, is heated with ammonium
carbonate or bicarbonate. The o-toluene sul-
phamide found is scarcely soluble in water, and
is thus separated from the ammonium chloride
produced. It is then oxidised in a dilute neutral
solution with potassium permanganate. Dilute
aeid must be added from time to time to keep
the solution neutral. A solution of the potas¬
sium sait of benzoësulphaminicaeid—i.e.o-sulph-
amido-benzoic aeid—together with manganèse
hydroxide is formed, and on filtration from the
latter saccharine is precipitated by means of an
aeid. The y)-toluene sulphochloride is mixed with
charcoal and heated in autoclaves under pres¬
sure with superheated steam, yielding toluene,
hydrochloric, and sulphuric acids. The phos¬
phorus oxychloride produced is used in the pré¬
paration of chlorine by heating it with bleaching
powder and water.

The présent method, however, differs some-
what from the above, and is said to give a better
yield. The mixture of the o- and the ^-toluene
sulphonic acids is subjected to oxidation, with
the formation of about equal quantities of o- and
p-sulpho-benzoic acids. These are converted
into the potassium salts, and after having been
carefully dried are converted into the dichlorides
by means of the action of chlorine in presence
of phosphorus trichloride. The two dichlorides
show a différent behaviour towards ammonia.
That of the para- derivative is converted into a

cliamide which is only slightly soluble in water,
whereas the ortho- derivative yields the ammo¬
nium sait of o-sulphamidobenzoic aeid, which is
very easily soluble in water. Hence ai'ter the
chlorination is completed, the phosphorus oxy¬
chloride is distilled off and the calculated amount
of ammonium carbonate is added. The reaction
is commeneed by gentle heating, and is completed
preferably in an atmosphère of carbonic aeid.
The insoluble ^(-diamide is filtered off, and the
filtrate, on decomposing with an aeid, yields
saccharine.

The successive opérations can be represented
as follows :

(I.) CeH5CH3 (II.) C6H4<^h g
Toluene o-Toluene sulphonic aeid

(III.) C6H4<™£ g
0-Sulpliobenzoic aeid

(iv.) c.h4<°°® g
o-Sulpliobenzoic aeid dichloride

y C H /COsH (1)v- ^iVsCXNH, (2)
0-SuIphami<lobenzoie aeid

(VI.) C6H4<°° >NH.
Saccharine

Saccharine is a white crystalline solid possess-
ing an intensely sweet taste, and is said to be
280 times sweeter than cane-sugar. It melts at
224°, and is sparingly soluble in water but more
so in alcohol. On neutralisation with sodic
hydrate or carbonate the sodium sait of saccha¬
rine which crystallises in large rhombic plates is
obtained. Its constitution is

c H4<°°J>N.Na + 2H20
It loses its water of crystallisation at 80°, more
quickly when heated to 150°. Like saccharine,
it has an intensely sweet taste. On heating the
dry sait with ethyl iodide in sealed tubes to 230
the ethyl ether of saccharine is obtained, sodium
iodide separating out. The ether melts at 94°,
is more soluble in hot than in cold water,
and is very easily soluble in alcohol and ether.
Unlike saccharine and its salts, it is absolutely
tasteless. Saccharine, on heating with hydro¬
chloric aeid, décomposés into o-sulphobenzoic aeid
and ammonia, or rather ammonium chloride.
Similarly, the ether splits upinto o-sulphobenzoie
aeid and ethylamine, according to the following
équation : C,,H9S03N + 2H„0 = C7HBS05 + C,H7jS!.
This décomposition proves that the constitu-
tional formula of saccharine is

C8H4<gQ >NH and not C6H4<C(°
since an ether having the composition

CA<gC«>N
would have yielded alcohol and o-sulphobenzoic
aeid.

The ethyl ether of saccharine is not acted on
by aqueous potash, but alcoholic potash forms
the dipotassium sait of o-ethylamidosulpho-
benzoïc aeid, having the composition

P TT /CO.JC
^6^4^SO2NE02H5
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and this on décomposition yields o-ethylamido-
sulphobenzoic acid

„ TT /COJI
u«±1'ASO2nhc2H;

This substance erystallises in needles, is tolerably
soluble in water, and very soluble in alcohol and
ether. It lias no sharply defined melting-point,
but commences to fuse at 102°, and is eom-

pletely liquid at 116°.
The isomeric compound—i.e. the ethyl ether

of o-sulphamido-benzoic acid—is obtained by
passing hydrochloric acid through absolute
alcohol containing saccharine, or by heating
o-sulphamido-benzoic acid with ethyl iodide and
sodium ethylate with an inverted condenser. Its
constitution is

<-t tt /C02Cja5
^'XSO.NH,, •

It melts at 83°, is slightly soluble in cold and
very soluble in boiling water, alcohol, and ether,
and erystallises in long white needles. If simply
suspended in water and the équivalent amount
of sodium hydrate is added, the solution reacts
neutral and tastes sweet ; in fact, saccharine is
formed, which may be precipitated by adding an
acid. Acids also décomposé the ether, and even
on boiling with water it is slowly converted into
alcohol and saccharine (Falilberg and List, B.
20,1603; cf. Witting, Chem. Zeit. 11,314).

Détection.—The tests for Fahlberg's saccha¬
rine (orthosulphamine-benzoic acid) depending
on the formation of ammonia or the alkaline
sulphides, are scarcely of suffîcient delicacy or
convenience for the détection of minute quanti¬
tés—as, for instance, in wine. The following,
based on the formation of salicylic acid during
the fusion of saccharine with alkalis, is recom-
mended where salicylic acid is not already pré¬
sent in quantifies sufficient to impair the deli¬
cacy of the reaction. The wine is rendered
strongly acid, and 100 c.c. are shaken three times
successively with 50 c.c. of a mixture of equal
volumes of ether and light petroleum. The
united extracts are evaporated after the addition
of some caustic soda, and the residue is heated
at 250° for half-an-hour with 0'5 or 1 grm. of
solid caustic soda. The fused mass is dissolved
in water, and the salicylic acid separated and
detected in the usual manner. In this manner

0'005 p.c. of saccharine, or even less, may be
detected. The mixture of equal volumes of
ether and light petroleum, an excellent solvent
for saccharine, does not dissolve tannin and such
like substances, which also form salicylic acid
when fused with alkalis, and would interfère
with the test if they were extracted. Potash
cannot be used for the fusion in place of soda
(C. Sehmitt, Bep. Anal. Chem. 7,437-441 ; S. C. I.
[6], 681).

If the substance is dissolved in strong (25-30
p.c.) caustic potash solution, and bromine
added drop by drop until a permanent yellow
colouration is obtained, a yellow pasty precipi-
tate separates after a certain time, depending
upon the concentration of the solution. This
precipitate is crystalline. Heated on platinum
foil it froths up, without melting, in a vermi-
cular form and burns, leaving a voluminous
residue containing potash. If water is added
and heated, bromine is evolved and the residue
dissolves slowly. On cooling, yellow crystals

separate, havingpointedends. Another property
of saccharine is the formation of a substance
similar to fluorescein on heating with resorcinol.
The saccharine is heated with a slight excess
of resorcinol, and a few drops of concentrated
H,SO., until it begins to swell up. The fiame
is then removed until the reaction slackens,
when the heating is repeated. On diluting
with water and adding potash, a strongly greeu
fluorescent solution is obtained. The saccharine
is extracted from the substance to be analysed
with ether after acidifying with sulphuric or
phosphoric acid (supposing the saccharine to be
présent as potassium sait in solution) and the
ether distilled off (E. Bôrnstein,Er. 27,165-168;
S. C. I. [7] 458).

If saccharine be evaporated with nitric acid
on the water-bath, the residue allowed to cool,
and a few drops of a strong solution of potash
in 50 p.c. alcohol added, a faint yellow colour is
developed ; on spreading the liquid over the sur¬
face of the dish, and then applying heat rapidly,
streaks of blue, violet, and red are developed
(S. C. I. 1888, 772).

SACCHARINIC ACID CaH1206. An unstable
acid obtained as the calcium sait by beiling solu¬
tions of saecharin with freshly precipitatedchalk
(Scheibler, B. 13, 2212; Kiliani, A. 218, 373;
Liebermann and Scheibler, B. 16, 1821 ; Her-
mann and Tollens, B. 17,1333). Iso- and meta-
saccharinic acids are formed as calcium salts
by the action of lime on milk-sugar.

SACCHARONE CcHsO„.HX>. A body ob¬
tained by the action of nitric acid on saecharin.

SACCHAROSES v. Sogae.
SACRED BARK v. Cascaka sagkada.
SAEFLOWER (bastard saffron). This dye-

stuff consista of the dried florets of Carthamus
tinctorius, an annual thistle-like plant belonging
to the Cynaroceplialœ. A native of Southern
Asia, it has been cultivated in China, India,
Persia, Egypt, also in central and southern
Europe. When in full bloom the yellow florets
are plucked, and either at once dried, so as to
form an orange-coloured librous mass somewhat
resembling saffron, or they are first kneaded
with water, in order to remove a useless yellow
colouring matter, and then pressed into the form
of lens-shaped cakes and dried.

Safïlower owes its value to an insoluble red
colouring matter which oceurs only in very
small amount, about 05 p.c., whereas the soluble
yellow colouring matter is présent to the extent
of about 30 p.c.

The yellow colouring matter may be obtained
by first preeipitating an aqueous extract of saf-
flower with lead acetate and acetic acid, and then
adding ammonia to the filtrate, i.e. preeipitating
with basic lead acetate. The yellow precipitate
thus obtained is carefully decomposed with
dilute sulphuric acid, and after removing the
lead sulphate the filtrate is evaporated to.dry-
ness with exclusion of air. It is thus obtained
as an amorphous substance, having acid pro-
perties, a bitter taste, and a peculiar odour. It
is of a very unstable character, and on exposure
to air seems to oxidise, becoming brown and
somewhat insoluble in water. According to
Schlieper, its composition is represented by the
formula C1BH20O,„ ; according to Malin, it is
c2,h30o15.
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Cartliamin or carthamic acid is the name

given to the useful red oolouring matter, which,
though insoluble in water, is readily soluble in
alkaline solutions. To obtain it, safflower is
well washed with slightly acidulated water to
remove the yellow colouring matter, then it is
ateeped for some time in a cold dilute solution
of sodium carbonate. If to the alkaline solu¬
tion thus obtained an acid were added, the car-
thamin would be precipitated, along with certain
impurities which it would be difficult afterwards
to remove. Their séparation is, however, effected
in a simple manner by making use of the fact
that carthamin is readily attracted and removed
from its acidulated solution by cellulose, whereas
the impurities are left behind. Hence bleached
cotton is immersed and moved about in the
alkaline solution, which. is at the same time
gradually acidified with tartaric or citric acid.

In this manner the carthamin is slowly pre¬
cipitated and at once attracted by the cotton,
which thus becomes dyed red. After washing
the dyed cotton with slightly acidulated water,
the colouring matter is dissolved ofl by means
ot a dilute solution of sodium carbonate, from
which the carthamin is thrown down, on the
addition of tartaric acid, as a bright-red preci-
pitate. Further purification is effected by dis-
solving the dried precipitate in alcohol and re-
preeipitating with water.

Carthamin is a bright-red amorphous powder
insoluble in ether, very sparingly soluble in water,
but soluble in alcohol. In a dry compressed
condition it exhibits a yellowish-green metallie
lustre. Boiled with water or alcohol, or on long
exposure to air, it undergoes décomposition. In
alkalis it dissolves with the formation of yellow-
coloured alkaline carthamates, from the solu¬
tions of which it is precipitated by acids. By
fusion with caustic potash it yields oxalic acid
and para-oxybenzoic acid. With concentrated
sulphuric acid it gives a red solution not precipi¬
tated by addition of water. An alkaline solution
of carthamin added to metallie sait solutions
gives orange-, yellow-, or brotvn-coloured lakes.

Carthamin is now sold in a more or less pure
condition as a thin aqueous paste in stoneware
bottles, under the name of Safflower extract or
Safflower carminé.

The formula of carthamin is given variously
as C,4HI6Ou (Schlieper) and (Dumas,
A. 27, 147).

Previous to the discovery of the coal-tar
eosins safflower was frequently used for the pro¬
duction of brilliant pinks or reds, chiefly on
cotton and silk. Even now it is still occasionally
employed by the dyer of cotton or flax thread,
tape, string, &c., notwithstanding the extremely
fugitive character of tbe colour towards light,
because of its brilliancy and the facility of its
application.

The mode of dyeing is practically the same
as that already given in describing the process
of obtaining carthamin. The safflower, inclosed
in bags, is well washed with cold water, prefer-
ably slightly acidulated, in order to remove the
yellow oolouring matter, and the red colouring
matter is then extracted by a treatment with a
cold dilute solution of sodium carbonate. In
this solution the material to be dyed is worked
about, at the same time adding ' lime juice '

(citric acid) gradually till in sliglit excess. Saf-
flower-extract is applied in a similar manner.

Dyers usually give the washed safflower
several successive treatments with alkali, em-

ploying at first weak and afterwards strong
alkaline solutions. The weak solutions give the
brigktest and purest tints ; hence very delicate
colours are dyed with these alone, while full
colours are first dyed with the inferior extracts,
and then 'topped' or 'bloomed' by dyeing in the
purer solutions.

Carthamin ground up with starch, talc, &c.,
is used as rouge.

Literature.—Dumas, A. 27, 147 ; Lieber-
mann, B. 7, 247 ; 8, 1,649 ; Dobereiner, Journ.
Ch. Phys. 26, 266 ; Schlieper, A. 58, 357 ;
Salvetat, Ann. Ch. Pliys. [3] 25, 337 ; J. pr. 44,
475; Malin, Sitz. AV., June 29, 1865; Dufour,
A. Ch. 48, 283. J. J. H.

SAFFRANINES v. Azines and colouring

mattehs dekived from them.

SAFFRANISOL v. Azines.
SAFFRON BRONZE v. Tungsten.
SAFFRON SURROGATE v. Victoria yel¬

low.

SAFFRON YELLOW v. Naphthalene.
SAFROSINE v. Phthaleïns, art. Tkiphenyl-

methane colouring matters.
SAGAPERBM v. Guii resins.

SAGE CAMPHOR v. Cahphors.
SAGE OIE v. Oils, essential.
SAGO. A granulated or powdered form of

starch obtained from the pith of the trunk of
Sagtis Icevis and S. Rumphii in Singapore, the
former variety furnishing most of the sago sent
to Europe. In India it is obtained from Phamix
farinifera; and in Java from Gorypha gebanga;
it is also prodneed by Caryota urens and several
other palms and Gycadaceœ.

The pith, being removed from the bark which
contains it, is reduced to powder ; and after
being mixed with water is strained through
sieves, the starch falling through with the liquor
and the eellular tissue being retained. The
farina thus carried through the sieve and de-
posited in pans is further washed and dried,
when it is fit for exportation.

Under the microscope, sago starch exhibits
granules of elongated form and considérable
size ; one end of the granules being larger and
rounded, the other smaller and truncate.

Granulated sago is a préparation from sago
meal made by mixing the meal with water and
passing the mixture through a sieve, the
granules being caught in a heated vessel, so that
they are slightly baked. By this process the
starch cells are made to assume a much larger
and less regular form than that of raw sago,
effects which are due to the heat employed.

Portland sago is a kind of arrowroot, nianu-
factured from tlïe connus of Arummaculatum in
the island of Portland.

SAINT IGNATIUS'S BEAN v. Nux vomica.

SAKE. A very popular drink in Japan. It
is prepared from rioe by fermentation, the
manufacture being carried on from September
to February only, as in the summer the fermen¬
tation cannot be properly eontrolled. It is a
pleasant, light-yellow liquid, smelling of alcohol,
its spécifié gravity is about 0'99, and it contains
on an average 15 p.c. of alcohol.
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The manufacture takes place in three stages :
1. Préparation of koji.—The finest rice is

boiled in an iron kettle with sufficient water to
soften it ; after cooling, it is brought into the
koji chamber, the outside walls of which are
covered with earth and the interior with straw,
by which means the température of the interior
is kept up.

The rice is here mixed with a little moyaschi
(a yeast obtained from a previous fermentation)
and remains in the chamber for two days, by
which time most of the starch of the rice is
converted into dextrose, and it is then called
koji.

2. Préparation of motoh.— Koji, fresh-
boiled rice, and water are mixed in a wooden
vat in the proportion to form a thin paste.
Wooden casks containing warm water are
placed in this liquid every day ; after one or
two days a frothy fermentation takes place,
which is allowed to continue 30-40 days, during
which time the température rises to 37°C. ; at
the end of the period the liquid donta.ins 10 p.c.
of aleohol, and is called motoh.

3. The third stage.—Freshly boiled rice, koji,
and motoh are mixed with a little water. The
mixture ferments a little, but without appréci¬
able rise in température. As soon as the froth,
ceases to form on the surface, i.e. in 8-10 days,
the process is finished. The fermented fluid is
filtered through cotton bags and put into casks,
and allowed to stand till clear. It is heafced
in an iron vessel to 44°C., and is then run into
casks.

The residue remaining in the cotton sacks
has been used from time immémorial in Japan
for the manufacture of vinegar (M. Ikuta, Z. 14,
439 ; S. C. I. 9, 754).

SAL ACET0SELL7E. Acicl potassium oxalate
v. Oxalic acid.

SALAERATUS. A term applied in the United
States to a baking powder consisting of a mix¬
ture of carbonate of soda, sait, and cream of
tartar or tartaric acid.

SAL ALKALI MINERALE. Sodium car¬

bonate.
SAL ALKALI VEGETABILE. Potassium

carbonate.
SAL ALKALI VOLATILE SICCIIM or SAL

VOLATILE. Ammonium sesquicarbonate.
SAL AMAK.UM. Magnésium sulphate.
SAL AMMONIAC. Ammonium chloride.
SAL APERITIVUM FRIEDERICIANUM.

Sodium sulphate.
SAL AURI PHILOSOPHICUM. Acid po¬

tassium sulphate.
SAL CATHARTICUM. Magnesùim sulphate.
SAL CORNU CERVI. Ammonium carbon¬

ate.
SAL DE DUOBUS or SAL DUPLICATUM.

Normal potassium sulphate.
SAL DIGESTIVUM SYLVII or SAL FEBRI-

FUGUM SYLVII. Potassium chloride.
SAL FUSIBILE. Sodium ammonium phos¬

phate.
SAL MARINE. Common sait or Sodium

chloride.
SAL MARTIS. Green vitriol or Fcrrous

sulphate.
SAL MICR0C0SMICUM. Sodium ammonium

phosphate.

SAL MIRABILE. Sodium sulphate.
SAL MIRABILE PERLATUM. Disodium

orthophosphate.
SAL NARCOTICUM VITRIOLI. Boric acid.
SAL NATIVUM. Sodium ammonium phos¬

phate.
SAL POLYCHRESTUM GLASERI, S.

LAMERIANUM, S. PARISIENSE. Normal
potassium sulphate.

SAL POLYCHRESTUM SEIGNETTI. Ro¬
chelle sait ; Sodium potassium tartrate.

SAL PRUNELLA. Fused nitre cast into
sticks or balls.

SAL SATURNI. Lead acetate.
SAL SECRETUM GLAUBERI. Ammonium

sulphate.
SAL SEDATIVUM HOMBERGII. Boric

acid.
SAL SUCCINI. Amber.
SAL TARTARI. Potassium carbonate.
SALENIXON. Crude potassium sulphate, as

obtained in the manufacture of nitric acid.
SALEP GUM v. Gums.
SALICIN v. Glucosides.
SALICYLALDEHYDE C„H,(OII)CHO (1,2).

Occurs in the oil from Spirœa ulmaria and
otlier species of Spirœa. Obtained, along with
the isomeric parahydroxybenzaldehyde, by the
action of chloroform on an alkaline solution of
phénol (Tiemann and Reimer, B. 9, 824 ; Tie-
mann and Herzfeld, B. 10, 63 and 213) :

C0H5.OH + CHCL, + 4NaOH
= CeH,,(ONa)CHO + 3NaCl + 3H..O.

One part by weight of phénol, with 2 parts of
caustic soda, is dissolved in at least 4 parts of
water ; the solution is heated to 50-60° in a
flask fitted with a reflux condenser, and 2 parts
of chloroform are gradually added, shaking con-
tinually. The colour of the liquid changes from
yellow to deep red. The reaction is completed
by boiling the mixture for half an hour, after
which the excess of chloroform is distilled off.
The liquid is then acidified with sulphuric acid
and steam-distilled, when salicylaldehyde passes
over, along with unchanged phénol. The liquid
remaining in the retort is filtered hot ; on cool¬
ing, it deposits crystals of parahydroxybenzal¬
dehyde. The salicylaldehyde is separated from
the phénol by shaking an ethereal solution of
the two substances with hydrogen sodium sul-
phite, with which the salicylaldehyde forms a
crystalline compound ; this is separated, and
decomposed by treatment with sodium carbon¬
ate or dilute sulphuric acid, when the aldehyde
is liberated.

Salicylaldehyde is also formed when salicin
C13H]sO, is oxidised with a mixture of potassium
bichromate and dilute sulphuric acid (Schiff,
A. 150,493).

Liquid, with a pleasant aromatic odour.
Solidifies at — 20° in large crystals, and boils at
196-5°. Sp.gr. 1-1731 at 13-5°. Somewhat so-
luble in water, miscible in ail proportions with
aleohol and ether ; the aqueous solution gives a
strong violet colouration with ferrie chloride. By
réduction it yields saligenin C^H^OHJCELOH ;
on oxidation, salicylic acid. When boiled with
acetic anhydride and anhydrous sodium acetate
it forms coumarin (q. v.). Forms salts with
bases : thus C^H^OiqCHO andC^ONaJCHO;
the alkali salts are not decomposed by carbon
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dioxide. By warming together salicylaldehyde,
phénol, glacial acetic acid, and concentrated
sulphuric acid, Liebermann (B. 9, 801 ; 11,
1436) obtained hydroxy-aurin CioHhO,, a violet-
red colouring matter. Zulkowsky found, among
the products of the same reaction, an orange
colouring matter which he termed aurone, as-
signing to it the formula C2sH20O6.

The isomeric parahydroxybenzaldehyde
C,H,(OH)CHO (1, 4), obtained as described in
the foregoing, crystallises from water in needles
melting at 115-116°. The solution gives a very
laint violet tinge with ferrie chloride.

B. R. J.
SALICYLIC ACID v. Hydroxy- acids.

Détection of salicylic acid in beer.—To 50
c.c. of beer in a séparation funnel are added
5 c.c. of alcohol (to promote séparation of the
estracting liquid), 5 e.c. of sulphuric acid (1 in
10), and 50 c.c. of a mixture of equal volumes
of ether and petroleum spirit, and the whole is
thoroughly shaken. The ethereal extract is dis-
tilled to a small bulk, and the residue is shaken
op with a few centimètres of water and a few
drops of a weak ferrie chloride solution. In
presence of salicylic acid, the aqueous layer
sssumes a splendid violet colouration (J. Pinette,
Chem. Zeit. 14, 1570-1571 ; S. C. I. 10, 165.

SALICYLIC YELLOW, SALICYLIC ORANGE.
The préparation of these colouring matters from
sulphosalicylie acid by nitration and bromina-
tion lias been patentée! by the Chemische Fabrik
auf Actien. (vorm. E. Schering) (Germ. Pat.
15,117, Dec. 10, 1880 ; 15,889, March 18, 1881 ;
hoth expired April 1883). The former is said to
dye wool and silk yellow, the latter dark golden
yellow or orange.

SALOL. A combination of about 60 p.c. of
salicylic acid and 40 p.c. of phénol, first intro-
duced by Von Nencki, of Berne, as an anti-
pyretic, and patented in Germany and the
United States. It is a white crystalline powder,
having the smell and taste of winter-green. In¬
soluble in water and dilute acids, but soluble in
alcohol and alkalis. Melts at 45°. Appears to
be excreted as urate of salicyl and sulpho-phenol.
Used in medicine as a substitute for sodium
salicylate (v. J. Moss, Year-Book of Pharmacy,
1886, 526). The alcoholic solution is coloured
red-brown by ferrie chloride. According to
Sabli, it acts at least as powerfully as sodium
salicylate, and it is also recommended as an
antipyretio and antiseptic (E. Ghillany, Zeit.
Oesterr. Apoth. Ver. 24,229 ; S. C. I. 5, 501).
F. Disineectants ; also Hydroxy- acids.

SALSEPARIN v. Sarsaparilla.
' SALT, COMMON, v. Sodium chloride, art.

Sodium.
SALT, EPSOM. Crystallised magnésium

sulphate.
SALT, FUSIBLE. Sodium ammonium phos¬

phate.
SALT, GLAUBER'S. Sodium sulphate.
SALT, GLAZIER'S. Potassium sulphate.
SALT, MICROCOSMIC. Sodium ammonium

phosphate.
SALT OF AMBER. Succinic acid.
SALT OF LEMERY. Potassium sulphate.
SALT OF LEMONS v. Oxalic acid.

SALT OF SATURN. Lead acetate.
SALT OF SODA. Sodium carbonate.

SALT OF SORREL v. Oxalic acid.

SALT OF TARTAR. Potassium carbonate.
SALT OF TIN. Stannous chloride.
SALT OF VITRIOL. Zinc sulphate.
SALT PERLATE. Sodiumphosphate.
SALTPETRE. Nitre; potassium nitrate.
SALT SEDATIVE. Boric acid.
SALVIOL v. Camphors.
SALZBURG VITRIOL v. Copper sulphate.
SAMARIUM v. Cerium metals.

SAMARSKITE v. Ceriusi sietals.
SAND. (Sable, Fr.) An accumulation of

grains of minerai matter resulting from the dis-
integration of rocks. It is generally siliceous,
since quartz is the most abundant rock-eon-
stituent, and by its hardness survives after the
associated minerais have disappeared. The
microscopic studies of Sorby, Phillips, and
others have shown that in some sands a growth
of crystalline quartz surrounds the original
water-worn grains, the secondary deposit and
the nucleus being in optical continuity (Quart.
Journ. Geol. Soc. 36, 1880, 46 ; 37, 1881, 21).
In sands derived from granitic rocks and crystal¬
line schists, the quartz is often associated with
grains of felspar and scales of mica ; and A.
Dick has pointed out the occurrence in such
sands of zircon, rutile, and tourmaline (Nat. 36,
1887, 61). Many sands are coloured yellow or
brown by ferrie hydrate, while others are
speckled with dark-green grains of glauconite.
' Black sand ' usually contains magnetite, ilmen-
ite, or cassiterite ; the titaniferous iron-sand of
Taranaki, in New Zealand, and that of the
coast of Labrador, have been used as ores.
' Gem sands ' vary in nature according to the
character of the rocks which yielded them, but
frequently contain garnets, spinels, and zircons.
' Volcanic sand ' is composed of finely-divided
lava.

Most sands have been deposited as sédiments
in water, either fresh or sait ; but there are also
accumulations of wind-drifted materials, known
as JËolian sands, occurring as dunes along the
coast or in the interior of deserts. The grains
of desert sand are usually much more rounded
than those of water-borne sand. Blown sand
exerts considérable abrasive power, wearing any
isolated rocks into characteristic forms : the
débris eaught by the wind scours the surface,
but, not rising high, its action is mainly di-
rectèd to undercutting the rock, thus tending to
produce a tapering base and mushroom-like
shape (J. Walther, Die Denudation in derWiiste,
Leipzig, 1891). The eroding action of blown
sand is taken advantage of in the sand blast,
introduced by Mr. Tilghman. By this process,
glass and stone may be rapidly engraved or eut
by the action of a jet of sand projected with great
velocity by means of steam or compressed air.

Siliceous sand, as free as possible from iron,
is valued in the manufacture of glass. Good
glass-making sand is dug at Alum Bay, in the
Isle of Wight; at Lynn, in Norfolk; and near
Beigate, in Surrey ; and is largely imported from
Fontainebleau, in France. Excellent sand occurs
at Gweedore, in county Donegal. Sand is also
used in the préparation of rnortar, for which
purpose it should be sharp and clean.

Sand is largely used as a moulding material
for foundry work. The best moulding sand is
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argillaceous, containing in some cases as much
as 6 p.c. of clay. Where a strong adhesive
material is required, as for cores in casting, a
clayey sand is especially needful. The foundry
sand, or loam, is usually preparedby sifting, and
may often be advantageously mixed with coke
dust. Facing sand should be eoated with car-
bonaceous matter, such as powdered eharcoal or
graphite.

It is a curious fact that many sands émit a
musical sound when in motion. Jebel Nagous,
or ' Mountain of the Bell,' on the Gulf of Suez,
is so named in conséquence of its acoustic
phenomena. The sonorous sand of Eigg has
long been known. Musical sand has been found
in Studland Bay and elsewhere by Mr. Carus-
Wilson. He regards the sound as due to the
friction of innumerable grains of perfectly clean
sand, free from angularity and of uniform size;
and he has produced notes from sand otherwise
non-musical (C. N. 64, 1891, 25 ; Nat. 44, 822).
H. Carrington Bolton and A. A. Julien have
studied the sonorous sands of various parts of
America, and the 1 barking sands ' of the Sand¬
wich Islands ; the latter are calcareous sands
(Proc. Am. Ass. Adv. Se. 38, 1889). The grains
of such sands are much rounded, and are ex-
ceptionally free from solid adhèrent matter;
but it appears essential that they should be
separated by a film of vapour. If the vapour, or
cushion of air between the grains, be removed
by heating, rubbing, or shaking them, the sand
becomes mute.

Fulgurites, or ' lightning tubes,' are occasion-
ally formed when lightning strikes a sandy soil,
the walls of the tubes becoming vitrified by the
heat. F. W. R.

SANDAL, SANDEL, or SANTAL WOOD v.
Saneekswood.

SANDALWOOD CAMPHOR v. Cahphoks.
SANDARAC v. Resins.
SANDARACIN v. REsrNS.
SANDERS W 00D (Red Saunderswood, Santal-

wood, Sandelwood). This dyestuff is classed
along with Barwood, Camwvod, and Caliatour
or Cariatour-wood, since they ail possess very
similar dyeing properties, and, owing to the in-
solubility in water of the resinous colouring
matters they contain, they are called the inso¬
luble red woods. They cannot, therefore, be
made to yield commercial extracts like the
' soluble red woods,' Brazihvood and its allies.

Santalwood is the product of Ptcrocarpus
santalinus, a papilionaceous tree growing in
tropical Asia. It is imported from the East
Indies, Ceylon, the coasts of Coromandel and
Malabar, Golconda, Timor, Madagascar, &c. It
occurs in commerce in the form of hard, heavy
billets of a dull-red colour. In the state of
powder it gives off a faint aromatie odour like
that of orris root, speeially noticeable when it is
heated, or boiled with water. It yields to alcohol
about 16 p.c. of colouring-matter (Pelletier), in¬
soluble in cold water, sparingly soluble even in
boiling water, but very soluble in alcohol, ether,
acetic acid, and the eaustic alkalis.

Barwood is the wood of a fine large tree
Baphianitida, andis imported from the west coast
of Âfrica, e.g. Sierra Leone, Angola, &c. In the
log its physical properties are generally similar
to those of santalwood ; in the rasped condition

it has a somewhat brighter red colour, and it is
devoid of aromatie odour. Boiling water extracts
about 7 p.c. colouring matter, alcohol about 23
p.c., and hydrated ether about 19 p.c. (Girardin
and Preisser). In caustic alkalis the colouring
matter is readily soluble, with a reddish-purple
colour, and is precipitated therefrom on addition
of acids. Acetic acid gives a dark-brown coloured
extract.

Gamwood, stated by some to be derived from
a variety of Baphia nitida, is a dyewood similar
in général properties to those already mentioned,
but somewhat more expensive and yielding
deeper shades in dyeing. Its colouring matter
seems to be présent in larger amount, or it is more
soluble than in the other woods. It is imported
from the west coast of Africa, the Gaboon and
Congo rivers, &c.

Caliatour-wood seems to be a somewhat more

expensive variety of sanderswood, and possesses
a similar aromatie odour. It is imported from
the East Indies, and goes chietiy to the Conti¬
nent.

The cliemistry of these dyewoods is unsatis-
factory, being ineompletely studied, but from our
présent knowledge concerning their application
in dyeing, the useful colouring principles they
contain are evidently very closely related to each
other, and perehance identical.

Sandel-red is the name given to the red
resinous colouring principle first obtained by
Pelletier on the evaporation of an alcoholie
extract of sanderswood.

Santalic acid or santalin, obtained by Meier,
is probably a purer form of ' sandel-red.' It is
prepared by extracting sanderswood with ether,
and evaporating the solution to crystallisation.
The impure product thus obtained is washed
with water, dissolved in alcohol, and precipitated
with an alcoholie solution of lead acetate. The
precipitate is weil washed with boiling alcohol,
then suspended in alcohol, and decomposed by
dilute sulphuric acid ; the filtrate from the lead
sulphate is then evaporated to crystallisation.
Thus obtained, santalin forms minute red crystals
(m.p. 104°C.), insoluble in water, but very so¬
luble in alcohol with a blood-red colour ; soluble
also in ether with a yellow colour, which becomes
red on exposure to air. It dissolves readily in
acetic acid, also in concentrated sulphuric acid
with a dark-red colour. In caustic alkalis it
dissolves readily with a purple colour. The
formula assigned to santalic acid are ClsHlt05
(Weyermann and Hiilïely), and G)uHls03 (Pelle¬
tier).

Santalic oxide is a substance extracted by
Meier along with the santalic acid by means of
alcohol. By extraction with water he obtained
other bodies, which were named santalide, san-
taloïde, sanlalidide, and santalo'idide. Ail these
are amorphous resinous substances whose exis¬
tence as distinct chemical individuals is very
doubtful.

Bqlley prepared the colouring matter of
sanderswood by exhausting it with alcohol and
precipitating the concentrated solution by addi¬
tion of water ; also by extracting the wood with
dilute caustic alkali, precipitating with acid, dis-
solving the precipitate in alcohol, and precipi¬
tating the solution with water. From analyses
of several samples of colouring matter prepared
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according to these two methods, Bolley con-
cluded that the colouring matter exists in two
states of oxidation, according as it is obtained
from young and pale-coloured wood, or such as is
old and dark coloured ; prepared from the latterhe
found it to contain more oxygen and less hydro-
gen. He noted further that alkaline solutions of
the colouring matter become darker coloured on
exposure to air, evidently because oxygen is ab-
sorbed. Other observers have remarked that
the freshly-cut young branches of sanderswood
exhibit in their interior a yellow colour, which
only becomes red on exposure of the sections to
the atmosphère.

Wimmer states that santalin is accompanied
by a brown-coloured bitter prineiple soluble in
boiling water, also a brown resinous colouring
matter, santalidine, more soluble in the various
solvents than santalin, of which it appears to
be an oxidation product.

Santal (probably a still purer form of Meier's
santalin) was obtained by Weidel by extracting
sanderswood with dilute caustic alkali,1 and
neutralising the filtered solution with hydro-
ehlorie acid. The voluminous brick-red preei-
pitate thus obtained was washed, dried, and ex-
tracted with ether. The dark-red ethereal solu¬
tion was concentrated, mixed with alcohol, and
then allowed to evaporate spontaneously, when
almost colourless crystals of santal separated.
These were purifled by washing with a little
alcohol and recrystallising. This method yielded
about lf grms. santal per pound of wood.
Santal crystallises from hot alcohol as colourless,
lustrous, iridescent, quadrangular plates, having
the formula 2C8H803 + 3H„0. It is insoluble in
hot water, earbon disulphide, benzene, and
chloroform, and only slightly soluble in alcohol
and ether. It dissolves somewhat sparingly in
ammonia, but very readily in dilute caustic
potash and soda, with a pale-yellow colour which
very rapidly becomes red on exposure to air.
Fnrther oxidation changes the colour to green,
and finally to a dirty brown. Addition of calcium
chloride to a pale-yellow alkaline solution préci¬
pitâtes the santal in an almost colourless condi¬
tion, but it quickly becomes coloured. Its alco-
holic solution assumes a red colour on addition
of ferrie chloride. In concentrated sulphuric
acid santal dissolves with a lemon-yellow colour,
whicla is changed to brown by the addition of
manganèse dioxide. Nitric acid gives an olive-
coloured solution, from which water précipitâtes
yellow flocks. With bromine santal yields a
granular crystalline product slightly soluble in
alcohol. When santal is fused with caustic
potash till the melt no longer dissolves in water
with a red colour, it yields protocatechuie acid.
Weidel considers santal to be isomeric with, and
probably closely related to, piperonal.

Santalin (CuH1204) was obtained in small
quantity by Weidel, by the further and long-con-
tinued extraction with etherof the brick-red résin¬
ons precipitate, sandelwood resin, thrown down
by acid from the above-mentionedalkaline extract
of the wood. On evaporating the ethereal solu¬
tion it was deposited as a red crystalline powder,
having a green metallic lustre. It is insoluble
in boiling water, very slightly soluble in ether
and even in hot alcohol ; in the latter with a red
colour. In ammonia and the caustic alkalis it

dissolves with a reddish-purple colour, from
which calcium chloride précipitâtes a purple
precipitate. In concentrated sulphuric acid it
dissolves with an orange colour.

Weidel's santalin seems to be a purer form
of the resinous colouring matters analysed by
Bolley, Weyermann, and Haffely, and is probably
produced during the oxidation of santal in alka¬
line solution. The dark-red of an alkaline solu¬
tion of sandelwood resin is changed to a straw-
yellow colour by boiling with sodium amalgam ;
the réduction product has, however, not been
isolated in the pure state because of its sensitive-
ness to oxidation, whereby it partially becomes
resinous again. Sandelwood resin when heated
with zinc-dust yields a small quantity of an oily
distillate in which no anthracene can be de-
tected. Fused with caustic alkali, it yields pyro-
catechol and resorcinol. Judging from its slight
solubility in alcohol and its characteristie green
metallic lustre, Weidel's santalin does not appear
to be identical with the santalin or santalic acid
of Meier.

Franehimont and Sicherer, by adopting a
method similar to Meier's, but extracting in the
first instance with alcohol instead of ether, boil¬
ing the product eventually obtained with hydro-
chloric acid, and crystallising from diluted
alcohol, obtained from sanderswood, and more
abundantly from caliatour-wood, an amorphous
colouring matter CjjHjjOg (m.p. 104°-105°), ap-
parently identical with santalic acid. It is
readily soluble in alcohol, acetic acid, caustic
and carbonated alkalis, sparingly soluble in ether,
and insoluble in chloroform and carbon disul¬
phide. Fused with caustic potash it yields acetic
acid, resorcinol, and probably also protocatechuie
acid and pyrocatechol, together with a minute
quantity of a volatile product smelling like rose-
wood.

Heated to 180°C. with concentrated hydro-
chloric acid, it yields methyl chloride ; alcohol
dissolves from the residue in the tube a sub¬
stance C8H1005, and leaves behind a lustrous
black mass soluble in caustic alkalis ; ether with-
draws from the hydrochloric acid solution a sub¬
stance crystallising in colourless needles. The
same substance is obtained by diluting the hydro¬
chloric acid with water and distilling. The dis¬
tillate gives with bromine water a precipitate of
lustrous needles ; m.p. 81°C

When the original colouring matter is boiled
with dilute nitric acid it yields oxalic acid and
a yellow bitter substance, probably picric or
styphnic acid. By oxidation in alkaline solution
with potassium permanganate it yields a crys¬
talline substance having a strong odour of
vanillin, also oxalic and acetic acids.

Anderson extracted ground barwood with
anhydrous methylated ether free from alcohol.
At first the solution is dark red, but ultimately
it becomes almost colourless. By spontaneous
evaporation of the concentrated ethereal solution
a small quantity of bapliic acid is deposited in
the form of tabulai- crystals. After further
evaporation, mixing the concentrated extract
with alcohol, and allowing to stand for some
days, there is deposited a crystalline magma of
baphiin contaminated with a solid red colouring
matter and some dark viscous colouring matter
not yet examined.
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After exhaustion with ether the wood is ex-

tracted with alcohol, and after highly concen-
trating the solution it is left at rest for sorne
time, when it congeals to a semi-crystalline
mass wkich eontains a viseous red colouring mat-
ter and a crystalline constituent not examined.

Benzene and carbon disulphide at 100°C.
are not such suitable solvents as ether, since
they extract very little of the colourless sub¬
stance baphiin, although they have the advan-
tage of dissolving but mere traces of colouring
matter, and the benzene also readily dissolves
any baphic acid whieh may be présent.

Baphiin C24H20Os (m.p. about 200°C.), crys-
tallises from alcohol in the form of lustrous
tabulai' crystals having an odour Of. orris root ;
from ether it crystallises in tufts of needles. It
is insoluble in water, and very sparingly soluble
in benzene and in carbon disulphide. In al-
coholic solution it rapidly oxidises on exposure
to air, producing orange-red or pale-purple
colours. Possibly baphiin may prove to be
identical with santal.

Baphic acid C2JHœO0 or C2)H,2O10 is pre-
pared by boiling baphiin with dilute caustic
potash, and adding hydrochloric acid, when it is
thrown down as a yellowish-white precipitate.
Crystallised from ether it forms white nacreous
scales, very soluble in ether, slightly less so in
alcohol, and insoluble in water.

Baphinitin C24H21Oe is thrown down as a
crystalline precipitate on the addition of water
to the filtrate from the precipitate of lead bapliate
which is formed on mixing alcoholic solutions
of baphiin and lead acetate. It is also the cbief
produet of the action of boiling dilute caustic
potash on baphiin. Baphinitin forms white
needles, soluble in alcohol and in ether, but in¬
soluble in water; it has the same odour as
baphiin but stronger.

Baphinitone C26H20Ofi. On boiling baphiin
with a strong aqueous solution of caustic potash
without access of air, an insoluble residue is left
which eontains three substances : (1) baphi¬
nitin, moderately soluble in alcohol and ether ;
(2) baphinitone, very readily soluble in these
liquids ; (3) a small quantity of an unexamined
substance, m.p. 164-1°C., very sparingly soluble
even in hot alcohol, and separating therefrom in
granular crystals. Baphinitone is extracted
from the above-mentioned residue insoluble in
caustic potash, by treating it with cold alcohol
in which it readily dissolves along with a very
small amount of baphinitin. The solution is
evaporated, and the treatment with alcohol is
repeated till the crystals thus obtained, after
drying over sulphuric acid, have a melting-point
of about 88°C. Baphinitone crystallises from
alcohol in hemispherieal masses composed of
white lustrous radiating crystals insoluble in
water.

Tribromo-baplnimitone C^H^ErjO^ is obtained
by mixing ethereal solutions of baphinitone and
bromine ; on evaporating off the ether it re¬
mains as a white substance, whieh may be puri-
fied by washing with alcohol or ether, in which
it is almost insoluble. It separates from a hot
ethereal solution in small granules, which melt
with sudden blackening at 180-2°C.

Baphiin, baphinitone, and substance (3)
above referred to, are ail coloured orange-yellow

by sulphuric acid ; with nitric acid an orange-
red colour is obtained, which changes gradually
to green.

In addition to the above-mentioned sub¬
stances, barwood eontains,accordingtoAnderson,
at least three colouring matters. Ether extracts
from the wood two of these : one (a) which is
less soluble, and which tenaciously adhères to
the baphiin, and another (b) which is more soluble
and easily removed from it. When the extrac¬
tion with ether is completed, alcohol will dissolve
out a third colouring matter (c). Ail are in¬
soluble in benzene, and give purple lakes with
lead acetate, and purple solutions with alkalis.

The solubility in ether of the colouring
matter (a), which is a bright-red powder, dimi-
nishes after exposure to air. Any adhering
baphiin is removed from it by means of boiling
benzene. The colouring matter (b) is crystalline,
and dissolves readily in boiling alcohol; if
hydrochloric acid be added to the solution the
colour becomes darker, if then ammonia or
caustic potash be added the colour changes to
deep pink, whereas the final colour of the solu¬
tion of the colouring matter (c) under similar
treatment is deep purple.

Pterocarpin C2„H16Os is a crystalline sub¬
stance, apparently différent from Weidel's
santal, obtained by Cazeneuve and Hugounenq
from sandelwood, to the amount of about
OT p.c., as follows. The rasped wood mixed
with one-fourth its weight of slaked lime is
made into a paste with water, then dried and ex¬
tracted with ether eontaining alcohol. On evapo¬
rating the solution a crystalline deposit is obtained,
which, when recrystallised from ether yields a
mixture of platy crystals of Pterocarpin and
long needles of Homopterocarpin, onlythe latter
of which dissolves readily in carbon disulphide.
Pterocarpin, m.p. 152°, is insoluble in water,
also in acids and alkalis ; it is soluble in cold,
better still in hot alcohol, but is only sparingly
soluble in ether. It crystallises from chloroform
in hemihedric klinorhombic prisms, and turns the
polarised ray to the right. It appears to be a
lower homologue of homopterocarpin.

Homopterocarpin C^H^Og, m.p. 82-86°C.,
is little soluble in cold alcohol. It turns the
polarised ray to the left. Caustic potash has
no action upon it, but heated with hydrochloric
acid in sealed tubes to 120°C. it yields methyl
chloride and resorcinol ether (C6H4.0H)20.
When boiled with fuming nitric acid it yields
oxalic acid and two trinitro-orcinols, of which
one forms y6llow needles, m.p. 162°C., the other
is liquid. With excess of bromine homoptero¬
carpin yields leafy crystals of C24HlsBr606, m.p.
about 270°C., and with 2 mois, bromine to
1 mol. homopterocarpin dissolved in chloroform
colourless crystals of C21H23BrO0 are obtained.
The authors believe that homopterocarpin eon¬
tains a kind of poly-orcin

(3 [CtH5(OCH3) (OH)J - 3H20).
Pterocarpin in carbon disulphide solution

gives with 2 mois, bromine a derivative
C20H15BrO„,

m.p. 93°C., crystallising from benzene alcohol
in yellowish needles.

A. Zander (1886) patented a method of
rendering soluble the colouring matter of san-
derswood and its allies, by treating the resinous
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colouring matter in tlie oold with fuming sul-
phuric acid, until a sample of the mixture dis¬
solves in water, from whioh the new colouring
matter is precipitated by means of common sait.
The method does not appear to bave any prac-
tioal value.

Bmployment in dyeing.—In India it is said
that sanderswood, with the addition of one-tenth
of its weight of sapanwood, is employed in dyeing
silk and cotton. In Europe, however, these dye¬
woods are never used in silk dyeing, but ehiefly
in the dyeing of wool, and oecasionally cotton,
for which latter barwood is exclusively employed.

In wool-dyeing various shadês of brown are
obtained by first boiling the wool in a bath con-
taining the ground dyewood for one to one-and-
a-half hours and then adding to the same bath
a solution of one or other of the following mor¬
dants : potassium bichromate, ferrous sulphate,
copper sulphate, alum. During the first part of
the opération, termed ' stuffing,' the wool ab-
sorbs a considérable amount of the resinous
colouring matter and thus acquires an orange or
reddish-brown colour; during the second part,
this combines with the metallie oxide or mor¬

dant, and in the case of the three first-mentioned
metallie salts the colour is changed to a very
dark brown. Hence this part of the opération is
termed the ' saddening.' The same results are
more rationally obtained by employing two
separate baths, since then the unexhausted baths
may be replenished and used again. If the mor-
danting opération précédés the boiling with
dyewood, similar but less intense, and not
such level, shades are obtained. By adding
logwood, fustic, and other dyewoods along with
the sanderswood, &c., a variety of browns, olives,
&o., may be obtained.

So-called ' sour-browns ' are obtained by
boiling the wool in a bath containing sulphuric
acid, sodium sulphate, camwood, &c., turmeric,
and indigo extract, or some acid aniline blue. In
this case, since no mordant is employed, the
camwood merely imparts a comparatively pale
orange or reddish brown to the wool, as above
stated, which is modified and changed to a dark
brown by the blue and yellow dyestuffs also em¬
ployed. The above mode of using camwood, in
order to furnish the red part of the compound
sbade ultimately obtained, is very irrational.

In dyeing vat-indigo blues on wool, sanders¬
wood and barwood are commonly employed for
the purpose of ' bottoming.' Before or after
dyeing in the vat, but usually before, the woollen
material is boiled in a bath containing the
barwood or sanderswood ; oecasionally, the wool
is mordanted. The object of the dyer is to im¬
part a purplish hue to the indigo blue, thereby
to intensify the colour somewhat, and to cause
the colour to be less liable to rub off, or to wear
gray at the seams in the case of clothing. The
two latter points may probably be gained just as
well by merely boiling the wool in water only,
previous to dyeing in the vat. In this manner
the wool is equally well softened and rendered
more absorbent, so that the vat solution péné¬
trâtes the fibre more thoroughly, and thus the
precipitated indigo ultimately forrned is inclosed
within the substance of the fibre, and not so apt
to rub off. The utility of the presence of the
barwood in the bath, except for the purpose of
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modifying the shade of blue, is very questionable
indeed.

Barwood-red on cotton, also called sometimes
' mock Turkey red,' is a bluish red of médium
brilliancy. It is produced by first working the
cotton in a cold décoction of tannin matter—e.g.
sumach—then mordanting it by working in a
cold weak solution of stannic chloride or nitro-
muriate of tin, and, after washing, boiling in a
bath with ground barwood.

Ail the colours produced from these dyewoods,
whether on wool or cotton, are not fast to light.
Those obtained on wool with the use of mor¬

dants are fast to milling ; altliough the colours
do not ' bleed,' alkalis tend to alter the hue of
the colours and to render them more purplish.

At the présent time these dyewoods are being
rapidly superseded by the alizarin colours.
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SANDIVEK. (Fr. Siiint de verre.) The scum

formed on the surface of the molten glass in the
glass pots ; known also as glass gall (v. Giass).

SANDSTONE. (Grès,Fr.) Agranularsiliceous
rock, consisting of Consolidated sand. If the co¬
hésion is imperfect, the friable mass is sometimes
known as sand-rock. The consolidation of the
sand may be effected either by pressure, or by
déposition of minerai matter forming an aggluti-
nating médium between the grains. When the
cernent is siliceous, the resulting rock has great
hardness and durability, but is difficult to work.
Where the grains of sand are united by calcium
carbonate, a calcareous sandstone is produced ;
such a rock may be readily worked as a freestone,
but by weathering it is apt to lose the calcareous
cernent, and, becoming more or less cavernous
in texture, tends to suffer disintegration. In an
argillaceous sandstone the cernent is clayey, and
the stone is not generally durable as a building
material. In a micaceous sandstone scales of
mica are présent, and in many cases facili-
tate the splitting of the stone along the planes
of bedding, as in the Yorkshire flagstone. A
felspathic sandstone contains grains of felspar,
either crystalline or more or less kaolinised :
mueh of the millstone grit of England is of this
character, having clearly resulted from the dis¬
integration of granitic rocks. The term arkose
is often applied to a sedimentary rock made up
of the constituent minerais of granité, rearranged
by déposition in water.
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■ Manv sandstones—especially those of the Old
Eed Sandstone, the Permian, and the Trias—pré¬
sent various tints of redandbrown,due tothe pré¬
sence of ferrie oxide, or its hydrate, aeting as a
cernent, and forming a thin pelliele around each
grain of quartz. Green sandstones, such as those
of the upper greensand of Surrey, owe their
colour to dark grains of glauconite, generally the
internai casts of the chambers of foraminifera.
The bluish and greyish tints of many sandstones
are referred to the presence of ferrous carbonate,
or of finely-divided iron pyrites, or even to iron
phosphate. Sandstones whieh are ' blue hearted '
usually assume yellow or brown tints where ex-
posed to oxidising influences. Grains or crystals
of iron pyrites in a sandstone are apt to produce
rusty blotches when weathered. (On the colour
of sandstones v. G. Maw, Quart. Journ. Geol.
Soc. 24, 1868, 361.)

If the component grains of silica are sharp,
the rock is termed a grit ; many grits are valued
as grindstones, while if very fine in texture they
may sometimes be used as whetstones. A coarse
grit, with large grains of quartz, may be em-
ployed as a millstone.

It has been shown by F. Clowes (C. N. 52,
1885, 194) that in certain Triassie sandstones,
like the ' hemlock stone,' near Nottingham, the
grains of sand are united by barium sulphate.
Certain sandstones are impregnated with metallic
compounds, rendering them useful as ores : thus,
the lower keuper sandstones of Alderley Edge
and of Mottram St. Andrew's, in Cheshire, have
yielded copper carbonates, both green and blue,
with galena and cerussite, cobalt and manganèse
ores, and vanadinite. The workable part of the
metalliferous sandstone contained an average of
1-4 p.c. of copper ; this was dissolved out by
dilute hydrochloric acid, and precipitated by
scrap iron (Greenwell, Proc. S. Wales Inst. Eng.
4,1866,44 ; Hull, Geol. Mag. 1,1864, 65). Native
copper is disseminated in a granular form
through certain sandstones at Lake Superior.
The bunter sandstone, near Commern, in the
Eifel, contains valuable deposits of lead-ore,
usually sulphide, though sometimes carbonate,
oecurring in nodules, whence the rock is termed
Enottensandstein. Many iron ores of the
seeondary rocks, like those of Northamptonshire
and Lineolnshire, are so siliceous as to pass into
highly ferruginous sandstones. (For analyses
of sandstones, v. J. A. Phillips, Quart. Journ.
Geol. Soc. 37, 1881, 21; for American sandstones
v. G. P. Merrill, Smithson. Eep. for 1886, part 2,
443). F. W. E.

SANG1JINAEIA. Bloodroot. The rhizome
of Sanguinaria canadensis contains an alkaloid,
Sanguinarine C17H]5N04, said to be identical
with Chlererythrine, obtained from celandine
(Chelidonium majus) (v. Naschold, J. pr. 106,
385).

SANIDINE v. Felspaiî.
SANTALIC ACID. Santalin v. Sanderswood.
SANTAL 0IL, whieh is obtained by the dis¬

tillation of the sandelwood of Bombay (Santalum
album) with steam, was formerly only made use
of in perfumery, but it is now also used in medi-
cine in place of copaiba balsam. The yield from
100 kilos, of wood amounts to from 1-25 to 2-80
kilos. This oil is a rather thick fluid of sp.gr.
0-945 at 15°. It boils at from 300° to 340°, and

consists almost entirely of two oxidised oils
C^H.jO and C,5H2sO, whieh boil at 300° and
310° respectively. The former is présent in
greater abundance than the latter. By the action
of phosphorie anhydride these oils are converted
into the compounds C>5H,2 and C)VEL,, respec¬
tively, whieh boil at 245° and 260°. Oil of
cedarwood, when freed from its oxidised con-
stituents, possesses almost exaetly thecomposition
of the hydrocarbon C,5H22, and boils at the same
température. The two products are therefore
probably identical. The hydrocarbon C,5H„4 is
isomeric or identical with copaiba oil. By slow
distillation sandelwood oil yields two products,
boiling respectively below 250° and above 350°.
Water and hydrogen are at the same time formed.
The reaction is, however, incomplète, but on
heating in a closed vessel at 310°, the following
reactions take place :

4C15H240 = C20H;,„O + C40H62O3 + 4H
C40H62O3 = OmH60O2 + H2O.

The oil C2„H3llO boils at 240°, and is converted
by phosphorie anhydride into the hydrocarbon
CI0Hh, boiling at 175° to 180°, and smelling of
cymol. The product C,„HS2Os is liquid, and dis-
tils over at 340°, while CloIIfio02 is found in the
fraction boiling above 350° ; it possesses the con-
sisteney of honey. The oil C^H^C) so behaves
under the influence of heat that among the de-
composition products of sandelwood oil are found
liquids whieh boil from 240° to 260°, and hydro-
carbons produced by dehydration, boiling between
185° and 200°. By the action of glacial acetie
acid on sandelwood oil at 150°. is obtained, after
seven or eight hours, a fluid boiling between
280° and 300°. This is a mixture of two pro¬
ducts, of whieh one boils between 280° and 285°,
and the other at 298°. The first C3„H460, is
formed from 2CI5H240 by the loss of H20 ; the
second is the acetic ether, CjjHjjO,, of the oil
C,5H2sO. It possesses an agreeable fruity odour.
Hydrochloric acid yields at 125° the hydrochloric
ether of sandelwood oil, whieh boils at 275°.
The reaction is more complicated than with
acetic acid. These last reactions confirm the
composition of sandelwood oil above given.
They show, moreover, that the oil C15H260 pos¬
sesses the characters of an alcohol. As regards
the second oil C,sH240, whieh approaches an
aldehyde in its properties, it is probable that it
is the aldehyde of the alcohol C15H2sO (S. C. 1.1,
336).

SANTALOL v. Cajiphors.
SANTONICA. Wormseed. (Semen-contra, Fr. ;

Wurmsamen, Ger.) The so-called wormseed
consists of the minute unexpanded flower-heads
of Artemisia maritima, variety Stechmanniana
(Besser) (v. Bentl. a. T. 157). The species is
widely distributed throughout Europe and Asia ;
but the variety whieh yields the more esteemed
Levant wormseed of commerce is for the most
part conflned to southern Eussia and Turkestan,
especially the district of the lower Volga. Thence
the drug enters European markets by way of
Nijni Novgorod. The santonica shrub evolves
a marked camphoraceous odour, whieh is dis-
tinctly pereeived in the drug itself when rubbed.
The taste is bitter and aromatic (c/. Fliickiger,
Ph. [3] 17, 449).

Santonica is used in medicine almost ex-

clusively for its powerful anthelmintic property
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in the case of the round lumbrieoid worm

iscaris lumbricoides; but for this purpose its
chief active constituent, santonin, has quite
Euperseded the drug itself. When santonin
or santonica has been administered the urine
assumes a saffron-yellow colour, changed to
violet by alkalis, and in many cases the field
of vision is suffused with a yellow hue. Kônig
finds that the visual power of recognising
the ulterior portion of the blue and the entire
estent of the violet of the solar spectrum is
entirely abolished for the time being, whilst the
point of neutrality is situated at the rare length
of 573, this being the exact complementary point
of the suppressed violet. Kônig infers that the
visual phenomena, occasioned by the ingestion
of sodium santoninate, do not constitute actual
violet blindness, the retina or optic nerve being
affected, but that the rays of violet light are,
during the santoninic toxical condition, simply
absorbed by certain of the média of the eye,
which have been abnormally, and, of course, only
temporarily, affected in that direction by the
drug (S. C. I. 1889, 566).

The well-known crystalline compound san¬
tonin, CJ5HibOs, was discovered in santonica by
Kahler in 1830 (Brandes, Arch. 34, 31S ; 35, 216),
and independently obtained immediately after-
wards by Alms (Brandes, Arch. 34, 319 ; 39, 190).
It was further studied by Trommsdorff (A. 11,
190) and by Heldt (A. 63, 10) ; also by Ober-
dôrffer (Brandes, Arch. 35, 319), GuiÛemette
(J. Ph. 26, 152), Roder (Jahrb. pr. Pharm. 6, 45),
Miahle and Calloud (J. Ph. [2] 4, 387), and
Cerutti (Ar. Ph. [2] 52, 148). To obtain it the
method adopted by the British Pharmacopœia of
1885 may be employed. This is essentially the
process of Calloud (J. Ph. [2] 15,106). The drug
is extracted by digestion with lime and water, and
from this solution, after suitable concentration
and acidification, the santonin in an impure form
slowly précipitâtes. It has then to be purified
by washing with water and dilute ammonia, and
by treatment with animal charcoal, and finally,
it is dissolved in alcohol and crystallised from
that solvent. The crystallisation has to be
effected in a dark place, otherwise the product is
converted by the actinie rays into a yellow com¬
pound, whieh, at least in those cases where the
alcohol is not free from water, is the ethyl ether
of a new dibasic acidphotosantonic acid C15H2.,05
(Sestini, G. 6, 357). The yield of santonin
varies from 1 to 2 p.c. For the préparation of
santonin, see also Busch (J. pr. [2] 35, 322) and
Cech (D. P. J. 253, 474).

Methods which are modifications of the pro¬
cess just described are also employed in the
valuation of specimens of the drug by Dragen-
dorff (Ar. Ph. 1878, 306) and Fliiekiger and
Ehlinger (Ar. Ph. [3] 24, 1). The following
process is given by Fliiekiger and Ehlinger :—
5 parts of wormseed and 1 part of milk of
lime are boiled for two hours in a considér¬
able quantity of dilute alcohol, and the liquid
poured off after cooling; this treatment is re-
peated twice, the extracts are mixed, and the
alcohol removed by distillation. The residual
liquid is then saturated in the cold with car-
bonic acid, the mixture, after standing some
hours, filtered, and the filtrate evaporated to
dryness. The residue is triturated with animal

charcoal and alcohol (sp. gr. 0-935), and the
paste mixed with more alcohol is heated to boil-
ing. The whole is then thrown on a filter, the
residue washed with hot alcohol, and the filtrate
concentrated by evaporation, when, after stand¬
ing for some hours, the santonin separates in
crystals and may be dried and weighed (Fliieki¬
ger, Ph. [3] 17, 449).

Santonin erystallises from water in flattened
hexagonal prisms and from ether in rhombic
plates. It melts at 170° (Schmidt, Z. 1865, 320;
Leroy, R. P. 1878, 104), and when heated to a
higher température in small quantities it may
be sublimed. It is nearly insoluble in water ;
but is soluble in ether, and more so in alcohol
and chloroform (cf. Trommsdorff; Schlimpert,
Ar. Ph. [2] 100, 151). The alcoholic solution is
strongly lœvorotatory (Buignet, J. Ph. [3] 40,
252 ; Hesse, A. 176, 125). If a small fragment
of santonin be dissolved in cold sulphurie acid
and a drop of ferrie chloride solution be added,
there is developed a beautiful crimson colour
which passes over to purple and violet (Lindo,
C. N. 36, 222 ; Knopp, D. P. J. 268, 42). A
crimson colour is also obtained when santonin
is treated with alcoholic potash (Heldt). When
heated with dilute acids sugar is not formed
(Schmidt, Z. [2] 1, 212).

Halogen derivatives were obtained from san¬
ton in by Heldt (A. 63, 32) and by Sestini (Bl. 5,
202), and it is shown to form definite addition
compoundswith metallic oxides. Monochlorosan-
tonin C]5H17C10s, dichlorosantonin C15H16C1203,
and trichlorosantonin C|.,H]5C1303 were prepared,
and metallic compounds having the général
formula C15Hls03,M'20. The compound with
sodium consists of large rhombic prisms. These
metallic compounds were proved by Hesse (B. 6,
1280) to be combinations of a new acid of which
santonin is the anhydride, and not to be salts of
santonin, as was at first supposed. This new
santoninic acid C15H20O4 is obtained when the
sodium compound of Heldt is treated with a
minerai acid. Its salts, the santoninates, are
formed by the addition of a molecule of a metallic
oxide to a molecule of the anhydride, santonin.
The free acid may also be easily reconvertedinto
santonin by the removal of the elements of water.
This is aecomplished by simply heating it to-
120°, or by treatment with concentrated sul¬
phurie acid. Santoninic acid consists of colourless-
granular crystals whichare unaffected by sunlight.

By the prolonged application of heat and by
the action of reagents Cannizzaro and some of
his pupils have brought to light a large number
of isomerides of santoninic acid and its anhy¬
dride, santonin, and other related compounds,
and from each of these have obtained derivatives.
This work has indeed been carried so far that
Cannizzaro has ventured to put forward the fol¬
lowing structural formula for santonin. It is
represented as a derivative of naphthalene and as
an inner anhydride orlactone of santoninic acid;

CH CHMe

/\/\
HC CH CO

! | | /CH^CH.HC CH C< >
V\/ O—CCK
CH CHMe

Santonin.
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The eorresponding formula for santoninic
acid is :

CH CHMe

/\/\
HC CH CO

I ! I
HC CH C(OH).CH,.CH2.COOH
\/\/

CH CHMe
Santoninic acid.

See Cannizzaro and Sestini (G. 3, 241);
Cannizzaro (G. 4,452 ; 6,341; 6,355; 13, 385; B.
18, 2,746) ; Cannizzaro and Amato (B. 7, 1103) ;
Struever (G. 6, 349) ; Sestini (G. 6, 148a, 357) ;
Cannizzaro and Valente (G. 8, 309); Cannizzaro
and Carnelutti (G. 8, 318 ; 10, 459 ; 10, 461 ; 12,
393; B. 12, 1574; 13, 1516); Villavecchia (B.
18, 2859); Cannizzaro and Fabris (B. 19, 2260) ;
Gueei (G. 19,367) ; Grassi-Cristaldi (G. 19, 382) ;
Wagner (B. 20, 1662). For the physiological
action of santonin derivatives, many of which
liave been used in medicine, see Coppolo (C. J.
54, 310).

Santoniea contains, besides santonin and the
substances found in ail plants, certain volatile
constituents. When distilled with steam 1 to 2

p.c. of a volatile oïl passes over, which boils at
175°, and is composed for the most part of
cincol C,0H,8O, which boils at 176°, and which
readily loses water with formation of cinene
C,nH16 and dicinene C20H32 (Wallach, A. 245,
195) ; Hell a. Stiircke, B. 17, 1971). See also
Kraut (J. 1862, 460) ; Kraut and Wahlforss (A.
128, 293) ; Wallach and Brass (A. 225, 291) ;
Wallach and Gildmeister (A. 246, 268) ; Briihl
(B. 21, 461). A. S.

SANTONIN v. Santonica.
SANTONINIC ACID v. Santonin.
SAPAN-WOOD v. Bbazilwood. The export

of this valuable dye-wood from Bangkok has de-
creased each year since 1884, when the export
was 3,079 tons. In 1887 it fell to 1,772 tons, and
in 1888 to 1,372 tons. The sapan-wood forests
are, it appears, much exhausted, and without
forest régulations there is danger of the wood
ceasing to be an article of export. The supply
from the Baheng district, whence most of the
wood formerly came, has now almost ceased, and
that which finds its way to Bangkok is derived
chiefly from the Lakhon forests, the trees being
torn up by the roots and floated down by way of
Baheng to Bangkok. Most of the sapan-wood
shown in the returns is exported in the form of
dunnage with rice cargoes (S. C. I. 9, 985).

SAPONIN v. Senega.
SAPPHIRE v. Aluminium: ; also Cobunduh.
SARCINE v. Hypoxanthine.
SARDONYX v. Agate.
SARSAPARILLA. (Badix sarsce ; Racine de

Salsepareille, Fr. ; Sarsaparillwurzel, Ger.) Of
the various kinds of sarsaparilla imported into
this country that variety which originally came
by way of Jamaica, and is still known as
' Jamaica sarsaparilla,' is alone recognised by
the British Pharmacopœia. It was formerly
believed to be the root of Smilax officinalis
(Kunth ; Bentl. a. T. 289), but recent observa¬
tions on a flowering specimen at Kew indicate
that the officiai drug is derived from a distinct
speeies to which Sir J. Hooker gives the name
S. ornata (Ph. [3] 19, 989). It is a woody climb-

ing plant which inhabits Central America, espe-
cially on the mountains known as the Cordillera
of Chiriqui, in the isthmus of Panama, adjoining
Costa Rica, and perhaps other districts in the
northern parts of South America. For botanical
apd other characters, see Pereira (Mat. Med.
3rd ed. 1153) and Fl. a. H. 703. Sarsaparilla is
an alterative medicine, employed especially in
the treatment of some forms of syphilis, but it
is not regarded with the same favour that it was
formerly.

Of the constituents of sarsaparilla, with the
exception of starch, which occurs to the greatest
extent in some of the non-official varieties of the
drug, the only ones to be described are a trace of
volatile oïl and the crystalline compound par-
ïllin. Little is known of the volatile oil. Pereira
obtained only a few drops from the distillation
of 140 lbs. of the root. This was heavier than
water, was soluble in alcohol, and possessed the
odour and acrid taste of sarsaparilla.

Parillin was discovered in sarsaparilla by
Pallota in 1824 (Brugn. Giorn. 17, 386), who
called it also 1 pariglin.' Folchi soon afterwards
obtained a similar substance, which he nametl
' smilacin ' ; similarly Thubeuf described ' salse-
parisin ' (J. Ph. 18,734; 20,162a. 679),andBatka
' parillinie acid ' (A. 11, 313). Finally, Poggiale
(J. Ph. 20, 553) proved that these various pro-
ducts were one and the same compound, and for
this he adopted the name ' smilacin.' ' Sarsa-
parillin ' is another name for the same substance.
See also Buchner (B. P. 53, 1) and Petersen (A.
15, 74 a. 17, 166). Fliickiger, however, having
reinvestigated the subject, adopts the tenu
' parillin,' as originally employed by Pallota
(Ar. Ph. [3] 7, 532 ; Ph. [3] 8, 488). Parillin
is deposited in a crystalline form when an
alcoholie extract of the root, after treatment
with animal charcoal, is concentrated. When
recrystallised from alcohol, it assumes the form
of colourless needles. Fliickiger précipitâtes the
crude parillin from the concentrated alcoholie
solution by the addition of water, ■ and then
purifies in the manner described. The yield was
about 0T9 p.c. of the root employed. Air-dried
parillin melts at 210°. Freed from water at
100°, it seems to have the formula C40H6,,018 or
C4sHSiOla. It is almost insoluble in cold, though
somewhat soluble in hot, water; is soluble in
alcohol and less so in chloroform. Dihite (10
p.c.) sulphuric acid when heated with parillin
gives a green colour, which on further concen¬
tration changes to red and brown. It is a
glucoside, yielding by the action of dilute acids
sugar and parigenin. The latter compound was
obtained by Fliickiger in scaly crystals from its
solution in alcohol. It is distinguished from
parillin by being quite insoluble even in hot
water. Parillin and parigenin seem nearly re-
lated to saponin and sapogenin, if not also to
cyelamin and cyclamiretin. A. S..

SASSAFRAS OIL v. Olls, essential.
SAVINE, OIL OF, v. Oils, essential.
SAXON BLUE. A term occasionally applied

to a solution of indigo in sulphuric acid. Used
also as a synonym for smalt.

SAXON GREEN. Emerald green v. Pig¬
ments.

SCAMMONY v. Gu.m besins.
SCANDIDM v. Cekium metals.
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SCAPTIN v. Digitalis.
SCARLET, ATLAS, v. Azo- coloueing mat-

iees.
SCARLET, EIEBRICH, v. Azo- coloueing

mattees.
SCARLET, BRILLIANT, v. Azo- coloueing

mattees.
SCARLET, COCHINEAL, v. Azo- coloueing

mattees.
SCARLET, CROCEÏN, v. Azo- coloueing

jiattebs.
SCARLET, DOUBLE, v. Azo- coloueing

mattees.
SCARLET OCHRE. Venetian red v. Pig¬

ments.

SCARLET, WOOL, v. Azo- coloueing mat-
tees.

SCARLET, XYLIDINE, v. Azo- coloueing
mattees.

SCHEELE'S GREEN v. Absenic.
SCHEELITE, SCHEELINITE, v. Tungsten.
SCHLIPPE'S SALT. Sodiumsulphantimon-

ate v. Antimony.
SCHORLOMITE v. Titanium.
SCHULTZE'S POWDER v. Explosives.
SCHWATZITE v. Fahl-obe.
SCHWEINFURTH GREEN. Emerald green

v. Absenic ; also Pigments.
SCHWEITZER'S REAGENT. A solution of

hydrated cupric oxide in ammonia, used as a
solvent for cellulose (v. Cellulose).

SCILLA, SCILLAIN, SCILLIN, SCILLI-
PICRIN, SCILLITIN, SCILLOTOXIN, v. Squill.

SCLERO - CRYSTALLINE, SCLEROERY-
THRIN, SCLERIODIN, SCLEROMUCIN. SCLER-
OXANTHIN, SCLEROTIC ACID v. Ebgoi oe
rye.

SCOPARIN v. Beoom tops.

SEALING-WAX. (Cire à cacheter,Fr.; Siegel-
lack, Ger.) The Hindoos frorn tiine immémorial
have possessed the resin lac, and were long ac-
customed to useit for sealing manuscripts before
it was known in Europe. It was first imported
from the East into Veniee, and then into Spam;
in which country sealing-wax became the object
of a considérable commerce, under the name of
Spanish-wax.

If shellac be compounded into sealing-wax
immediately after it lias been separated by fusion
from the palest qualities of stick or seecl lac, it
then forms a better and less brittle article than
when the shellac is fused a second time. Henee

sealing-wax rightly prepared in the East Indies
deserves a preference over what can be made in
other countries, where the lac is not indigenous.
Shellac can be restored in some degree, however,
to a plastic and tenacious state by melting it
with a very small portion of turpentine. The
palest shellac is to be selected for bright-coloured
sealing-wax, the dark kind being reserved for
black.

The following proportions may be followed
for making red sealing-wax. Take 4 ounces of
shellac, 1 ounce of Venice turpentine, and 3
ounces of vermilion. Melt the lac in a copper
pan suspended over a clear charcoal tire, then
pour the turpentine slowly into it, and soon
aftenvards add the vermilion, stirring briskly ail
the time of the mixture with a rod in either
liand. In forming the round sticks of sealing-
wax, a certain portion of the mass should be

weighed while it is ductile, divided into the
desired number of pièces, and then rolled out
upon a warm marble slab, by means of a smooth
wooden block, like that used by apothecaries for
rolling a mass' of pills. The oval sticks of
sealing-wax are east in moulds, with the above
compound in a state of fusion. The marks of
the lines of junction of the mould-box may be
afterwards removed by holding the sticks over
a clear fire, or passing them over a blue gas-
flame. Marbled sealing-wax is made by mixing
two, three, or more coloured kinds of it while
they are in a semi-fluid state. From the viscidity
of the several masses, their incorporation is left
incomplète, so as to produce the appearance of
marbling. Gold sealing-wax is made simply by
stirring gold-coloured mica spangles into the
melted resins. Wax may be scented by intro-
ducing a little essential oil, essence of musk, or
other perfume. If 1 part of balsam of Peru be
melted along with 99 parts of the sealing-wax
composition, an agreeable fragrance will be ex-
haled in the act of sealing with it. Either
lampblack or ivory-black serves for the eolour-
ing matter of black wax. Sealing-wax is often
adulterated with resin ; in which case it runs
into thin drops at the flame of a candie.

The following proportions are stated to form
good sealing-wax :—

Red, No. 1.—4 oz. Yenetian turpentine, 6 oz.
shellac, J oz. colophony, 1J oz. cinnabar, &c.

Red, No. 2.—4 oz. turpentine, 5| oz. shellac,
1| oz. colophony, 1£ oz. cinnabar, magnesia to
colour.

Fine black.—4) oz. Venetian turpentine, 9 oz.
shellac, 4 oz. colophony, lampblack mixed with
oil of turpentine as much as is required.

Black.—4 oz. Venetian turpentine, 8 oz.
shellac, 3 oz. colophony, lampblack, and oil oi
turpentine.

Yellow.—2 oz. Venetian turpentine, 4 oz.
shellac, 1} oz. colophony, £ oz. King's yellow.

Dark brown.—4 oz. Venetian turpentine,
7Jr oz. shellac, 1| oz. brown English earth
(ochre).

Light brown.—4 oz. Venetian turpentine,
7^ oz. shellac, 1 oz. brown earth, £ oz. cinnabar.

Dark blue.—3 oz. Venetian turpentine, 7 oz.
fine shellac, 1 oz. colophony, 1 oz. minerai
blue.

Green.—2 oz. Venetian turpentine, 4 oz.
shellac, 1£ oz. colophony, J oz. King's yellow,
y oz. mountain blue.

Gold.—4 oz. Venetian turpentine, 8 oz. shel¬
lac, 14 sheets of genuine leaf-gold, ^ oz. bronze,
•j oz. magnesia with oil of turpentine (Ure).

SECRETAGE. A process in which mercury
or some of its salts is employed to impart to the
fur of animais the property of felting (Ure).

SECURITE v. Explosives.
SEED LAC v. Resins.
SEIGNETTE'S SALT. (Potassium sodium

tartrate C4H40sKNa.4H20 or Rochelle sait.) So
named from having been discovered by Seignette,
an apothecary in Rochelle, in 1672.

SELENITE. Hydrated calcium sulphate (v.
Calcium ; also Cements).

SELENIUM. Symbol Se. At. wt. 78*87
(Petterssen and Ekman). This element is widely
distributed in small quantifies. It occurs native
in cavities in Vesuvian lavas. In eombination it
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is found as sulphur sele lide or selensulphur in
native sulphur; as claustlialite PbSe, lehrbachite
PbSeHgSe, onofrite HgSe4HgS, eucairite
CuSeAg.,Se, crookesite (CuTlAg)Se, and other
minerais. It oeeurs in many varities o£ copper
and iron pyrites, especially inNorwegian pyrites,
and is precipitated from the sulphurie aeid pre-
pared from tliem. It bas been found by H. N.
Warren in meteoric iron.

Sélénium is prepared from the deposit from
sulphurie aeid in the chambers and Glover's
towers. The deposit is boiled with tvvo parts of
sulphurie aeid (diluted with an equal volume of
water) with the addition of nitrie aeid or potas¬
sium chlorate, until the red colour has dis-
appeared. The solution, which eontains selenio
aeid, is heated with one-half its volume of
fuming hydrochlorie aeid and evaporated to one-
quarter, ehlorine being evolved and selenious
aeid remaining. The solution is then saturated
with sulphurous oxide, and the precipitated
sélénium, which eontains lead, copper, and other
metals, is fused with potassium nitrate and
potassium carbonate, and the potassium selenate
produced is dissolved out and re-treated with
hydrochlorie aeid and sulphurous oxide.

By a second method the chamber deposit is
heated with concentrated potassium cyanide
solution until it beoomes grey. The solution,
containing potassium selenooyanate, is filtered
and treated with hydrochlorie aeid and sul¬
phurous oxide, the precipitated sélénium being
separated from metals as before.

Sélénium is known in a form soluble in carbon
bisulphide and an insoluble, or metallie, form.
The soluble form is producedas a briek-redpowder
by precipitating cold selenious aeid solution with
sulphurousoxide, and as a black crystalline powder
when deposited from a hot solution. From car-
bon bisulphide it crystallises out in dark-red
crystals of 4-5 sp.gr. When heated it gradually
softens, assuming the plastic condition ; when
melted and cooled quickly, it forms a black glossy
mass, still soluble but of sp.gr. 4-28. If heated and
cooled to210°, andretained at aboutthat tempéra¬
ture, it solidifies after a time ; more slowly if kept
at a température about 96°, forming a granular
crystalline mass, the température rising to 217°.
This form is almost insoluble in carbon bisul¬
phide, and lias a sp.gr. 4'5. If heated to about
168° the erystals become almost black, increasing
in density to 4-8, and becoming quite insoluble in
carbon bisulphide. This form may also be pro¬
duced in microscopic crystals by exposure to the
air of a concentrated solution of potassium or
sodium selenide.

The crystalline form eonducts electricity, its
résistance increasing when heated but diminish-
ïng considerably on exposure to light, the action
being principally produced by the red rays. The
change of conductivity is instantaneous, and is
almost doubled in sunlight, even the light from
a small lamp having a noticeable effect. The
résistance gradually returns after removal from
light. According to Bidwell (C. N. 52, 191), the
sensitiveness dépends on the presence in the
sélénium of a metallie selenide. On this pro-
perty dépends the construction of the photophone,
in which light is converted into electricity.
A. Weinhold (D. P. J. 239, 160) describes the
préparation of sélénium résistance rods for

photophonic purposes. Sélénium has also been
recently used for observations of the transit of
Venus and of the sun's éclipsé.

Sélénium boils at 665° at 760 mm. (Troost),
forming a dark-red vapour of anomalous density
at températures near the boiling-point but normal
at 1420°.

Sélénium is odourless and tasteless, but the
vapour possesses an odour of putrid horseradish.
It burns with a reddish-blue liame. In cold
concentrated sulphurie aeid it dissolves with a
fine green colour, with formation of selenosul-
phuric trioxide SeSO,, from which solution
sélénium is precipitated by water. Sélénium
closely resembles sulphur. It mixes in ail pro¬
portions with sulphur, crystals containing both
elements in varying proportions being deposited
from their solution in carbon bisulphide. Sélé¬
nium can also replace sulphur in alunis.

Seleniuretted hydrogen SeH2 is produced by
the action of dilute hydrochlorie aeid on ferrous
or alkaline selenide or by heating sélénium in
hydrogen gas, the quantity produced depending
in the latter case upon the température. It dé¬
composés when heated, so that when sélénium
is heated in hydrogen in a glass tube the hydride
is at first produced, and is again reduced with
déposition of crystalline sélénium on the colder
parts of the tube. It is a eolourless gas of per¬
sistent foetid odour, more soluble in water than
sulphuretted hydrogen, the solution being aeid
to litmus and absorbing oxygen from the air,
with déposition of red sélénium. It précipitâtes
most heavy metals as selenides.

Sélénium forms one oxide SeO,, produced by
heating sélénium in dried oxygen, in white
needle-shaped hygroscopic crystals, which sub¬
lime unmelted at about 300°, forming a yellow
vapour.

Selenious aeid H.,SeOa is produced by solu¬
tion of sélénium in nitric aeid or of selenious
oxide in hot water. It crystallises from solution
in eolourless prisms. A number of aeid and
neutral selenites are known. They ail evolve
sélénium when heated with ammonium chloride
in a tube, and produce the horseradish odour
when heated on charcoal in the reducing flame.

Selenic aeid H2Se04 may be produced by the
action of ehlorine or bromine on aqueous sele¬
nious aeid. When selenites are similarly treated,
selenates are produced. It cannot be obtained
in the anhydrous condition, as it décomposés into
oxygen, water, and selenious oxide at 280°.
Aqueous solution of this aeid dissolves gold,
copper, iron, and other metals. Selenates closely
resemble sulphates ; they are ail reduced to
selenites when heated with hydrochlorie aeid.

Acids containing both sulphur and sélénium
are also known, as selenosulphuric aeid H2SeS0;,
and selenotrithionic aeid H..SeS.,06.

Sélénium forms two chlorides and an oxy-
chloride Se2Cl2, Se2Cl4, SeOCl2, and the corre-
sponding iodides and bromides, an oxybromide
and a fluoride. Two chlorobromides, SeClBrs and
SeBrCl3, and a biselenide of carbon OSe2, re-
sembling bisulphide of carbon, are also known.

SEMINA CONTRA OIL v. Oils, essentiel.
SEMINOSE. In manyseeds the cell walls of

the endosperm or the cotylédons are consider¬
ably thickened. In the case of some seeds it
has been shown that this extra material serves
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as reserve food for the embryo, whilst in other
instances this proof has not been forthcoming.
The thiekened oeil walls consist either of amyl-
oid or cellulose. E. Eeiss has examined a

number of those seeds which contain cellulose
as reserve material. This cellulose différa con-

siderably from ordinary cellulose. On hydrolysis
with sulphuric acid, a dextrorotatory sugaris ob-
tained. It reduces Fehling's solution, and is
capable of fermentation. Eeiss gives to it the
name of seminose. It has not yet been obtained
in the pure state, so that its properties are not
accurately known, but it yields several readily
crystallisable derivatives. Phenylhydrazine acé¬
tate mixed with an aqueous solution of seminose
in the cold gives a very considérable précipita¬
tion of a colourless hydrazone. It is soluble in
80-100 parts of boiling alcohol of 50-60 p.c.,but
the greater part separates out again on cooling.
It crystallises in small rhombic plates, melting
at 185-186°C. It is composed of one moleeule
of G6H1606 united to one of phenylhydrazine
with séparation of one moleeule of water. Its
formula is CI2HlsN205. A neutral aqueous solu¬
tion of seminose gives with basic acetate of lead
a white gelatinous precipitate, soluble in excess
of the reagent. Its composition is

Pb0(C6H1206) + H?0.
Seminose readily yields an isonitroso- derivative
in colourless crystals of the formula C6H,3O0N.
It is fairly soluble in water, and melts at 176°C.
with blaekening. These facts conclusively prove
that seminose is a distinct sugar. The formation
of seminose is easily detected by the insolubility
of its phenylhydrazone, which is a ready means
of distinguishing the reserve food cellulose from
ordinary cellulose and amyloid. Seminose was
obtained from the following families of plants :—
Palmacese, liliaceœ, iridaceœ, loganiaceœ, and
rnbiaceae. Seeds containing amyloid as reserve
food do not give seminose on hydrolysis. (E.
Eeiss, B. 22, 609-613 ; S. C. I. 8, 406.)

SENARMONTITE. Antimony sesguioxide v.
Antimony.

SENECA OIL. A name given to American
petroleum, from the circumstance that it was
collected by the Seneca Indians.

SENEGA EOOT. Seneka Snake Root.
Smegœ Radix. (Racine de Polygala de Virginie,
Fr. ; Senegawurzel, Ger.)

The root of Polygala Senega (Linn. ; Bentl.
a T. 29), a plant inhabiting the central and
northern portions of North America. It is a
reputed diuretic and stimulating expectorant,
especially applicable to chest diseases and
rheumatism. Besides a trace of volatile oil and
the constituents common to plants, senega root
contains from 2 to 3'5 p.c. of senegin or poly-
galic acid, a compound which is nearly related
to, if not identical with, saponin, as it occurs in
soapwort and other plants. See Gehlen (B. J.
1804,112), Dulong (J. Ph. 13,567), Trommsdorfï
(N. J. T. 24, 2, 28), Quevenne (B. J. 17, 309 ;
18, 394), Bolley (A. 90, 211), Procter (C. N.
1861, 40), Christophsohn (J. 1875, 831), Kobert
(Arch. Path. Pharmak. 23, 233). Senegin has
the formula C32H520]7 (Funaro, G. 19, 21). To
obtain it the root is exhausted with a mixture
of two-thirds alcohol and one-third water, and
the liquid, after concentration, is washed by
shaking with ether. The syrup thus freed from

fixed oil and other substances is precipitated by
a mixture of ether (1 part) and alcohol (3parts),
and the crude senegin which falls is finally puri-
fied by solution in water, and reprecipitation by
ether-aleohol (Procter). By the action of dilute
acids it breaks up into sugar and senegein thus :
C32Hs2017 + 2H20 = C20H3!O7 + 2CbH,,0„ (Funaro)
(v. Glucosides). According to Kobert, senega
contains a second glucoside having acid proper¬
ties, for which he adopts the namepolygalic acid.

The ' Virginie acid ' of Quevenne and the
' isolusin ' of Peschier have not been found by
subséquent inquirers. Langbeck (Ph. Z. 1881,
260) first detected methyl salicylate in old spé¬
cimens of senega, which he supposed to be a
product of décomposition of the root. Beuter
(Ar. Ph. [3] 27, 309) has, however, shown that
the volatile oil of senega consists of a mixture
of methyl salicylate and valerianate.

For adultération of commercial senega root,
see Maisch (Ph. [3] 20, 547 ; 21, 46). A. S.

SENEGAL GUM v. Gums.

SENEGIN, SENEKA, SNAKE EOOT, v.
Senega root.

SENNA LEAVES. Folia SenncB. (Feuilles
de Séné, Fr. ; Sennesbldtter, Ger.)

This well-known purgative was introduced
into European medicine by the Arabian phy-
sicians. As it now occurs in commerce, the
drug consists of the leaves of Cassia acuti-
folia (Delile) and Cassia angustifolia (Vahl).
The former species inhabits Nubia and Kordofan,
and produces what is known as Alexandrian
senna. The latter iscultivated in southern India,
and is the source of Indian or Tinnevelly senna
(cf. Bentl. a. T. 90 ; Eoyle, 111. Bot. Himal., 37).

Senna has frequently been the subject of
chemical investigation. The earlier work of
Braconnot (J. de Chim. Méd. 1, 284), Lagrange
(A. Ch. 24, 3), and Lassaigne and Fenuelle (A.
Ch. [2] 16, 16) showed that it contains a
peculiar extractive, cathartin, together with a
yellow colouring matter, volatile and fixed oil,
and other constituents common to plants. Bley
and Diesel (Ar. Ph. [2] 55, 257) isolated a yellow
resin, chryoretin ; but the investigations of
Martius (Monographie der Sennesbliitter, Leip¬
zig, 1857), Batka (J. 1864, 555) and Bourgoin
(J. Ph. [4] 5, 25 ; 12, 305) proved that this
substance, the yellow colouring matter of senna,
is nearly related to chrysophanic acid. Bour¬
goin isolated besides, a dextrorotatory sugar,
and a substance which he termed chrysophanin.
Two other compounds were obtained by Ludwig
(Ar. Ph. [2] 119, 50) from an alcoholic extract
of the leaves by treatment with charcoal—the
one, sennacrol, soluble, and the other, senne-

picrin, insoluble in ether (v. Gm. 18, 240).
How far these substances really represent

the definite constituents of senna must be left
for future investigation to détermine, but in the
meantime a distinct advance has been made by
Dragendorff and Ilubly (P. Z. 1866, 4, 429 ; 4,
465) and independently by T. B. Groves (Ph.
1869, 10, 196). These observers have brought
to light a colloidal glucoside, cathartic acid,
which, in combination with calcium or mag¬
nésium, exists in senna, and to which the pur¬
gative action of the drug is due. At ail events,
this property in its entirety is possessed by
ammonium cathartate as prepared by Groves.
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The cathartates whieh exist in senna are

insoluble in alcohol but soluble in water or mix¬
tures of water and aleohol. To extract them
Dragendorff and Kubly treat a concentrated
aqueous extract with an equal bulk of aleohol,
whieh removes, by précipitation, mucilage and
certain inactive salts. An excess of alcohol is
then added, when the cathartates are thrown
down. The precipitate, after washing with
alcohol, is purified by solution in water and a
répétition of the above process. To obtain the
free acid, a concentrated solution of the salts in
water is decomposed by hydrochloric acid, when
the acid is precipitated. Cathartic acid is
amorphous, of a brown to black colour, and
though itself insoluble in water, forms soluble
salts with metals of the alkalisand alkaline earths.
Analysis led to the formula C180HMO82N2S show-
ing without doubt that the product was impure.
According to Stockmann (Ph. [3] 15, 749) the
acid when pure contains no nitrogen or sulphur.
By the action of dilute acids cathartic acid
breaks up into glucose and a new compound,
cathartogenic acid, a yellowish-brown powder
insoluble in water and ether.

From the alcoholic solution after removal
of the cathartate the same investigators isolated
catliartomannite (?), whieh was further
studied by Stockman and by Seidel (Am. J.
Pharm. 1885, 557), and whieh is no doubt
the dextrorotatory sugar of Bourgoin ; chryso-
phan or chrysophanic acid, as previously de-
scribed by Bley and Diesel and others ; and
perhaps Ludwig's sennepicrin.

Senna pods appear to contain a greater pro¬
portion of cathartic acid than the leaves, and
are said to be unattended by the pain in the
intestines and nausea whieh generally accom-
pany the administration of the leaves. See Mac-
farlane (Lancet, 1889, 164) and Salmon (Ph. [3]
20, 281). A. S.

SENNAAR GUM v. Gums.
SENNACROL v. Senna leaves.

SENNAPICRIN v. Senna leaves.

SEPIA. A dark-brown pigment prepared
from a black juice secreted by certain glands
of the cuttle-fish (Sepia officinalis, Sepia Loligo,
&c.) and ejected by the animal to darken the
water when it is pursued. One part of the
juice is capable of making 1,000 parts of water
nearly opaque. The juice, when dried, yields a
black mass, whieh, according to Prout, consists
of 78 per cent, black pigment or melanin,
10-40 calcium carbonate, 7'00 magnésium car¬
bonate, 2-16 alkaline sulphates and chlorldes,
and 0-84 mucus. The black pigment may be
isolated by boiling the black mass successively
with water, hydrochloric acid, and dilute solu¬
tion of ammonium carbonate. It is a black,
inodorous, and tasteless substance, quite insoluble
in water, alcohol, and ether, but remaining sus-
pended in water for a very long time ; its déposi¬
tion may, however, be aceelerated by addition of
acids or sal-ammoniac. It dissolves in warm

caustic potash solution, forming a dark-brown
solution, from whieh it is precipitated by sul-
phuric and hydrochloric acids, but not by nitric
acid. It dissolves also in ammonia, but not in
alkaline carbonates.

The pigment is prepared by saturating the
dried native sepia with a little caustic lye, then

adding more lye, boiling the liquid for half an
hour, filtering, precipitating with an acid, washing
the precipitate, and drying it at a gentle heat:
It is of a dark-brown colour and fine grain.

Os sepice, Meerschaum, or White fish-bone, is
the caleareous shell lying within the back of the
cuttle-fish. It consists of two layers; the upper
thin, but very compact, while the lower is
thicker, but porous. The upper layer contains,
according to John, 80 per cent, calcium car¬
bonate with traces of phosphate, 9 gelatinous
substance, insoluble in water and in cold lime-
water, 4 water, and traces of magnesia. The
lower layer contains 85 calcium carbonate with
traces of potash, 4 gelatinous matter, and 4
water, with traces of magnesia. Forchliammer
found in Os sepiœ 0-10 per cent, magnésium car¬
bonate.

Os sepiœ is used as tooth-powder, for polisb-
ing, and for modelling for fine gold articles ; it
was formerly used as an internai remedy in cases
of goitre (Watts' Dict. 5, 234, 1869 éd.).

SEPTARIA (from septum, ' a division '),
called anciently ludus Helmontii (the quoits of
Van Helmont, from their form), are argillo-
calcareous concrétions intersected by veins of
calcspar, whieh, when calcined and ground to
powder, form an excellent hydraulic cernent.

From the regular arrangement of cracks in
septaria, whieh generally assume pentagonal
forms resembling in appearance the divisions in
the shell of a tortoise, they have received the
common name of ' turtle stones ' or ' fossil
tortoises.' The turtle stones found in the Ox¬
ford clay at Weymouth, when eut into slabs and
polished, form very handsome tables. The
number of veins of calcspar, upon whieh their
beauty dépends, renders these turtle stones un-
fit for forming an hydraulic cernent, in consé¬
quence of their furnishing too great a quantity
of lime when calcined. Septaria fit for furnish¬
ing cernent are dredged in large quantifies in
Chichester harbour and ofï the coast of Hamp-
shire, and are also procured from Harwich,
Sheppey, and several other places. A stratum of
septarian stone, forming the Broad Bench on
the coast of Dorsetshire, aiïords an excellent
cernent and is largely quarried (Ure). (F. also
Cehents.)

SERPENTINE. A rock mueh used as a

décorative stone, and often popularly called a
' marble.' It has about the same hardness and
density as ordinary marble, but is usually
tougher and does not possess a crystalline
texture. Essentially, it is a hydrous magnésium
silicate, with more or less iron. An analysis of
Lizard serpentine (sp.gr. 2-59) by J. A. Phillips,
gave—siliea, 38-86 ; alumina, 2-95 ; ferrie oxide,
1-86 ; ferrous oxide, 5-04 ; nickel oxide, 0-28 ;
chromic oxide, 0-08 ; magnesia, 34-61 ; potash,
0-33 ; soda, 0'77 ; water, 15-52 (P. M. [3] 51,
1871, 101). Rammelsberg regards the pure
minerai as having the formula H2Mg3Si,08 + H20
(Zeit. deutsch. geol. Gesel. 21, 1869, 98).

Serpentine, as a rock, usually exhibits dark
shades of green and red, variously clouded and
blotched, like the skin of a serpent, whence its
common name, as also the term ophite (iïipis, a
serpent), by whieh it is sometimes known. The
rock may be veined with steatite, or rendered
more or less porphyritic by inclosed crystals ofIRIS - LILLIAD - Université Lille 1
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bastite or bronzite, or may contain garnets,
usually altered to kelyphite or clilorite, as may
be well seen in the pyrope-bearing serpentine of
Zôblitz, in Saxony. The beauty and variety of
its colours have led to tbe extensive use of
serpentine for vases and otber ornamental
objects. It is also employed for mantel-pieces
and architectural columns, but the rock is
usually so broken up by joints that it is difficult
to procure slabs of large size. "VVhile valuable
for indoor décoration, it is apt to yield on ex-
posure to the atmosphère, gradually losing
lustre and presenting an eroded surface. From
its refractory behaviour on exposure to beat, it
is sometimes employed in the construction of
ovens. It has also been used as a source of
certain magnésium salts, such as the sul-
phate.

Serpentine has been extensively worked in
tbe Lizard district in Cornwall, but not else-
where in Britain, tkough it occurs in Anglesea,
in Ayrshire, and in Banffshire. The British
serpentines have been specially studied by Prof.
Eonney ; an excellent account will be found
in Teall's 'British Petrography,' 1888, 104.
On the Continent, serpentine has been worked
for centuries at Zôblitz andelsewherein Saxony.
It is also wrought in the Vosges and in the de-
partments of the Hautes Alpes, Lot, and Aveyron
in France ; while in Italy the most famous
locality is at Prato in Tuseany, which yields a
dark-green variety known as verde di Prato,
resembling when polished an antique bronze,
and hence largely used for statues &c.

A fine translucent variety, known as noble or
precious serpentine, of oil-green or yellowish-
green tint, is worked at Snarum, in Norway.
Pseudomorphs of serpentine after olivine, oc-
curring at this locality and retaining in some
cases a nucleus of the original minerai, first
snggested that serpentine might be an alteration-
product of olivine. It has been shown by Sand-
berger, Tschermak, Bonney, Both, and others
that most serpentines have been derived from
peridotites, or rocks rich in olivine, though other
minerais, such as hornblendes. and pyroxenes,
may also be converted into serpentine. The
microscopic structure of serpentine frequently
reveals its origin ; thus a hornblende-serpentine
shows the characteristic cleavage of the original
minerai in lozenge-shaped lattice work, while an
augite-serpentine has frequently a rudely rect-
angular network of cleavages, and an olivine-
seipentine an irregular mesh-structure corre-
sponding with the fissures in the primitive
minerai. J. D. Dana has shown that serpentine
may be produced from a great range of minerais,
as testified by the pseudomorphs from the Tilly
Poster mine, Putnam Co., New York (Am. S.
[3] 8, 1871, 371). F. E. Becker has traeed the
origin of certain Californian serpentines to the
altération of felspar and other minerais (U. S.
Geol. Sur., Mon. 13, 1888). On the conversion
of dolomite into serpentine v. Dobbie and
Henderson, Proc. B. S. Ed., 11, 1882, 606. T.
Sterry Hunt has argued in favour of the origin
of serpentine bj' the reaction of soluble silicates
on the magnésium salts of natural waters
(Trans. B. S. Canada, 1 [4] 1883, 163). For
American serpentines v. Merrill in Smithsonian
Eep. for 1886, part 2, 361.

Several varieties of serpentine have reeeived
distinctive names. Picrolite is the term ap-
plied to the minerai when presenting a eolumnar
or fibrous structure, while an asbestiform variety
with silky fibres is known as chrysotile. Much
of the minerai used in the arts under the name

of asbestos, or amianthus, occurs in veins
running through serpentine, especially in Canada,
and is really chrysotile (v. B. H. Jones, Asbestos,
London, 1890). Serpentine with a lamellar
structure is termed marmolite, and a shaly
variety of dark-green eolour from the Antigorio
valley in Piedmont is known as antigorite.
Williamsonite is a translucent apple-green
serpentine, found in limited quantity at a
ehromite mine in Chester Co., Pa., and eut as
an ornamental stone. An exceptionally hard
serpentine, termed Bowenite, has been mistaken
for jade, and MacMahon has shown that the so-
called jade of Afghanistan is of this character.
(Min. Mag., 9, 1890, 187).

Serpentine frequently carries chrome iron-
ore ; and crystals of ehromite and picotite are
common microscopic inelosures in the rock.
Native copper also occurs in serpentine, and
large masses upwards of a ton in weight were
obtained many years ago from fissures in ser¬
pentine at the Trenance mine, near Mullion, in
Cornwall.

It is not uncommon for serpentine to be
intimately associated witb limestone or dolomite,
forming a rock known as ophicalcite, ophiolite, or
serpentinous marble. The composite rock, being
variegated with green and white colours, is
prized as an ornamental material, but on ex¬
posure to atmospheric influences a differential
action is set up, and the surface becomes un-
equally eroded. The famous Verd antique is a
brecciated ophiolite [v. Makble).

F. W. R.
SERUM ALBUMIN v. Albusiinoids.
SERUM GLOBULIN v. Albuminoids.
SESAME OIE. Gingelly or Gingili oil ; teel,

til, leni or henné oil. This important oil is
principally prepared from the seeds of the
Sesamum indicum (India), and the Sesamum
orientale (Levant), a small quantity being also
obtained from the Bignonia tomentosa of
Japan.

The composition of the two first is as fol-
lows :

Levant India
Oil . . 55-63 50-84
Organic substances other

than oil . 30-95 35-25
Ash . . 7-52 6-85
Water . 3-90 7-06

100-00 100-00

The seeds from the Levant are brownish or

black, and are preferred to the yellowish seeds
from India, both on account of the extra
quantity obtained and of the finer quality of
the product.

The oil is usually expressed in three opéra¬
tions. The first pressure gives (in the case of
the Levant seeds treated in Marseilles) 30 p.c. of
the finest oil. The second pressure, which is
performed after the mass has been softened with
cold water, gives a further 10 p.e., also of fine
quality, and the third pressure, after treatment
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of the residue with steam or hot water, gives 10
p.c. of oil of ' ordinary ' quality.

Sesamé oil is of a fine golden-yellow colour,
almost odourless, of a mild flavour, and having
but little tendenoy to become ranoid. It re-
sembles ootton-seed oil, and is used on an im¬
mense scale to adulterate or replace olive oil.
It is also used as an illuminant and for soap-
making, and is said to be the source of the soot
employed in making Indian and Chinese inks.

Sesamé oil is said to be frequently adulter-
ated with ground-nut oil.

It contains about 76 p.c. of olein in addition
to myristin, palmitin, and stearin, and a small
quantity of a resinous (?) substance soluble in
alcoliol or glacial acetic acid.

The spécifie gravity of sesamé oil at 15° to
15-5°C. is 0921 to 0-922. The oil expressed from
the seeds congeals at about — 5°C. ; thatremoved
by solvents congeals at about + 5°C.

German sesamé oil or camelina oil, is pre-
pared from the seeds of Camelina sativa (gold
of pleasure) and of Camelina dentata. Its spé¬
cifie gravity at 15°C. is 0-925 to 0'926, and its
congealing point is —15°C.

The seeds give 10-20 p.o. of oil by cold
pressure, a total of 23-25 p.c. when hot pressed,
and 28 p.c. by extraction. Their average com¬
position is :—

Oil 29-50
Organic substances other than oil 56-58
Ash 6-12
Water 7-50

100-00

The oil consists of glycerides of oleic and
palmitic acids, and also contains erucic acid and
an acid allied to linoleic acid. It is prineipally
employed as a lamp oil and for soap-making.

SHALE OIL v. Paraffin oil.

SHANGHAI OIL. A variety of colza oil v.
Olls and fats.

SHEA BUTTER. A vegetable fat made in
West Africa by boiling the kernels of the nuts of
Bassia Parkii. It is a greenish-white substance,
melting at 43°, and readily soluble in alcohol and
ether. Consists mainly of a glyceride of oleic
and stearic acids free from palmitic acid.

SHELLAC v. Lac resins, art. Resins.
SHODDY. The term ' Shoddy ' is intended

to apply to ail artificially-recovered wool, although
there is no exact English équivalent to the
German ' kunstwolle,' which includes ail the
recovered material from mungo, shoddy, and
' extract,' or wool from mixed goods. The in-
dustry was introduced from England into Ger-
many by Gustav Kôber in 1851 at Cologne, and,
after some early struggles, fiourished at Mann-
heim, spreading thence to ail parts. To Kôber
is due the method of separating woollen from
vegetable fibres by treatment with sulphuric
acid. In such a manufacture the collection,
sorting, and cleaning of the raw material are of
much importance, but présent little technical
interest. The séparation of vegetable fibres
calls, however, for a more detailed account.
Two processes are in use, the wet and the dry ;
in the former the raw material is soaked in
sulphuric acid of 4°-7°Bé. for 12 hours, the
greater part of the acid removed from it in a

centrifugal machine and dried at 40°-50°C.,
after which it is carbonised at 90°-95°C. In
the latter it is treated with gaseous liydrochloric
acid. In either case the carbonised vegetable
fibre is beaten out. The recovered wool felts
badly.

It is estimated that at least 100-150 million
kilos, of recovered wool are produced yearly in
Europe. Ten years ago only 34 p.c. of the cloth
made in England was prepared from pure new
wool and 9 p.c. of woven fabrics, and these
figures are considerably too high for the présent
state of the trade (J. Harzfeld, Chem. Zeit. 14,
903-904 ; S. C. I. 9, 935).

SIEMENS STEEL v. Ikon.
SIENNA v. Pigments.
SILEX, SILICA v. Silicon.
SILICATE COLOURS v. Paints and Pig¬

ments.
SILICATE PAINTS v. Paints and Pigments.
SILICEOUS CEMENTS v. Cements.
SILICON. Symbol Si. At. wt. = 28-33 (Thorpe

and Young, C. J. 1S87 [Trans.] 578). Silicon
never occurs in nature in the free state, but
abundantly as silica and metallic silicates. It is
obtained by reducing the chloride or fluoride, and
is known in three modifications—amorphous,
graphitoidal, and crystalline.

1. As amorphous silicon, it was first obtained
byBerzelius (1823), by heating dry potassium
or sodium silicofluoride with about an equal
weight of potassium or sodium respectively.
The metallic fluoride formed is well washed
with cold and tben with hot water.

2. It may also be prepared by passing the
vapour of silicon chloride over potassium or
sodium heated in porcelain trays in a glass
tube lined with mica.

3. By electrolysis of a fused mixture of potas¬
sium fluoride and silicofluoride.

Thus obtained it is a dull-red powder, in¬
soluble in water, and in nitric and sulphuric
acids, but readily soluble in hydrofluoric acid
and in warm potash.

It is fusible in a non-oxidising atmosphère
at a température between the melting-points of
steel and cast-iron, but burns brilliantly in pré¬
sence of air and oxygen, silica being formed. It
is a non-conductor of electricity, and soils the
fingers.

It is deposited by the electrolysis of a fused
mixture of 300 grains of 97T p.c. potassium car¬
bonate and 442 grains of potassium fluosilicate
(Gore, C. N. 50,113).

Graphitoidal silicon is obtained by heating
strongly amorphous silicon in a platinum cru-
cible (Berzelius).

Shining metallic scales resembling graphite
were also obtained by Deville on treating the
aluminium contaminated with silicon, which he
obtained by electrolysing the sodium aluminium
chloride with hydrochloric acid, which dissolves
out the aluminium.

When aluminium is mixed with from 20 to
40 times its weight of potassium fluosilicate, and
the mixture heated to the melting-point of silver
in a Hessian crucible, a metallic button is ob¬
tained which yields graphitoidal silicon on suc¬
cessive treatment with hydrochloric and hydro¬
fluoric acids, in hexagonal tables with curved
edges (Wôhler, C. R. 42, 48).IRIS - LILLIAD - Université Lille 1
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It is also obtained by fusing 1 part of alu¬
minium with 5 parts of glass free from lead, and
10 parts of powdered oryolite, the mass being
treated successively with kydrochloric and hy¬
drofluoric acids. Density = 2-49. Is not altered
in oxygen at a white heat, but burns brilliantly
when heated to redness with potassium carbon¬
ate, silica being formed. With nitrate and
chlorate of potassium it fuses without altération
at a red heat, but at a white heat it burns bril¬
liantly, especially when a little potassium car¬
bonate is présent. It is unattacked by acids,
except by a mixture of nitric and hydrofluoric
acids. It is soluble in strong potash or soda,
and burns in chlorine when heated to redness,
forming silicon chloride. It combines with
fluorine at ordinary températures forming silicon
tetrafluoride.

Crystalline or adamantine silicon was ob¬
tained by Deville on heating silicon, in a plati-
num crucible lined with lime, to a température
between the melting-points of steel and cast-
iron. It is thus obtained in dark steely grey
globules, sometimes yielding double six-sided
pyramids (Deville, A. Ch. [3] 49, 68)

When vapour of silicon fluoride is passed
over aluminium fused in an atmosphère of hy-
drogen, a portion of the aluminium volatilises as
chloride, and the remainder becomes saturated
with silicon. At the point of saturation the

! excess of silicon is separated in large beautiful
needles of dark iron-grey colour, reddish by re-
flected light, and iridescent. The form is de-
rived from a rhombic octahedron, and the crys-
tals often exhibit curved faces. They are capa¬
ble of cutting glass.

Another and easier method is to heat at a

red heat in an earthen crucible a mixture of 3

parts potassium fluosilieate, 1 part of sodium in
small pièces, and 4 parts of granulated zinc.
The heat must not be sufficiently high to volati¬
lise the zinc. The mass of zinc thus obtained
contains the silicon in the form of long needles.
The zinc is removed by fusing, and then by
hydrochloric, and, lastly, by boiling nitric, acid
(Deville and Caron, A. Ch. [3] 63, 26 ; ibid. [3]
67, 441 ; Eobins, C. N. 5, 102). It appears that
silicon is retained by aluminium up to 1300°C.,
but is given up at a température approaching
themelting-pointof aluminium (Hautefeuille and
Perry, C. E. 100, 1220). For the estimation of
silicon in iron and steel, v. Marston, C. N. 29,
107 ; Troost and Hautefeuille, Ann. RI. 1874,4,1 ;
Drown, C. N. 40, 40; Haswell, D. P. J. 237,
314 ; Drown and Shimer, C. N. 42, 299 ; F.
Watts, C. N. 45, 279 ; D. P. J. 248, 213 ; Tur-
ner, C. J. Trans. 1884, 260 ; ibid. 1885, 577,902 ;
ibid. 1887, 129 ; Jordan and Turner, C. J. 1886,
130 ; ibid. 18S6, 215 ; Strick, D. P. J. 262, 384 ;
Morgan, C. N. 56, 82 ; Gautier, C. E. 103, 1137).

Silica. Silicic acid, silex, Si02.
The only known oxide of silicon occurs abun-

dantly in nature, pure, or nearly so, in quartz,
flint, chalcedony, hornstone, jasper, opal ; some¬
times crystalline, sometimes amorphous. It
enters largely into the constitution of sand-
stones, felspar, and many other rocks.

It may be artificially prepared :
1. By burning silicon in air or oxygen.
2. By the action of water upon silicon fluoride

a gelatinous hydrate is obtained which yields

pure anhydrous silica on ignition as a fine white
powder.

3. By decomposing alkaline silicates. The
silicate, in fine powder, is added in small por¬
tions at a time to fused sodium potassium car¬
bonate ; the mass is further heated, allowed to
cool, and treated with dilute hydrochloric acid.
On evaporating the solution thus obtained, the
silica separates out as a gelatinous hydrate, from
which anhydrous silica may be prepared as
above by ignition. It is further digested with
sulphuric acid to remove titanic oxide, freed
from the acid by décantation, and again dried
and ignited.

It occurs in nature both crystalline and
amorphous, the crystalline variety having a
sp.gr. between 2-5-2-8, the amorphous from
1-9-2-3, the crystalline being also the harder.

It is infusible except at very high tempéra¬
tures, but melts to a transparent glass in the
oxyhydvogen flame, or in that of a burner fed
with oxygen, and may be drawn out into long
threads.

It is non-volatile, but is said to volatilise
when heated very strongly in a current of steam
(Gmelin, Handb. 3, 355).

It décomposés fused sodium carbonate and
melts to a transparent glass. It is insoluble in
fused microcosmic sait. It is insoluble in
water and ail acids except hydrofluoric acid,
which décomposés it into water and silicon
fluoride. The gelatinous hydrate obtained by
decomposing silicon fluoride with water dis¬
solves, however, in large quantities of water.

Silica dissolves readily, as a rule, in caustic
alkalis, forming solutions of the alkaline silicate
(water-glass). Hyalite dissolves more slowly
than the other varieties, and quartz requires
boiling or an increased pressure.

Amorphous silica in fine powder and gelati¬
nous silica dissolve partially in alkaline car¬
bonates, the silica being deposited on cooling
in the form of a jelly containing some of the
alkali. It is on this aceount that most spring
and river waters contain traces of silica.

Silica is decomposed at a red heat by potas¬
sium into potassium silicide and silicate; by
carbon in presence of iron, copper, or silver, at
a white heat, carbon monoxide and a métairie
silicide being formed.

Silicic acids. Four silicic acids are usu-

ally stated to exist, viz. :
Orthosilicic acid, H4Si04
Rletasilicic acid, H2Si03
Polysilicic acid, H4Si3Os
Disilicic acid, H2Sl.O,.

Polysilicic acid may be regarded as eomposed of
metasilicic and disilicic acids: H„S205 + H2SiO,
= H,Si3Os (Groth).

On the other hand, orthosilicic acid and
polysilicic acids may combine together to form
metasilicic acid : H4Si04 + H4Si.,Os = 4H,Si03 -,
and disilicic acid may be regarded as polysilicic
acid from which orthosilicic acid bas been ab-
stracted : 3H4Si3Oa — H4Si04 = 4H.,Si203 (Becker,
Am. S. 38, 154).

Metasilicic acid, H20.Si02 or H2Si03, is ob¬
tained as a gelatinous precipitate when an acid
is added to the solution of an alkaline silicate.

If a dilute solution of the alkaline silicate be
poured into a large excess of hydrochloric acid,
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the silica remains in solution, but may be pre-
cipitated by neutralising the acid.

A solution of hydrate of silica (soluble silica)
may be obtained from the above by dialysing
the solution in liydrochloric acid by means of
parchment-paper. If a stratum § of an inch in
depth be subjected to dialysis for four or five
days, the hydrochloric acid and ehlorides gradu-
ally but completely diffuse into the water.

The solution in the dialyser contains 5 p.e.
silica, and it may be concentrated by evapora-
tion to 18 p.c. The solution is tasteless, limpid,
and colourless, with a slightly acid reaction.
The solution is difficult to preserve, as it readily
coagulâtes. Hydrochloric acid and small quan¬
tités of potash or soda retard the coagulation.

Sulphuric, nitrie, and acetic acids are with-
out action upon it; but carbonic acid, and a
trace of any soluble alkaline or earthy car¬
bonate except ammonia and its salts, solutions
of gelatine, alumina, and ferrie oxides coagulate
it ; alcohol, sugar, gum, and caramel do not.

The solution evaporated at 15° in vacuo
leaves the silica as a transparent, glassy, lus-
trous hydrate containing 21-99 p.c. -water (Gra-
ham, T. 1861, 204).

The coagulation of colloid silica is accom-
panied by an évolution of heat equal to 11-8 cals.
(Wiedemann and Lûdeking, A. Ch. [2] 25, 145).

The following hydrates were obtained by
Wôhler :—

1. Leucone Si3H405 may be regarded as the
hydrate of a monoxide, 3Si0.2H„0, produced by
the action of water on chryseone under the in¬
fluence of light.

It is best prepared by lieating crvstalline
silicon to redness in chlorine, and passing the
resulting compound into water. It is then
washed, pressed, and dried over sulphuric acid.
It is a snow-white, amorphous, bulky substance,
lighter than water, permanent at ordinary tem¬
pératures, not being altered at 300° ; more
strongly heated it gives ofï hydrogen. Heated
in the air it glows with a bright light, depositing
silica. It is slightly soluble in water, but the solu¬
tion gradually décomposés. It is readily soluble
in caustic alkalis and carbonates, with évolution
of hydrogen and formation of silicate. When
freshly prepared it is a powerful reducing agent
(Wôhler and Buiï, A. 104, 101; Wôhler, A.
127, 257).

2. Chryseone or silicone Si4H403 (?) is pre¬
pared by digesting calcium silicide in fine powder
with fuming hydrochloric acid in a closed' vessel
in a dark place for several hours, till hydrogen
is no longer evolved. The liquid is then largely
diluted with water and filtered. The residue is
washed and dried over sulphuric acid in vacuo
in the dark.

Chryseone forms orange-coloured laminœ,
insoluble in water, silicon tetrachloride, phos-
phorus trichloride, carbon bisulphide, and al¬
cohol. It darkens on lieating, and at a higher
tempertaure burns with a slight détonation and
scintillation. When mixed with the next com¬

pound (7) it detonates on heating in a tube,
giving off spontaneously-inflammable silicic
liydride. Heated to 100° by itself or with water
it becomes paler.

It remains unaltered in the dark, in diffused
daylight it becomes paler, and in direct sun-

shine, even under water, is converted into leu¬
cone with évolution of hydrogen.

It is not attacked by chlorine or strong acids,
but is soluble with évolution of heat in hydro-
fluorie acid. It is decomposed by alkalis, and
in the presence of an alkali reduces many me-
tallic salts.

The results of analysis correspond partly
with the formula Si4H403 and partly with
Si0H6O4 ; according to the first its formation may
be represented thus :—

2CaSi„ + 4HC1 + 3H20 = Si4H403 + 2CaCl3 + 3H2.
It may be regarded as the hydrate of a tetra-

silicic oxide, Si40.2H30.
y. Si4Hs05 = Si40.4H„0. This compound,

which differs from chryseone by two molécules of
water, is produced by the action of cold dilute
hydrochloric acid upon calcium silicide. It
forms colourless transparent nacreous laminœ,
which take fire spontaneously in air and burn,
leaving brown silica (Wôhler, A. 127, 257 ; J.
1863, 205).

Hydrated silica may also be prepared by
pouring dilute oxalic acid upon a solution of an
alkaline silicate in an inclined vessel. A layer
of transparent silica forms at the surface of
contact after several months. The silica thus
obtained possesses the properties of hydrophane.
It is transparent, very hard, being capable of
scratching glass, has much hygrométrie water,
of which it gives off ail but 9-13 p.c. at 30-35°,
becoming opaline. It is singly refractive, and
possesses a density = 2-03-2-07 (Monier, C. E. 86,
1318).

The gelatinous silica formed by pouring
dilute solution of water-glass into hydrochloric
acid may be completely washed with water
without loss of cohérence. It is thus obtained
perfectly pure as a translucent gelatinous mass,
which dries up in the air to a substance resem-
bling hyalite, splitting up into large and small
particles. Hygroscopic, sp.gr. immediately after
ignition = 2-323, which is that of tridymite.

The silica thus obtained has been used as a

membrane in dialysis (Ullik, B. 11, 2124). Le
Chatelier finds that on dialysing a solution of a
silicate with an alkaline solution of alumina a

precipitate is formed, consisting of silica or
alumina, according to which was in excess (Le
Chatelier, C. E. 78, 1046).

Soluble silica is readily obtainable by boiling
8 grms. methyl silicate with 200 grms. water
with a reversed condenser, and evaporating the
liquid to J to 'expel the methyl alcohol. The
solution thus obtained contains 2-26 p.c. of
anhydrous silica (Grimaux, C. H. 98, 1434).

For hydraulic silica and its functions in
cements v. Laudrin, C. E. 96, 156 and 379.
Hydraulic silica is the name given by Laudrin
to silica precipitated from potassium silicate,
well washed, and ignited at a dull-red heat.
This, when mixed with lime, sets under water.

For the action of silica upon alkaline haloid
salts v. Gorgeu, C. E. 102,1164.

Artificial quartz and tridymite have been
prepared by Chroustchoff, J. M. 1887, 205;
C. 11. 104, 602).

Silica gradually absorbs lime from lime-water,
forming (3Si02,4Ca0), the maximum absorp¬
tion being between 36 and 38 parts lime for one
équivalent of Si02. The absorption is most
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rapid with soluble silica. Silica from hydrofluo¬
silicic acicl absorbs lime more slowly than the
hydraulic, gelatinous, or soluble varieties (Lau-
drin, C.K. 96, 841).

A sériés of experiments performed by Kreuz-
hage and Wolff show that silica acts like phos¬
phoric anhydride in greatly assisting the assimi¬
lation of other plant foods ; and the authors
suggest the possibility of supplanting phosphoric
by silieic acid in artificial manures (Kreuzhage
and Wolff, L. V. 30, 161, 198).

The deprivation of silica in the cultivation
of maize produces no degeneration in the plants,
which can be cultivated through several généra¬
tions under similar conditions (Y. Jodin, C. E.
97, 344).

Hydrated silica dissolves readily in ortho-
phosphoric acid ; the solution deposits crystals
in forms varying with the température at which
the déposition takes place (Hautefeuille, C. E.
99, 789).

When a concentrated solution of phosphoric
acid, containing about one-fourth of the quantity
of silica necessary to saturate it, is heated to
125° for a week, a hydrated silicon phosphate
of the composition Si02,P205.4H,0 is obtained
(Hautefeuille and Margottet, C. R. 104, 56).

For compounds of silica with metaphos-
phoric acid v. Hautefeuille and Margottet, C. E.
96, 1052.

The following sériés of hydrates has been
obtained by Merz : Si02,H20, Graham's mono¬
hydrate ; 2Si02,H20, by repeated washings and
drying for six weeks at 20-25°C. ; 3Si02.H20, by
drying above at 60°, or after prolonged" desicca-
tion over sulphuric acid ; ISiO^HX) (very
instable), at 80-100° ; 8Si02.H20, dried at 250°-
270° (Merz, J. pr. 99, 177 ; v. also Gottlieb,
J. pr. [2] 6, 185).

The hydrate obtained by the action of moist
air on silicon tetrachloride has the composition
9Si02.4H20, according to Langlois (J. 1858, 140).

Ammonia dissolves small quantities of arnor-
phous silica, both gelatinous and ignited, even
pulverised quartz being dissolved.

100 parts of aqueous ammonia, containing
10 p.c. NH3, dissolve

Crystal. silica . . . 0'017 parts
Amorphous, ignited . . 0-38 „

„ hydrate . 0-21 „

„ gelatinous . 0-71 „

(Wittstein, J. 1866, 192) ; v. also Pribram (Fr.
6,119), Souchay (Pr. 1872, 182).

Silicon fluoride SiF4 is formed by the action
of hydrofluoric acid upon silica or a silicate. It is
prepared by heating a mixture of fluorspar and
sand or glass in fine powder, with strong sul¬
phuric acid, the gas being collected over mer-
cury in dry glass jars. It is a colourless gas,
possessing a suffocating odour. It neither burns
nor supports combustion, and fumes strongly in
the air. Under strong pressure it liquéfiés
(Faraday), and solidifies to a white amorphous
mass at —140° (Natterer), or at —102°, accord¬
ing to Olszewski (M. 5, 127).

SiP4 is readily absorbed in large quantities
by water being at the same time decomposed
into silica and hydrofluosilicic acid, according to
the équation 3SiF4 + 2H.0 = 2(2HF,SiF4) + Si02,
the décomposition of an équivalent of water
evolving 22-34 cals, according to Hammerl

(C. E. 90, 312), 25-8 cals, according to Gunta
(A. Ch. [6] 3,1-66).

Aqueous alkalis and alkaline earths décom¬
posé il, precipitating part of the silica and form-
ing a fluosilicate of the métal, as is the case with
potash, or precipitating the whole of the silica
and forming a metallic fluoride, as is the case
with soda.

Many anhydrous metallic oxides absorb silicon
fluoride, becoming hot, and sometimes taking
fire.

Potassium and sodium do not act until
melted, when they blacken and burn with a
dark-red flame, yielding a dark-brown brittle
mass (Gay-Lussac and Thénard).

Silicon fluoride combines with twice its
volume of ammonia-gas, forming a volatile crys-
talline compound (2NH3)SiF4, which is decom¬
posed by water in the following manner :

2((NH3)„SiF4) + 2H..0
= 2NH4F + (NH4)2SiF6 + Si02

(J. Davy). It is absorbed by absolute alcohol
forming fluosilieic alcohol, a mixture of tetre-
thylic silicate and hydrofluosilicic acid (Knop
and Wolf, C. C. 1861, 82 ; J. 1861, 207).

Silicon subfluoride, probably a trifluoride,
has been prepared as a white, very light powder,
by passing the tetrafluoride over silicon heated
nearly to the softening point of porcelain. With
water it yields a hydrated oxide similar to that
obtained from the trichloride (Troost and Haute¬
feuille, C. E. 73, 563).

Hydrofluosilicic acid. Silicofluoric acid
H„SiF0 or 2HF.SiF(. An acid produced by the
action of water on silicon tetrafluoride.

The apparatus employed for the préparation
of SiF.„ as above, is connected with a perfectly
dry tube dipping under mercury at the bottom
of a glass jar. The jar is then filled with water,
and heat applied to the mixture in the flask.
The object of first passing the gas through
mercury is to prevent the tube being stopped up
by the déposition of silica. Each bubble of gas
is decomposed as it cornes in contact with the
water, hydrofluosilicic acid being formed, which
remains in solution, and silica, which forms a
siliceous envelope round each bubble. It is
separated from the acid solution by filtration.

An easier method of préparation is to dissolve
silica in hydrofluoric acid.

Hydrofluosilicic acid in concentrated solution
is a very sour, fuming liquid, which gradually
evaporates at 40° without leaving any residue in
platinum vessels.

It does not attack glass unless evaporated
upon it.

The sp.gr. of an aqueous solution increases
regularly with its strength, as shown below:
Per oent. of

FLSiFa
0-5 .

1
1-5 .

2
5

io :

sp.gr.
at 17-5°

1-004
1-008
1-012
1-0161
1-0407
1-0834

(Stolba, J. pr. 90, 193).
Metallic fluosilicates are obtained by the

action of metallic oxides, hydrate or carbonate,
upon the above acid.
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Silicon hydride SiH4. First obtained, mixecl
with hydrogen, by Wôhler and Buff (A. 102,
128 ; 103, 218 ; 104, 94 ; 107,112 ; J. 1857,166,
and 1858, 142). When a wire or plate of alu¬
minium containing silicon is connected with tbe
positive pôle o£ a Bunsen's battery of 8 or
12 cells and made to décomposé a solution of
sodium chloride, the aluminium dissolves as
chloride, and the gas formed escapes in bubbles,
which take lire as they escape into the air,
burning with a white light and emitting white
fumes, the hydrogen being obtained from a
secondary décomposition of the water.

The gas is likewise prepared from a silicide of
magnésium, obtained by heating a mixture of
40 parts of fused magnésium chloride, 35 parts
dry sodium fluosilicate, and 10 fused sodium
chloride with 20 parts of sodium in small frag¬
ments. The mass thus obtained contains, ac-

cording to Wôhler, two silicides of magnésium,
one of which yields silicon hydride on treatment
with hydrochloric acid or sal-ammoniac, the
other yielding only hydrogen and hydrated silica.

The gas as thus obtained by Wôhler and Buff
is colourless, spontaneously inflammable, in¬
soluble in de-aërated water, but deeomposed
over water containing air.

It is readily deeomposed by chlorine, and by
potashwithincrease of volume; not deeomposed
by dilute acids, nor by soda nor ammonia.

Forms précipitâtes of silicides of copper and
silver from solutions of the metallic salts, and
throws down metallic palladium, free from
silicon, from chloride of palladium.

Is without action on lead acetate or platinum
chloride.

May be obtained in the pure state by the de-
composition of triethyl silicoformate by sodium.
The action of sodium has not been explained :
4SiH(OC2H5)3 = SiHJ + 3Si(OC2H6)1. Thus ob¬
tained it is a colourless gas, agreeing in cha-
racter with that described by Wôhler and Buff,
but not spontaneously inflammable, exeept when
gently heated under reduced pressure or when
mixed with hydrogen.

A hot knife-blade is suffleient to inflame the
bubbles of gas as they rise over mereury, and
the mereury becomes sufficiently heated to set
lire to the succeeding bubbles (Friedel and
Ladenburg, Bl. [2] 7, 322). It is deeomposed
by potash : SiH4 + 2KHO +1120 = K2Si03 + 4H2.

Silicon hydride prepared from magnésium
silicide forms a solid and liquid compound with
bromine, the former crystallising in needles.

With iodine it forms SiHI3 and Sil4. It is
also deeomposed by the chlorides of sulphur,
phosphorus, antimony, and tin (Mahu, Z. [2] 5,
730).

The heat of combustion of one équivalent
of silicon hydride in oxygen is 324-3 cals., being
less by 24-8 cals, than the heat of combustion
of its constituents.

The union of silicon and hydrogen is accom-
panied by the disengagement of 24-8 cals. (Ogier,
C. E. 88, 91).

At — 11°C. it is liquefied under 50 atmosphères,
its critical point being situated about 0° ; at
— 5°C. it is liquefied under 70 atmos. ; at — 1°C.
it is liquefied under 100 atmos. ; at 0°C. is
gaseous under from 150 to 200 atmos. (Ogier,
C. E. 88, 236).

It is deeomposed by the electric current,
hydrogen being liberated and a yellow substance
deposited, probably SiH3. This ignites on per¬
cussion and burns when heated in air. Burns
also in chlorine (Ogier, C. B. 89, 1068).

Silicon tetraehloride SiCl4. Formed when
silicon is heated in chlorine gas. Also prepared
by heating finely-powdered silica made into a
paste with oil and charcoal in a covered crucible,
and igniting the charred mass in a porcelain tube
through which a current of chlorine is passed.
Or by heating a deflagrated mixture of silica and
magnésium powder in chlorine gas.

The product is colleeted in a vessel sur-
rounded by a freezing mixture.

It is a colourless, transparent liquid, sp.gr. ^
1-52408, and boiling at 58-58-3° (Thorpe, C. J.
1880, 237).

Silicon tetraehloride remains liquid at - 20CC.
(Serullas). It is deeomposed by water into hy¬
drochloric acid and silica, and by potassium
when heated in the vapour, silicon being formed.

If fused potassium be added to the liquid, an
explosion takes place.

When silicon tetraehloride is repeatedly
passed over fused silicon in a porcelain tube
heated to near the softening-point of porcelain,
with exclusion of air, sub-chlorides of silicon are
formed, their décomposition being prevented by
having a central eooling-tube traversed by a
stream of water at 60°. The sub-chlorides have
higher boiling-points than the tetraehloride, and
may be separated from each other by fractional
distillation (Troost and Hautefeuille, C. E. 73,
563).

Silicon trichloride Si2Cl6. Obtained by
gently heating a mixture of silicon triiodide
with mercuric chloride, rectifying, and purifying
by fractional distillation. It is a colourless,
mobile liquid, distilling at 144-148° ; solidifies
in crystals at 1°. Fumes in air, and is deeom¬
posed by water. Vapour density at 239'4° = 9'7
(Friedel and Ladenburg, A. Ch. [5] 19, 390;
Friedel, C. E. 73, 1011).

Strongly heated, it gives off a vapour, taking
fire spontaneously in the air. It is slowly de¬
eomposed when heated in closed vessels, the
décomposition being complété at 800°. It is
deeomposed by cold aqueous ammonia, and with
water at 0° forms a hydrate of the composition
Si03.H20, which reduces potassium permanganate
rapidly, and chromic acid slowly, in the cold, but
is without action on gold chloride or selenious
acid (Troost and Hautefeuille, C. E. 73, 563).

Silicon dichloride Si2Cl4. A liquid found
mixed with the above, especially when oxy-
ehlorides are présent in its formation. It is
deeomposed by aqueous ammonia, and the hy¬
drate formed by contact with water at 0° reduces
not only permanganate and chromic acid, but also
solutions of gold and selenious acid (Troost and
Hautefeuille, l.c.).

Trichlorosilicic oxide O ^g-ç}3 is obtained
by passing the vapour of silicon tetraehloride
through an exhausted porcelain tube containing
fragments of felspar, heated to near the soften¬
ing-point of felspar. On repassing the more
volatile products several times a mixture of
silicic chloride and trichlorosilicic oxide is ob-
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tained, volatilising at 70°. These are separated
by fractionating the oxyehloride passing over
between 136° and 139°. The oxygen is derived
from the felspar. The same eompound is
{ormed, together with phosphorus oxyehloride,
when silieie ehloride is passed over strongly-
heated phosphoric anhydride.

It is a colourless, fuming liquid. Vapour
density = 10-05. It is deeomposed by water
and alcohol. With the latter it forms disilico-

hexethylic ether, 0 -fcHS255!3, winch boils at
235-237°.

When 1 molecule of the oxyehloride is heated
with 3 molécules zinc-ethyl, triethylsilicic oxide
is produced, Ogjjog1)3 (Friedel and Laden-
burg, Bl. [2] 9, 35S).

Several oxychlorides are produced by the
action of the induction spark on a mixture of
the tetrachloride, trichlorosilicic oxide, and oxy¬
gen, or by passing the trichlorosilicic oxide,
together with oxygen, several times over frag¬
ments of porcelain heated in a glass tube.

The following have been separated by frac-
tional distillation :

Empirical formulœ B. P.
V. D.
at 440°

Si-OCl,
Si,OCl„ 136-139°
Si4O3Cl10 152-154°
Si20„Cl4 198-202° 15*5

Si405Cl6 About 300° 21-2

SiACL, Above 400° —

Si40,Cl Nearly (4 ?) 40° —

(Troost and Hautefeuille, C. E. 73, 563).
Silicon oxyehloride is formed, together with

dichloride, when a heated mixture of chlorine,
with one-half to one-fifth of its volume of oxygen,
is passed over crystalline silicon (Troost and
Hautefeuille, Bl. [2] 35, 360).

A eompound, called silicohydric ehloride,
Si3H4Cl10, was prepared by Wôhler and Bufï by
passing hydrochlorie acid gas over crystallised
silicon heated to low redness, the product being
condensed in a vessel kept at 0°.

It is a colourless, mobile liquid ; sp.gr. =1-65;
boiling-point, 42°. It fumes strongly in the air,
and is deeomposed by water with rise of tempéra¬
ture, hydrochlorie acid and the corresponding
hydrate, Si3H405 (leucone), being formed. It is
highly inflammable, burning with a greenish
ilame. Mixed with oxygen, the vapour ex-
plodes on the passage of an electric spark. It
may be boiled over sodium without décomposi¬
tion.

It is deeomposed when passed through a red-
hot tube (Wôhler and Buff, A. 104, 94).

Friedel and Ladenburg have shown that the
above consists of a mixture of SiCl4 and silicic
Moroform, SiHCls, which may be separated by
fractionating between 55° and 60°C. This eom¬
pound possesses ail the properties ascribed to
the silicohydric ehloride.

It has a vapour density of 4-64 (calc. 4'69).
The product of its décomposition by water is by
these authors stated to be silicic formanhydride.

Si2H203, analogous in constitution to the un-
known formic anhydride

2SiHCl33H20 = 6HC1 + (SiOH)20.
Silicic chloroform is deeomposed by chlorine

at ordinary températures, forming silicic ehloride
and hydrochlorie acid.

Bromine does not act upon it below 100°
(Friedel and Ladenburg, Bl. [2] 7, 322).

Silicon bromide SiBr4 is produced by passing,
bromine-vapour over an intimate mixture of
silica and charcoal, heated to redness in a por¬
celain tube. The product is purifïed by agitation
with mereury and distillation. Colourless liquid,
of a pungent odour. Sp.gr. = 2-813. It solidifies
at 12-15° as an opaque white mass ; b.p.
= 153-4 ; fumes strongly in air, and is deeom¬
posed by water.

It décomposés with détonation when heated:
with potassium.

Silicohydric bromide Si3H4Br10, correspond¬
ing to the ehloride, is obtained by passing hydro-
bromic acid gas over crystallised silicon and con-
densing the product. Purified by agitation with-
mereury.

It is a colourless liquid; sp.gr. 2-5; fumes
strongly in the air, and is deeomposed by water
Wôhler and Buff (A. 104, 94).

Is probably a mixture of silicon bromide and
silicon bromoform.

Silicon hexbromide Si^r^, prepared by add-
ing one équivalent bromine to a solution of the
hexiodide in carbon disulphide ; it crystallises in
rhombic plates and is not isomorphous with the
corresponding iodide (Friedel and Ladenburg,
A. Ch. [5] 19, 390).

Silicon tetriodide Sil4 is obtained by passing
iodine vapour in a stream of carbon cïioxide,
through a long porcelain tube filled with silicon
and heated to redness. The product sublimes
in the cool part of the tube as a white crystalline-
mass. To purify it, it is dissolved in carbon
bisulphide and agitated with mereury.

It crystallises by sublimation or from its
solution in carbon bisulphide in colourless trans¬
parent regular oetahedra ; melts at 120-5° to a
yellow liquid ; boils about 200°, and distils un-
altered in a stream of carbon dioxide. Vapour
density = 19-12 at 360°. The vapour burns with
a red Same, depositing iodine. It is deeomposed;
by water and alcohol

Sil4 + 2C2HsO = Si02 + 2C.,HSI + 2HI
(Friedel, A. 149, 96).

Silicon triiodide Si2ï6. When the tetriodide
is heated to 300° with finely-divided silver, a
white mass is obtained, which is purified by re-
peated treatment withsmall quantitiesof carbon
bisulphide and ultimate solution with the aid of
heat in that body.

On cooling, the tri-iodide separates out in
colourless hexagonal prisms, which fume on ex-
posure to air. It is deeomposed by potash, form¬
ing silica, hydriodic acid, and free hydrogen.

It cannot be distilled, but may be partially
sublimed, and readily décomposés.

It melts at 250° in vacuo, with partial décom¬
position.

With ice-cold water it forms a white mass

having the composition Si2H204 (silico-oxalic
acid), which may be dried at 100°, but décomposés
on heating with incandescence and loss of
hydrogen.

IRIS - LILLIAD - Université Lille 1



384 SILICON.

Gently warmed with zinc ethyl it yields on
distillation a mixture of silioon tetriethyl, b.p.
150-154°, and silicon triethyl, b.p. 250-253°,
whieh may be separated by fractionation (Friedel
and Ladenburg, C. B. 68, 920 ; Z. [2] 5, 289).

Hydrosilicic iodide is the name given by
Wôhler and Buff to a compound formed by pass-
ing hydriodie aoid over heated crystalline silicon
(A. 104, 99).

This lias been shown to be a mixture of
silicic iodide, free iodine, and silieie iodoform
SiHI3 by Friedel and Ladenburg.

Silicic iodoform was preparod by them by
passing hydriodie acid mixed with hydrogen
over crystalline silicon.

It condenses together with free iodine, from
whieh it may, with diffieulty, be separated by dis¬
tillation.

It is a colourless, strongly refracting liquid ;
sp.gr. = 3-362 at 0°, 3 314 at 20° ; b.p. = 220°.
It is decomposed by water in a similar manner
to silicic chloroform (Friedel and Ladenburg,
C.B. 68, 920; Z. [2] 5, 289).

Silicon hexiodide SiJs. Prepared by heating
silicon tetriodide with finely-divided silver in
sealed tubes at 290-300° for several hours.

Si2Ie deposits on cooling in small hexagonal
prisms, fuming in moist air, soluble in potash,
hydrogen being evolved.

They may be fused in vacuo at 250°, under-
going partial décomposition (Friedel and Laden¬
burg, A. Ch. [5] 19, 390).

Silicon chlorobromides. A trichlorobromide
SiCljBr is obtained by the action of bromine
upon silicic chloroform. It is a colourless,
fuming liquid, boiling at 80° and decomposed by
water. A dichlorobromide SiCyBr, is also formed
in the above reaction, and is found amongst the
products boiling at 100° (Friedel and Ladenburg,
A. Ch. [4] 27, 416).

The trichlorobromide is also obtained with-
out the second product by the action of Br upon
the trichlorosulphydrate (Friedel and Ladenburg,
l.c.).

SiCIBr., was obtained by Beynolds from the
tetrabromide (C. J. 1887, 590).

When pure dry thiocarbamide in fine powder
is gently warmed with silicon tetrabromide, dis-
sol ved in benzene, combination slowlytakes place,
a compound being formed of the composition
SiBr,8(CSN2H4) (Beynolds, C. J. 1887, 202).

Silicon sulphide. The disulphide SiS2 is
produced by passing the vapour of carbon di¬
sulphide over a mixture of silica and lampblack
made into balls and ignited. Silicon disulphide
is deposited in the cold parts of the tube in
asbestiform needles. It décomposés rapidly in
contact with moist air, or aqueous vapour, form-
ing hydrosulphuric acid and silica. Alcohol
and ether act upon it in the cold. Nitric acid
décomposés it, separating sulphur, and forming
silica and sulphuric acid. Hydrogen has no
action upon it (Fremy, A. Ch. [3] 38, 314).

SiS2 is formed when dry E^S is passed over
crystallised silicon at a red heat, in fine white
needles. A yellow sublimate is formed at the
same time, probably consisting of Si3S4 (Saba-
tier, Bl. [2] 38, 153). Heat of formation of SiS2
= + 40-4 cals. (Sabatier, C. B. 90, 819).

A silico-hydric sulphide Si4H9S5, correspond-
ing to the oxygen-compound y, is formed by the

action of aqueous sulphurous acid mixed with a
little hydroehloric acid upon calcium silicide.
It separates in reddish-brown laminœ. It is
dried in vacuo, and purified by treatment with
carbon bisulpliide. It smells persistently of sul-
phuretted hydrogen, burns like gunpowder, and
explodes violently (with incandescence) when
heated in a tube. With ammonia it gives off hy¬
drogen, and is converted into a mixture of silica
and sulphur (Wôhler, A. 127, 257).

A sulphochloride of silicon was obtained by
Pierre, who gave it the formula Si3S.,Cl9, by pass¬
ing a mixture of silicic chloride vapour and dry
sulphuretted hydrogen gas through a red-hot
porcelain tube, distilling the product, and colleet-
ing what passed over at 90°-100° (Pierre, A.
69, 73).

Friedel and Ladenburg assign to it the
name silicon chlorosulphydrate and the formula
SiCl3SH or silicic mcrcaptan. It is a colourless
liquid, boiling at 96°, deeomposing on exposure
to the air into hydroehloric and sulphydric
acids and silica. With alcohol, in the proportion
of 3 mois, alcohol and 1 mol. of the body, it
forms SiSH(OC„H3)3, but an excess of alcohol
converts it into silicic ether Si(C2H50)4.

With bromine it forms a trichlorobromide
(Friedel and Ladenburg, A. Ch. [4] 27, 416 ; v.
also Bl. [2] 7, 472).

SiS is formed together with SiSO, when
carbon bisulphide is passed over silicon at a
white heat. If the contents of the tube are

treated with potash and hydrofluoric acid, a
greenish powder is obtained having the compo¬
sition Si4C4S, whieh is converted into Si4C402 by
heating in a current of oxygen (A. Colson,
Bl. [2] 38, 56 ; C. B. 94, 1526).

Silicon nitride. Obtained by Deville and
Wôhler by the action of ammonia on silicic
chloride, and by exposing crystalline silicon to
an intense heat in nitrogen or atmospheric air.
It is a white amorphous infusible mass, whieh
does not oxidise even on ignitionwith air, and is
insoluble in ail acids except hydrofluoric, whieh
forms with it ammonium silicotluoride. It yields
ammonium carbonate when ignited in a stream of
aqueous vapour and carbon dioxide, and décom¬
posés slowly, evolving ammonia in moist air. It
is not acted on by aqueous alkalis. Fused with
potassium hydrate, potassium silicate and am¬
monia are formed. Fused with potassium car¬
bonate, it yields potassium silicate and cyanate.
It reduces red oxide of lead with incandescence.
Its composition has not been ascertained (De-
ville and Wôhler, A. 104, 256 ; 110, 248).

By heating crystalline silicon with gas-carbon
in a blast furnace, a mixture, consisting of
silica, together with a white and green substance,
is formed. The green product is insoluble in
hydrofluoric acid, and has the composition
(SiN)x. It is insoluble in water and caustic
alkalis, but is dissolved by caustic potash at
a red heat, potassium silicate being formed,
hydrogen and ammonia being evolved. The
white substance is soluble in hydrofluoric acid,
and cannot be prepared in the pure state. Its
composition is probably Si3N4 (Schiitzenberger,
C. B. 89, 644).

When crystallised silicon is heated in a por¬
celain tube in an atmosphère of pure nitrogen a
white mass is obtained, from whieh, by treat-
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ment with potash and hydrofluoric acid, a com-
pound having the composition Si2N3 is obtained
(Schiitzenberger and Colson, C. E. 93, 1,508).

SiCO is formed as a greenish powder when
the residue obtained after heating crystallised
silicon to whiteness in an atmosphère of carbonic
acid is treated with hydrofluoric aoid to remove
silica. It is insoluble in acids and alkalis and
oxidises with incandescence when heated with
litharge (Schiitzenberger and Colson, C. E. 93,
1508).

Si2C2N is obtained when silicon (cryst.) is
heated to whiteness in a brasqued crucible. It
is a green-blue pulvérulent mass, insoluble in
acids or alkalis, and beeomes incandescent when
heated with litharge. It is also formed when
crystallised silicon is heated in a current of
cyanogen, or with carbon or a carbonaceous sub¬
stance in an atmosphère of nitrogen (Schiitzen¬
berger and Colson, l.c.).

When crystallised silicon is heated in a por-
celain tube in an atmosphère of pure nitrogen,
a white mass is obtained, from which Si2N3
may be prepared by treatment with caustic pot-
ash and hydrofluoric acid.

Si5N6Cl2 is formed as a white powder when
the product of the reaction of dry ammonia upon
silicic chloride is heated to redness in a current
of hydrogen. On heating this to redness in a
current of ammonia it loses chlorine, and is con-
verted into Si2N3H (Schiitzenberger and Colson,
Le.).

SiC02 is formed when ethylene or hydrogen,
saturated with benzene, is passed over silicon in
a porcelain tube. It is a whitish powder, un-
acted on by acids, chlorine, or oxygen.

Si2C30 is formed when carbonic acid is used
in the above reaction instead of ethylene. Si2C302
is also known. Si2C.,02 is obtained by heating
Si(C4S (q. v.) in a current of oxygen (A. Colson,
Bl. [2] 38, 56; C. E. 94, 1526).

Metallic silicides. Silicon unités directly
with aluminium, iron, zinc, platinum, and some
other metals ; not, however, with sodium, nor
with lead or potassium. It dissolves in alu¬
minium and zinc when heated, and separates
out on cooling.

Calcium silicide (CaSi2) is prepared as fol-
lows : 300 grs. of graphitoidal silicon and 3,000
grs. calcium chloride are intimately mixed in
a hot mortar; the mixture is next agitated
with 350 grs. sodium in small pièces, and intro-
duced into a red-hot crucible containing a little
fused common sait, and the whole covered with
350 grs. sodium, and lastly with a layer of fused
and powdered common sait. The cover is put
on, and the crucible heated to the melting-point
of cast iron for half-an-hour. On cooling, the
calcium silicide is found as a fused button, and
must be preserved out of contact with air. It
has a metallic lustre, lead-grey colour, scaly,
crystalline structure ; it crumbles on exposure to
air. It is converted in chryseone by hydrochloric,
acetic, or dilute sulphuric acids (Wohler, A. 126,
257).

Cerium silicide, CaSi, is deposited, together
with potassium, at the négative pôle when a
mixture of potassium fluoride and cerium oxide
fused in a porcelain crucible is subjected to elec-
trolysis. The potassium is removed with water,
and cerium silicide remains as a brown powder,

Yol. III.—T

insoluble in acids, buraîng with a reddish flame:
The silica is obtained from the crucible (Ulik,
Z. [2] 2, 60).

Copper silicides.
A white silicide is formed in the préparation

of silicon when silicon chloride vapour is passed
over sodium heated in copper trays. It is very
hard to the file.

Another silicide is obtained, containing 12
parts silicon to 88 parts copper, when potassio
fluosilicate, sodium, and copper turnings are
fused together. It is white, brittle, and more
fusible than silver.

A third silicide is obtained by fusing the
above with a larger quantity of copper. It con-
tains 4-8 p.c. silicon, possesses a fine light bronze
colour, is malléable, less hard than iron, and
very ductile (Deville and Caron, A. 104, 232;
A. Ch. [3] 67, 455).

A dark copper-coloured copper silicide is
formed when copper sulphate is precipitated by
siliciuretted hydrogen. It is readily oxidised,
is decomposed at once by nitric acid, copper
being deposited ; it is soluble in hydrochloric
acid, and decomposed by potash and am¬
monia.

Magnésium silicide. When magnésium
chloride, sodium chloride, sodium fluosilicate,
and metallic sodium are fused together for the
préparation of siliciuretted hydrogen, the mass,
besides free silicon, contains two magnésium
silicides, one of which yields siliciuretted hydro¬
gen when treated with sal ammoniac or hydro¬
chloric acid, whilst the other yields hydrogen
and silica (Wohler, l.c.).

Platinum silicide. Platinum and silicon
unité readily, forming a very fusible com-
pound.

Potassium silicide. According to Berzelius,
this body is formed when potassium fluosilicate
is heated with potassium in the préparation of
silicon. According to Deville, however, this
is merely a mixture of potassium and free
silicon.

Iron silicide. Silicon is almost always pré¬
sent in cast iron, owing to the deoxidation of
silica in smelting. In white cast iron the amount
varies from 0T to 0'5 p.c. ; in grey, from 0-5 to
3 p.c. Iron obtained by the hot blast contains
more than that produced by the cold blast.

Manganèse silicide. Wohler has prepared
silicides of manganèse containing silicon, vary-
ing from 11-4, 11-7, and 13 p.c., by fusing to¬
gether manganèse chloride and fluoride with
silica or silicate or fluosilicates in varying pro¬
portions (A. 106, 54).

A silicohydric selenide, analogousto Si4Hs05,
was prepared by Wohler by treating calcium
silicide with selenious and hydrochloric acids.
It has the colour of cinnabar, smells of seleni-
uretted hydrogen, is decomposed by ammonia,
and splits up on heating into hydric selenide
and sélénium (Wohler, A. 127,257 ; J. 1863.205).

For the organic compounds of silicon v.
Watts' Dictionaby or Chemistey, new ed. by
Morley and Muir.

SILICON BE0NZE v. Tin.
SILK (Soie, Fi. ; Seide, Ger. ; apparently de-

rived from the Chinese Si, or Corean Soi—the
name of the silkworm) is the filament which the
silkworm winds around itself as it assumes the

C C
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chrysalis condition. It is a viscous sécrétion of
the Caterpillar, contained in two sacs, running
one on each side throughout the length ol the
body. At the appointed time this is emitted
through a twin-orifiee in the under-lip, and im-
mediately on contact with the air assumes a
perfect hardness, the worm enveloping itself in its
folds by a constant motion ol the head. The silk-
worm from which the silk of commerce is mostly
obtained is the mulberry-leeding larva of Bombyx
mori, although many other caterpillars produce
silk threads; owing to disease among the Euro-
pean stock, mueh attention has recently been
turned to the latter. Of these it would appear
that the Tussah worm Antherœa pernyi, feed-
ing on various species of oak, ailanthus, &c.,
most nearly satisfies the requirements of the
trade.

The thread is of varying thickness, according
to the kind of worm produeing it, and according
to its position in the cocoon ; but it may be taken
as about one-thousandth part of an ineh in dia-
meter, and greatly exceeding any other textile
fibre in strength.

The constituents of silk fibre are fibroin,
coated with silk albumen or sericin and coloured
ceraceous matter.

Fibroin C,5H23N5Oli is a substance allied to
horny tissue, and is obtained by exhausting silk
with boiling water, alcohol, ether, and acetic
acid successively. The silk after this treatment
is very white, soft to the touch, and destitute of
lustre. Fibroin when calcined emits the odour
of burnt horn. By dry distillation it yields a
large, quantity of carbonate of ammonia, water,
empyreumatic oil, and an abundant residue of
eharcoal. It does not dissolve in ammonia or in
alkaline carbonates, but is soluble in sulphuric
acid, hydrochloric acid, nitric acid, and phos-
phoric acid.

Sericin C.jHjjNjOs is a gelatinous substance,
soluble in weak alkaline solutions and in hot
water, with which, on cooling, it forms a strong
jelly. It is preeipitated as a white powder by
alcohol. The yellow eolouring matter of raw
silk consists of chlorophyll, more or less altered
and deprived of its blue constituent. From the
greenish cocoon unaltered chlorophyll may be
extracted. For the cultivation and manufacture
of silk v. Ure, vol. iii. ; Ency. Brit. 9th ed. vol.
xxii. 56.

SILK GREEN. Chrome greenv. Ghbomium;
also Pigments.

SILVER. Ag (Argentum). At. wt. 107-66.
The knowledge of this métal dates from
the remotest antiquity, and the earliest records
refer to its use as a médium of exchange.
In colour, silver is whiter than any other
common métal or alloy, and it is capable of
receiving a brilliant polish. It crystallises
in the cubical system, and fine oetahedra are
occasionally observed. When subjected to me-
chanical stress, silver is very ' tough ' and pos-
sesses a somewhat high tensile strength, a wire one
square millimétré (0-0016 square inch) in section
breaking at 0°C. under a stress equal to 17*27 tons
per square inch. At higher températures the
tensile strength diminishes, being 14-19 tons per
square inchat 100°C. and ll-33tons at 200°C. The
métal is exceedingly malléable—more so, indeed,
than any other métal except gold. It may be

hammered into leaves but îj^of an inch in
thickness, and a single grain of it may be drawn
into a wire 400 feet in length. It is hardened
by hammering or rolling, but recovers its
malleability by annealing at a low heat. Silver
is slightly harder than gold (2§), and is con-
siderably softer than copper. Its spécifie
gravity is variously given at from 10-304 to
10-6139, according tothemethods of préparation
and treatment. When molten, it has the spécifié
gravity 9-461. The spécifie heat of silver is
0-05701, and Pionchon gives the latent heat of
fusion at —24-72 calories for 1 gramme. Silver
has a higher conductivity for heat and electricity
than has any other métal, and has therefore
been adopted as the standard for comparison.
If the conductivity of the hard-drawn wire is
taken as 100, that of the annealed wire will be
110. Silver melts at 954°, and may readily be
volatilised, the volatilisation conrmencing in a
current of hydrogen at about the melting-point
of copper. When in the form of a very thin
film, silver appears transparent, and transmits
blue light.

The softness of silver and the conséquent
' wear ' of the métal when in use, led even in
very early times to the addition of some other
métal for the purpose of hardening it, and thus
rendering it more suitable for commercial pur-
poses. Such a hardening eiïect is produced by
copper, and the silver coins of Britain from
Saxon times to the présent day have eonsisted
of such an alloy in the proportion of 925 parts
of silver to 75 of copper.

Silver ornaments, in the course of hundreds
of years, are found to become crystalline and
very brittle, the spécifie gravity diminishing eon-
siderably, but the métal résumés its original pro-
perties on annealing. When molten, silver
absorbs 22 times its volume of oxygen, but on
solidification the whole of this is liberated again
with the exception of 0-7 volume. Com-
paratively small quantifies of foreign metals
prevent this occlusion of oxygen.

Silver ores.—The following are the more
important: Native silver 97-99-8 p.c. Ag; the
antimonide (dyscrasite), Ag,Sb-AgBSb ; the
telluride (hessite), Ag2Te; the sulphide (ar-
gentite), Ag,S ; brittle silver ore (stephanite),
5Ag2S,Sb2S3-68-3 Ag; ruby silver ore (pyrar-
gerite), 3Àg2S, Sb.,S3 - 60Ag ; light-red silver ore
(proustite) 3Ag.,S,As,S3-65-4 Ag ; polybasite
(Cu2S,Ag.2S)9(Sb2S3,As2S3)-64-72 Ag and 10-3
Cu; fahl ore (grey copper ore), either a com-
plex antimonio-sulphide, arsenio-sulphide, or
antimonio - arsenio - sulphide, containing vari¬
able quantities of silver, occasionally exceed¬
ing 30 p.c.; stromeyerite, Cu.,S,Ag2S-53T Ag;
horn silver, AgCl ; the iodide and bromide ; and
amalgams of varying composition.

Most ores of lead contain silver ; indeed, this
métal is of such constant occurrence with lead,
that ores of the latter métal form one of the
main sources of production of silver. Silver is
also frequently présent in ores of zinc and
copper, and considérable quantities of the pre-
eious métal are annually derived from this
source. It is also found occasionally in ores of
iron. In the following table some of the more
important silver ores are arranged according to
their relative degrees of hardness :—

IRIS - LILLIAD - Université Lille 1



SILVER. 387

Name Colour Lustre Streak Hardness Sp.gr.

Horn silver Grey, brown, green Resinous White, light grey n 5-3-5-6
Tellurides . Light grey, iron black . Metallic Light grey, iron black .

Dark grey, lustrous
14-24 7-5-9-4

Argentite . Grey black . JJ • 24 7-2-7-4

Polybasite . Iron black . JJ • Iron black . H 6-1-6-3
Stephanite. JJ JJ • • JJ Grey black. % 6-3
Proustite . Cochineal red Adamantine . Cochineal red 5-4-5-6

Pyrargerite. Dark red JJ JJ Brown red, cherry red . 3 5-7-5-9
(Amalgam . Silver white Metallic Grey .... 3} 10-8)
Dyserasite . JJ' JJ •

Steel grey .

JJ • JJ • • • • H 9-7
Tetrakedrite JJ • Grey, black. H 4-5-5-2

In view of the widespread présence of silver
in otlier ores, its metallurgy is, perhaps, more
variée! than that oi any other métal. Thus cer¬
tain of the ores of silver are readily decomposed
by tnercury direct, wliilst others must first be
submitted to a preliminary metallurgical treat-
ment before being amalgamated. Others, again,
are altogether unsuited for treatment by mer-
cury, and smelting in admixture with ores of
lead or of copper must be adopted, or a ' wet '
process must be employed.

These various processes may be classified as
follows :—

I. Amalgamation.
II. Wet processes.
III. Treatment by metallic lead.
IV. Smelting in conjunction with ores of

lead or of copper, or with iron pyrites.
Amalgamation methods dépend on the de-

composing action exerted by mercury on certain
compounds of silver and gold, together with the
solubility of these metals in the mercury used in
the process. If, then, the precious metals exist
in the ore to be treated in some form whieh is
not readily attacked by mercury, some prelimi¬
nary process is neeessary for the purpose of
changing this into another form which mercury

. will readily décomposé. In the case of silver,
this subsidiary process usually consists in
roasting with common sait at eleyated tempéra¬
tures, but in one of the older methods a mixture
of common sait and a sait of copper is em¬
ployed, which produces the same effect at a tem¬
pérature not exceeding that of a tropical sum-
mer. This process, the Mexican patio process,
is, at présent, of minor importance, and may
soon be of little more than historieal interest.
It is still, however, in use in Mexico and South
America, and deserves to be mentioned. It is
stated to have been invented by Bartholome
Médina, a native of Pachuca, Mexico, in 1557,
and has undergone practically no change since
that date. The ore, as it cornes from the mines,
is first broken down to a small size in a stamp
battery of primitive type, and is then ground to
a fine powder in an ' arrastra,' a circular space
12 or 15 feet in diameter paved with hard stone.
In the centre of this arrastra is a pivoted vertical
beam supporting a sériés of horizontal arms.
These arms are eonnected by thongs to heavy
stone blocks, and are caused to revolve, usually
by mule power. The grinding of the ore
charged into such an appliance is effective,
though slow. If much free gold and silver
or halogen compounds of silver are présent,
mercury is charged into the arrastra for the

purpose of collecting the precious metals at this
stage.

The next stage of the process is to eonvey
the finely-ground ore, when in the form of a
thick mud, to the ' patio,' or amalgamating
floor, which consists, as a rule, of a circular
paved space some 40 or 50 feet in diameter.
On this the ore mud is spread to a tliickness of
about a foot, from 3 to 5 p.c. of common sait is
added, and is well mixed with the ore by being
trodden in by mules driven round and round
over the heap. Various mechanical devices
have been invented to do away with the use of
mules for this purpose, but, the process having
survived mainly through its simplicity, these
mechanical mixers have never corne much into
use. After the sait has been stirred in, about
a day being occupied in this manner, mercury
and ' magistral ' are added. Magistral consists
mainly of a mixture of the sulphates of copper
and iron, and is usually produced by roasting
copper pyrites in a reverberatory furnace. The
following are analyses of such a product :■—

CuSO, CuO FeSO. Fe„0, SiO„
I. 9-03 5-00 6-75 18-75 60-47
II. 19-00 5-50 14-80 25-80 34-90

The magistral is scattered evenly over the
surface of the heap, and is then thorougkly in-
corporated with the ore by mixing it in with
wooden shovels. The heap is stirred at intervais
for some days. Mercury is next sprinkled over
the mass under treatment, in the proportion of
from 6 to 8 parts of mercury for every 1 part of
silver présent. Immediately after the addition
of the mercury, the mass is again trodden and
stirred for about two hours. A hot solution of
copper sulphate is then added to the pile, the
quantity so added being the larger the more
sulphur, arsenic, antimony, and zinc are présent.
Copper precipitate is also added in the propor¬
tion of one part of copper to five of the sulphate.
The heap or ' torta ' is again trodden for some
hours. The reactions in the ' torta ' commence

immediately after the addition of the magistral,
but some days elapse after the addition of the
mercury before the reaction is complété. Fresh
mercury is then sprinkled over the charge, and
the amalgam is collected by stirring the mass,
with the addition of water, in a settler. The
amalgam collects at the bottom of the settler, is
run off, pressed, and the solid amalgam treated
as in the case of Gold (g. v.).

The reactions in this process are very compli-
cated, and have given rise to much discussion.
They may possibly involve the formation of the

o c 2
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ohlorides of oopper, which, in tnrn, react on the
sulphides, sulph-arsenides, and other compounds
of silver présent, forming silver chloride, which is
then reduced by the mercury added. The forma¬
tion of silver chloride lias, however, been denied.
(For a full account of this process and its modi¬
fications, see Egleston, Metallurgy of Silver,
Gold, and Mercury in the United States, 1887,
vol. i. 261, &c.)

Another form of amalgamation, which is
now only occasionally employed, is the barrel
process. This appears to have originated at
Freiberg, in Saxony, and was in use there until
1866, when it was abandoned in favour of smelt-
ing with ores of lead. In its main features the
process consists in (1) crushing and grinding
the ore ; (2) roasting the crushed ore with sait ;
(3) amalgamating the roasted ore in barrels ;
and (4) collecting and distilling the amalgam,
and melting the resulting métal. The ore as it
cornes from the mine is put through some form
of drying furnace—usually a rotating cylinder—
and is then passed through a Blake, Dodge,
or other form of crushing machine. It is next
roasted with sait, or is first subjeeted to a fine
grinding. The roasting is performed in the
sarne manner as in 'pan amalgamation,' the
various silver compounds being changed by this
treatment into silver chloride. The roasted ore

is then charged into a sériés of barrels mounted
on trunnions and capable of being rotated. A
charge for a barrel would consist of about
2,000 lbs. of ore, and from 60 to 150 lbs. of
iron scrap. Water is then immediately added,
in quantity just sufficient to moisten the ore,
and the barrel is rotated at the rate of about 12
to 14 turns a minute for a period of some 4 hours.
The rotation is then stopped, and the charge of
mercury is introduced, a small quantity of cop-
per sulphate being also occasionally added.
About 2 lbs. of mercury is added for every ounce
of silver contained in the ore. The rotation is
then recommenced and continued for some 16
hours, when, if it is found that the mercury has
been well and evenly disseminated through the
pulp, the barrel is nearly filled with water, and
again rotated, in order to collect the mercury.
If, however, when the barrel is first opened, tlie
mercury is found to have collected in a body, and
not to have disseminated itself through the
charge, a further period of rotation will be ne-
cessary, and it may be désirable to thicken the
pulp. On the other hand, the rotation may have
been too long, and the mercury may have be-
come floured. In this case fresh mercury must
be added and the barrel rotated, with the view
of collecting any mercury that may have been
too finely divided by the previous treatment.

After filling the barrel with water, the rota¬
tion is continued for about an hour, when the
mercury and amalgam at the bottom of the
barrel are run off. Fresh mercury (about 100 lbs.)
is then charged in, and the barrel again rotated
slowly for an hour, with a view to collect any
additional mercury that may have been retained
in the pulp. This second charge of mercury is
then drawn off as before, and the remainder of
the contents of the barrel is discharged into a
settler, a vessel provided with some means for
stirring, sueh, for instance, as rotating arms.
Any residual mercury collects here, and the rest

of the ore residues is either subjeeted to a further
concentration, or is allowed to flow away.

The amalgam is strained and retorted in the
ordinary manner, the mercury being used again
for the next charge, as that portion derived from
the straining of the amalgam contains appréci¬
able quantities of silver, and, it may be, gold.

The barrels used in this process may have
the following dimensions : length and diameter,
each 4J feet. They may be made with staves
5 to 54 inches wide, and 3j to 6 inches thick,
hooped and tied with iron.

The Cazo process forms an intermediary stage
between the arrastra and the more modem pan
process. Like the latter, it consists in treating
the ore to be amalgamated in a receptacle pro¬
vided with a métal bottom; but it alsoresembles
the former to some extent in its général eha-
racter. The ore to be treated is first ground
fine in an arrastra. Instead, however, of béing
then amalgamated in the patio it is transferred
to a receptacle having a copper bottom, heated
from below. The charge consists of a very
variable quantity of ore, made into a paste with
water, some 5-10 p.c. of sait being also added.
Heat being supplied, mercury is charged in, and
the mass stirred for some hours, until the amal¬
gamation is believed to be complété. After dilu¬
tion with water and settling, the mercury is
drawnoff and the slimesaretransferredto settling
tanks. After settling, the slimes may be treated
over again in a patio. This process is still em¬
ployed at, perhaps, the largest silver mine in
South America—at Huanchaca ; and a descrip¬
tion of the process as there employed will be
found in the Oesterreichische Zeitschrift fur
Berg- und Hûttenwesen, vol. xxxviii. (1890),
269.

AU these older forms of amalgamation have
now, in the great majority of cases, given place
to the simpler form of ' pan ' amalgamation.

In this process the ore is broken down to a
size suitable for treatment (with water) in a
stamp battery by the aid of a stone crusher, and
is then crushed to a variable degree of fineness,
a 30-mesh screen being usually employed. The
fine mud passing through the screens is aUowed
to deposit in a sériés of settling tanks, being
sometimes in the first instance passed over amal¬
gamated copper-plates, to coUect any free gold
that may be présent.

The mud deposited in this manner is then
charged into iron ' pans,' in which it undergoes a
further grinding, followed by amalgamation.
These pans are of very varied form. Gradually,
however, the more complicated varieties have
been replaced by others of more simple con¬
struction. In principle they aU consist of a
fixed and a rotating iron plate, which may be so
arranged as to serve either for grinding or for
mixing the ore with mercury. Through the
centre of the bottom and fixed plate rises a hol-
low pillar, within which is an upright shaft, pro-
jecting above the pillar, and giving motion to
the upper and revolving grinding-plate. Both
this plate and the fixed one are provided with
réversible wearing faces—' shoes ' and ' dies.'
This arrangement is shown in the accompanying
diagram of the Patton pan (fig. 1). The char-
ging is.performed by raising the upper revolving
plate—the ' muller,' with its ' shoe '—setting it
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in motion, and then running in a little water
and the mud from the settling-tanks, the charge
being brought to the consistency of a thick paste.
The pan is usually provided with a hollow jacket
or bottom, into which steam can be injected ;
and this is done at this stage. The muller is
now lowered sufiieiently to grind the charge
against the bottom plate, and the grinding is

lower part of the pan into a larger pan of some-
what similar form, termed a ' settler.' This
differs from the ' pan,' in that it carries instead
of a revolving grinding surface a rcvolving stirrer.
In this settler the charge is largely diluted with
water, and, the stirrer slowly revolving, the
mercury collects and ' settles ' at the bottom.
Whilst, however, the dilution should be complété
enough to allow the mercury to eollect, if it be
carried too far the coarser particles of the mud
will also settle—and this must be avoided. The
settlers are usually arranged immediately below
the pans, in such a mànner that the settler re-
ceives the contents of two pans. The arrange¬
ment of pan and settler is shown in figs. 2, 6,
7, 8, and 9.

Fig. 2 shows the arrangement of the expéri¬
mental plant at the Royal Collège of Science.

The mercury collected in this mannér is
either taken to a smaller or ' olean-up ' pan,
where it receives a further treatment with water
to free it from grit and to clean the mercury, or
is taken direct to strainers—conical canvas bags
—where the fluid amalgam is strained away from
the richer solid amalgam remaining on the
strainers. The fluid amalgam passing through
the strainers, representing the saturated solution
of the solid amalgam in the excess of mercury
employed, is relatively poor in the precious
metals. This is returned to the pans for the
next charge.

The solid amalgam is pressed to free it from
any remaining mercury, and is then ' retorted ' in

Fia. X.

continued until the pulp when rubbed between
the finger and the thurnb shows little trace of
grittiness. When this stage lias been reached
(in two or three hours) the muller is raised a
little and mercury is charged in. It is évident
that the more finely disseminated is the mercury
in the charge of ore the more perfect will be the
amalgamation; and this is best accomplished
by squeezing the mercury— in part, at least—
through a bag in such a manner as to allow it to
fall in a sériés of fine jets towards the outer
edge of the revolviDg muller. The charge of
mercury varies considerably, a portion remain¬
ing, as a rule, continuously in the pan through-
out the campaign, a separate addition being
made with each charge.

The raising of the muller during the amalga¬
mation stage is for the purpose not only of
allowing it to aet as a stirrer, but also to avoid
the réduction of the mercury to such a degree of
fineness as to prevent its recovery in the third
stage of the process—to prevent, that is, the
' flouring ' of the mercury.

The amalgamation stage lasts for two or
three hours. If properly performed, a portion
of the ore taken from the pan and rubbed with
the finger on a flat piece of wood should then
show some small globules of mercury. When
the amalgamation is deemed complété, water is
charged into the pan, and, the muller being
raised still further and kept in révolution, the
charge is brought to the condition of a thin mud.
This is then run off through an orifice at the

iron retorts, the mercury condensed in water-
cooled pipes, and the silver and gold, which still
retain some mercury, melted down in crucibles,
and cast into bars.

The thin mud escaping from the settler is
usually re-treated in a larger form of settler,
termed an ' agitator,' and is then passed over
blanket sluiees, vanners, or other similar arrange¬
ments for the purpose of collecting the heavier
pyrites, usually rich in gold and silver, and some
of the mercury which may have been too finely
disseminated to admit of its being collected in
the settler.

Tbe above is a description of the process in its
simplest form. It has, however, one important
modification, and several minor ones. Amongst

Fig. 2.
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these latter may be mentioned the customary
addition of a small quantity o£ copper sulphate
and oommon sait to the charge in the pan. It
is difficult to understand the action of this addi¬
tion chemically ; possibly, however, it may consist
in aiding in the formation of an amalgamated
surface on the iron of the pan exposed to the
action of the charge, or in assisting in keeping
the mercury ' lively.' Another consists jn the
occasional use of copper sides to the pan in
cases where ores very rich in copper are being
treated, and which would otherwise cause a rapid
corrosion of an iron pan. The important modifi¬
cation of the process referred to consists in first
drying the ore, followed by a roasting opération,
by which, sait being added, the silver sulphide
and other compounds présent in the ore are con-
verted into chloride, a compoundwhich is readily
treated by the pan process. This roasting pro¬
cess nécessitâtes the use of dry-crushing stamps,
instead of the wet-crushing stamps otherwise
employed, and thus greatly reduces the ' capacity '
of the mill for a given number of stamps, to
about one-half or one-third. Again, the roasting
process may in itself occasionally lead to con¬
sidérable loss in gold, owing to the conversion of
th e gold intosome form soluble in water, andwhich

Fie. 3.

escapes complété réduction in the after-treatment
in the pans. The silver, too, if an insuffieient
quantity of decomposable sulphates is produeed
in the roasting, may not be completely con-
verted into chloride, but this roasting process
will be further dealt with when describing the
leaching process for the treatment of silver ores.

The dry process possesses the advantage over
the simpler wet process of a largely increased
yield of the precious metals contained in the ore,
but against this must be placed increased cost of
treatment and the largely reduced capacity of
the plant, aceompanied by an increased first
cost. It is évident, therefore, that the choiee of
one or other of the two processes must dépend
not only on the nature of the ore to be treated,
but to a very large extent on the local conditions
under which such treatment would have to be
carried out.

Difficulties conneeted with the water supply
frequently render it necessary to place the mill
at some distance from the mine. The transport
of the ore from the mine to the mill is tben

effected either by teaming, by a tramway, or by
a wire ropeway. In mountainous régions this
latter is frequently préférable. There are various
Systems. In the Otto System the buckets run on
a fixed rope, and are drawn forwards by a lighter
haulage rope as is shown in fig. 3.

A général view of the ropeway when erected
is shown in fig. 4.

Fig. 4.

The ore is delivered from the buckets to the
stone-crusher. This is best placed immediateiy
above the ore-bins, into which the crushed ore
falls by gravity. The stone-crusher is usually
a modification of the Blake type, fig. 5.

When ore-bins are not erected the crusher is
placed behind the stamps as is shown in fig. 9,
or behind fast-running and fine-erushing rolls
when these are used in the place of a stamp
battery. For coarse crushing silver ores rolls
possess some advantages over a stamp battery,
which have already been referred to (v. Gold).

The ore-bins in a wet-crushing mill deliver
the crushed ore directly to the stamps. In a dry-
crushing mill the ore is delivered to the drier,
which is placed above and behind the stamps,
the main aim in designing the position of the
plant being to diminish the hand labour required.
The position of the various portions of the plant
in a wet and in a dry crushing pan amalgamation
mill is shown in détail in figs. 6, 7, 8, and 9.
For these designs the writer is indebted to
Messrs. Commans & Co., of London, E.C. ; fig. 6
is a dry-crushing mill. In this no bins are
shown, the ore delivering on a floor immediateiy
above the self-feeder of the stamp battery (either
a direct carrier or a shaking table worked by tlie
stamps).
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Fig. 7 shows the front view of a dry-crushing
min, and fig. 8 a plan.

Fig. 9 is a section through a mill arranged
for wet-crushing.

Instead of the blanket sluices and vanners,
to which reference has been made, as a means
for saving the heavy sulphides escaping in the

in the case of ores containing tetrahedrite (grey
copper ore) rich in silver, attempts at wet concen¬
tration are almost always failures, except in
those cases in which a buddle is employed, but
even this does not always give satisfactory
results in the treatment of such ores, the tetra¬
hedrite floating.away with the tailings.

With regard to the machinery in use, the
stamps in a wet-crushing mill are arranged as in
a battery crushing auriferousquartz, though the
screens used are, ns a rule, somewhat coarser.

crushing mills their position is in front of the
settling tanks. Pans are sometimes made wholly
of iron, but they have frequently wooden sides,
occasionally protected on the outside by sheet
iron. A five-foot pan, 40 inches deep, with
wooden staves, weighs about 6,500 lbs., whilst
if made entirely of iron it will weigh about
7,000 lbs. They may be made in sections
not exceeding 300 lbs. in weight, for mountain

ER. 391

tailings from the agitators, the Cornish buddle,
fig. 10, may be employed with advantage.

The buddle, too, is occasionally of very great
importance as affording a possibility of effeeting
the concentration of a silver ore in cases when
more modem appliances, such as the Frue
vanner, give very unsatisfactory results. Thus

The various remarks relating to a stamp battery
in the article on Gold are, therefore, equally
applicable in this case. When the battery is
crushing dry, the whole of the screens are covered
in, and the crushed ore conveyed away by belts
or screw conveyers. Fig. 11 shows the arrange¬
ment of a dry-crushing battery which would be
provided with such a screw conveyer.

Thepaws have a capacity of from 1,500 lbs.
to 4,000 lbs. In dry-crushing mills they are
placed in front of and below the stamps ; in wet-

transport. In opération, the charge is made
into a very thick paste, sometimes almost as
thick as the muller will move in; the tem¬
pérature of the charge is kept at from 80° to
95°C. To secure the best grinding the pulp
should be thin, to secure the best amalgama¬
tion it should be as thick as honey ; it is there¬
fore better to have the pulp somewhat thin at
the beginning and thickened towards the end of

Fio. 6.
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the grincling. The charge is usually in the pan
about five hours. The quantity of mercury
charged varies with the mode of opération and
with the richness o£ the ore, from about 200 to
500 lbs. It is usually about 10 p.c. of the weight
of the ore, and is pressed into the charge in a

Fia. 8.

fine stream, either through canvas, or through
a strainer, as already described. A little sodium
or zinc is sometimes added to ' quicken ' the
mercury, and potassium cyanide is also used for
this purpose. The loss of mercury is about
2 lbs. per ton of ore. The pan loses in weight
by the wearing down of the shoes and dies &c.

about 7 to 10 lbs. of iron per ton of ore treated
as compared with 2 to 3 lbs. of iron in the

Fia. 10.

batteries. Oommon sait and copper sulphate
are, as stated, usually added in small quantities.

Fia. 11.

An eight-foot ' settler,' tlireefeet in depth,will
weigh about 7,000 lbs. The mercury is never com-

Fig. 9.

pletely removed from it except at the end of the
mill run, about 100 lbs. being always left in the

receiv er. The settlers connect with sluices leading
to the agitators ; about one agitator serving for
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five or six settlers. They are of wood, from 8
to 20 feet in diameter and from 2| to 4 feet
deep. The tailings from the agitators are
usually run over blanket sluioes, vanners, bud-
dles, or other forms of concentrating appliances.

The muller in a pan rotâtes about eighty times

per minute, the arms of the settler about 10 to
15 times, and those of the agitator about the
same number. hor every battery of five stamps
two pans would be required. The following
table (Egleston, Silver, p. 443) shows the horse-
power required for various mills :—

Blake erusher, No. 2. .

Ore feeders.
750 lb.-stamps, 90 drops
40-in. rotatory furnace
5-ft. pans .

8-ft. settlers
Concentrators
Friction

Total horse-power
Tons of ore treated per day

"Wet-crushing Mills ! Dry-crushing Mills

10 Stamps

Number
H.-P.

required

20 Stamps

xr u H--p-Number required

60 Stamps

Number
H.-P.

required

3
67J

112
28

6
25

10 Stamps

Number

1
2

10
1
4
2

The engines should be of at least double the
horse-power theoretically required.

The roasting furnaces employed in dry-

crushing silver mills are usually of the revolving
cylinder type, of whieh the Robey form of
Briickner furnace is shown in fig. 12.

Fig. 12.

A 60-stamp wetmill requires about 1,400 gal¬
lons of water per minute ; this can be regained,
less 20 p.c. loss.

The following are the actual working expenses
of a dry-crushing mill treating 50 tons of ore a
day (Trans. Amer. Inst. Min. Eng. 8, 557) :—
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No. of men employed
Wages per

day
Wages per ton
of ore treated

Dollars Podars
1 Foreman 10 0-20
1 Assayer .

6 0-12
3 Machinists 12 0-24
2 Carpenters 8 0-16
2 Blacksmiths . 8 0-16
2 Engineers 8 0-16
2 Foremen 7 0-14
9 Drying floor men . 34 0-63
3 Battery men . 12 0-24
6 Roasters 24 0-48

12 Cooling floor men .
48 0-96

4 Car men . 16 0-32
4 Amalgamators. 18 0-36
1 Betorter . 4 0-08
1 Melter 4 0-08
4 Labourers 10 0-20
4 Watchmen 12 0-24
2 Ore floor men . 7 0-14
3 Clerks 12 0-24

66 257i 5-15

The eost of supplies was as follows :—
Per ton

of ore

Dollars Dollars

Sait, 10 tons 80 . 1*00

Mercury, 175 lbs . 87i . 1-75
Wood, 15 eords . 671 \

. 3-53Coal, 12 tons 99 /
Castings . 1-50
Oil and waste . 0-25
Sundries, chemicals, &c. . 0-50
Hauling from mine . 0-49
Charcoal, assaying and melting . . 0-25

Total 9-87
or a total and somewhat extravagant cost of
15-02 dollars per ton of ore treated in the mill.

As the wet process does not involve either dry-
ing or roasting, it will be seen from the above how
greatly the cost of labour is diminished by the
use of the wet proeess in the place of the dry
method, and as the output of the stamps is at
the same time trebled, the lesser yield is fre-
quently a matter of relative indifférence.

The following table gives détails relating to
the plant and process adopted at some other
pan amalgamation silver mills :—

1 2 3 4 5 6

Character of Proeess Wet Wet Wet Dry Dry Dry

Number of stamps 80 20 30 15 40 50
Weight „ „ lbs. — 650 700 850 800 850

Drop „ „ inches
Number of drops per minute .....

8 8* — a* 7
100 90 80 63 92 —

Ore crushed per day, tons ..... 320 45 — — 55 250
Men employed at battery 12 — — —

. 3
20Number of pans ....... 44 16 14 8 24

Charge of pan : ore, lbs. 3600 1200 2800 1500 2500 3600

,, „ „ sait, lbs. 18 10 — 25 18

„ „ „ copper sulphate, lbs. 6 2 — — — 6
,, „ „ mercury, lbs. .... 350 200 — 300 350

Time ground before charging mercury, hours . 8* 21 — — 1 —

Time amalgamated after charging mercury, hours. H 3 — — 6 —

Number of settlers 20 16 7 4 12 10

Vertical furnaces have been introduced into
practiee, with, in some cases, considérable sueeess,
by Stetefeldt and others, and long-bedded re-
verberatory furnaces are also in common use in
places where labour is not expensive. The cost
of the process varies up to about 51. a ton, ac-
cording mainly, to the capacity of the plant, the
cost of transport and the rate of wages,. dry
crushing being on the whole about 50 p.c. dearer
than the wet process. The yield by value is
about 90 p.c. as compared with 75 p.c.

Wet processes for the treatment of silver ores
and argentiferous products are for the most part
hased on the solution of silver chloride by some
solvent, such as common sait, sodium or cal¬
cium hyposulphite (thiosulphate), followed by
the précipitation of the silver either in the
métairie form or as a sulphide. This treat¬
ment usually involves the roasting of the ore
with sait to convert the silver into the soluble
form.

A still simpler method consists in the con¬
version of the silver not into chloride but into

sulphate, this sait being then extracted by water,

and the silver precipitated from its solution by
replacement by a cheaper métal. This process
is known as the ' Ziervogel ' method, and
the following is a description of the process
as employed at a works in Colorado. It is
based on the fact that when a mixture of the sul-
phates of iron, copper, and silver is raised gradu-
ally to a high température, the sulphates are not
decomposed simultaneously, but gradually, with
the inereasing température in the order named.
Thus, while the whole of the iron sulphate may
have been converted into oxide, the whole of the
silver sulphate and a portion of the copper sul¬
phate will remain unchanged, and may be ex¬
tracted from the roasted mass by the solvent
action of water. At the works referred to, the
ores treated average about 50 oz. of silver,
0 75 oz. gold, and 2-5 p.c. of copper. About
90 p.c. of the ore treated contains no copper.
The process employed consists in produeing a
regulus containing about 40 p.c. of copper,
400 oz. of silver, and 6 oz. of gold per ton.
This regulus may also contain up to 10 p.c. or
more of lead.
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The next opération is to roast this ' bronze
métal,' and, melting it down with rieh silieeous
silver ores, to produce a ' blue métal ' containing
some 60 p.o. of copper with 750 oz. of silver
and 10 oz. of gold per ton. This is then sub-
jeeted to the Ziervogel process. After being
crushed to such a size that it will pass through
a screen of 6 meshes to the inoh, the greater
part of the sulphur is driven otï by a prolonged
roasting. When cold, the roasted charge is
ground to such a degree of fineness that it will
pass through a 60-mesh screen. It is then
roasted at a low température for about H hour ;
the température is then raised slightly for a
similar period, copper sulphate being formed,
the roasting charge increasing in bulk. The
roasting is then continued at a slightly higher
température for a like period, during which the
silver is converted into sulphate, and care taken
by fréquent stirring to convert any cuprous
oxide remaining from the décomposition of the
copper sulphate into cupric oxide, as it would
otherwise throw down metallic silver during the
lixiviation.

The next opération is to leaeh the roasted
ore with water, in orderto dissolve the silver sul¬
phate and any residual copper sulphate it may
contain. The solution is passed through a num-
ber of vats, arranged in sériés and filled with
copper scrap. This throws down the silver, re-
placing it in the solution, which is then passed
over iron scrap to throw down the copper. The
precipitated silver is freed from copper by tlieaid
of dilute sulphuric acid.

The residues from this treatment are still
rich in silver, partly owing to incomplète sul-
phating and partly owing to the formation of
insoluble compounds of silver with antimony,
arsenic, and, especially, bismuth. They contain
about 40 oz. of silver, 10 oz. of gold, and 55 p.c.
of copper per ton, together with sulphate of lead
and bismuth, ferrie oxide, &c. They are fused
with pyritic ores, for the production of a regulus
containing 65 p.c. of copper, 10 to 15 oz. of
gold, and 80 oz. of silver per ton. The further
treatment consists in best selecting (v. Coppeu)
to obtain bottoms rich in gold and silver which
may be treated by electrolytic methods, by the
action of sulphur, or by acids; these bottoms
contain about 150 oz. of gold and 300 oz. of
silver per ton. The residual regulus is treated
by the Ziervogel process as before.

At a Welsh works, copper bottoms similar to
those above described, though poorer in the
precious metals, are treated in the following
manner : The molten métal, containing a little
sulphur, is poured into water for the purpose of
producing hollow granules. These are first
roasted earefully to oxide, then ground, and
finally treated on the bed of a reverberatory
furnace at a low but gradually increasing tem¬
pérature for some hours, in admixture with
ferrous sulphate. The hearth of the reverbera¬
tory, which is of considérable length, is arranged
in steps, the mixture of copper oxide and iron sul¬
phate being charged in at the cold end of the
furnace and then gently raked forwards towards
the hot part near the firebridge. The leaching
with hot water and précipitation of the silver is
performed as already described, but the residues
are difierently treated, being next submitted to

the Augustin process. This process consists in
roasting the material containing silver with
common sait, much in the manner of the Zier¬
vogel process. The reactions are, however, very
différent, and in the main consist in the forma¬
tion of silver chloride either (1) by the direct
action of ehlorine upon silver, or (2) of hydro-
ehloric acid on silver compounds, or (3) by
double décomposition. The roasted charge is
then ' leached ' with a hot solution of common

sait, the silver being precipitated from the solu¬
tion by sheet copper.

The use of sodium thiosulphate as a sol-
vent for silver chloride was long ago proposed
by von Patera, and even employed on a small
scale in practice, but it is only within recent
years that the ' hyposulphite method ' bas
attained any marked degree of prominence
in the treatment of ores. Now, however, it
is very largely employed, and owing to the im-
provement introduced by Mr. Bussell, which
enables a further percentage of the pirecious
metals to be obtained from the tailings of
the ordinary process, this method of treatment
bids fair to rival—and even, it may be, in many
instances to replace entirely—the ordinary
methods of amalgamation.

The Iviss method is a modification in which
calcium thiosulphate replaces the sodium sait,
the solvent being re-formed by using calcium
sulphide as the précipitant, this sulphide being
made at the mill by boiling together in water
two parts of freshly slaked lime and one part of
flowers of sulphur. The duration of the leaching
is from ten hours to two or three days. The
silver sulphide after précipitation is allowed to
settle, the supernatant liquor siphoned ofï, the
precipitate drained on canvas filters, dried, cal-
cined in a reverberatory furnace, fused with
litharge and finally expelled.

Both free silver and free gold are partially
extracted from the ore by these lixiviation pro¬
cesses, and the writer of this article bas re-
ceived the following description of the ordinary
sodium hyposulphite method as practised in
Mexico from Mr. H. J. Chaney, A.R.S.M.

Mr. Chaney gives two examples, the first of
which relates to an ore having the following per¬
centage composition :

SiO. Fe303 MnO. CaO MgO S
86-8 2-7 4-25 1-85 2-64 trace.

This ore oontained from 25 to 45 ounees of silver
per ton of 2,000 Ibs.

Roasting and crushing.—It will be seen
from the analysis that the above ore was ex-
tremely free from base metals and sulphides,
the absence of which led to considérable
difficulty being experienced in obtaining good
results when subjecting it to a chloridising
roasting.

In roasting about 8 p.c. of sait was added to
the charge, a quantity much larger than would
have been neeessary had the composition of the
ore been more favourable to the process.

As to the method of adding the sait, it was
found to be a matter of indifférence whether it
was added to the ore when it was receiving its pre-
liminary crushing in the stone-crusher, or during
the final process of crushing in the battery. It
was, however, finally decided to feed the sait
into the stone-crusher, whence it passed with
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the crushed ore by an automatic feed to the
' drier.'

The drier was of the revolving cylinder type
(shown in fig. 7), placed at a slight inclination.
At one end of this drier is a furnace, the flame
from which passes through the drier in an oppo¬
site direction to the descending charge. The
discharge of dried ore is continuons, but the ore
as diseharged should be but warm. If too hot
the hoppers attached to the battery will be
rapidly destroyed.

The stamp battery eonsisted of twenty-five
stamps, each 750 lbs. in weight, crushing dry in
twenty-four hours about one ton per stamp. The
screen was from 20 to 2G mesh. The size of the
screen was of great importance, as the pulp
caked to such an extent in the leachingvats that
it proved very difficult to deal with. This caking
is frequently observed in ore that has been
roasted in the Briickner cylinder.

The erushed ore from the battery was carried
by endless flanged belts, running beneath the
screens, to a receptacle from which it was raised
above the roasting furnace by chain elevators,
which diseharged into hoppers. Each of these
hoppers held one roasting charge, 6,500 lbs.

The further treatment of this ore will be
considered in conjunction with that of the
second ore, the preliminary treatment of which
is about to be described. This second ore

contained
Pb Cu Zn Pe SiO,
6-6 0-2 7-2 1-8 67'5.

It also contained from 40 to 50 ounces of silver
per ton of 2,000 lbs.

The metals were présent as sulphides. This
represents at least the maximum percentage
of base metals in an ore, which is permissible if
the ore is to be treated economieally by ordinary
lixiviation. Ores still more ' base ' may, how-
ever, be treated by the ' Bussell process.'

The average weight of this second ore when
crushed was about 70 lbs. per cubic foot. The
ore was conveyed to tlie roasters by screw con-
veyors, the furnaces being fed continuously.
The screen which proved most satisfactory was
one of 26-mesh. If much coarser the roasting
proved unsatisfactory, whilst difficulties were
experienced in leaching if a much finer screen
was used.

Belt conveyors are much superior to the screw
conveyors just mentioned. They are neater in
work, and far fewer repairs are necessary.

The stamps used were sixty in numbeiy each
850 lbs. in weight, and crushed about one ton a
day per stamp.

The 25-stamp battery treating the ore men¬
tioned in the first example was provided with
three Hoffman roasting furnaces. These fur¬
naces differ from the ordinary Briickner furnace
in that they have a fireplace at either end. The
rotation of the furnace is continued throughout
the roasting, at the rate of about three times per
minute, the firing being performed alternately at
either end. By an arrangement of dampers the
flame is caused to traverse the cylinder for its full
length. The direction of the flame is reversed
every two hours, as the roasting is imperfect at¬
tirât part of the furnace which is furthest from
the fire.

This first ore required from eight to twelve
hours to roast completely. It is but rarely that
so large a percentage of sait as 8 per cent, is
required, but in this instance the ehloridisation
depended to a great extent on the Mn<X in the
ore, and this oecasionally diminished very con-
siderably, the resuit being an imperfect chlor-
idising action.

Experiments made to prove the influence
exerted by the length of time of roasting on the
degree of ehloridisation of the silver efïected
gave the following results : After six hours, 62'5
p.c. ; after eight hours, 07 p.c. ; after ten hours,
85 p.c. ; and after twelve hours, 87 p.c. A still
more prolonged roasting did not improve the
resuit.

The colour of the roasted ore was a guide to
the degree of success of the chloridising action
of the sait. Thus a somewhat deep brown
colour showed a satisfactory resuit, whilst a
lighter or bluish colour denoted an insufficient
roasting.

The success of the roasting dépends on the
température. This should be just sufficient to
produce a clotting of the charge, but not to auy
marked extent. When the roasting furnace has
been diseharged, the charge is allowed to l'est for
some time on a cooling floor. During the cool-
ing a distinct chloridising action continues for
some time. This amounts usually to an addi-
tional 1 or 2 p.c. of the silver présent, but it
sometimes exceeds 5 p.c., according to the degree
to which the roasting was carried, and partly to
the nature of the ore treated.

The roasting furnaces at the second mill given
as an example, were of the Howell-White type
of revolving cylinders. In this furnace there is
only one fireplace, the stream of ore and sait
gradually falling down the inclined cylinder
towards the fire. The cylinder is of iron, and
has an internai diameter of about 3 feet, being
enlarged near the fireplace in order to admit of
a brick lining.

The following are examples showing the per¬
centage of sait added in the roasting of the ore
treated at this mill :

Percentage Percentage of
Composition of the Ore Sait added

Pb Zn Cu Pe
5-00 7'90 0-00 2-14 . . 8-8
6-60 7'20 0-19 1-88 . . 9'3
7'30 9-30 0-22 2-04 . . 9-3
6'80 9-80 0-16 2-34 . . 10-5
8-30 9T0 0-20 2-53 . . 11-0

This, it will be seen, was a very base ore, and its
roasting was attended with a considérable loss
of silver, the percentage loss being usually at
least 5, and sometimes even 10 or 12. This ore
was, in fact, much too base for the ordinary
lixiviation process, and its treatment was subse-
quently modified.

The time taken by the stream of ore to pass
through the furnace averaged about three minutes.
It then fell into vaults, where it remained for
several hours. This resulted in a considerably
increased degree of ehloridisation. As a large
quantity of flue dust forms at the point of
entrance of the pulp into the furnace, it is neces¬
sary to employ an auxiliary fireplace in the flue,
which roasts the dust as it is carried forwards
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by the draught. A large flue with dust chambers
is employed.

The température of the roasting furnace is
not allowed to rise to the point at winch tlie
roasting ore will show marked signs of clotting,
but it approaches this température as nearly as
possible.

When it has remained iû the vaults for what
is found by practice to be a suflicient length of
time for chloridisation purposes, it is raked on
to a cooling floor, where it is sprinlded with
water to prevent the formation of dust during
transport.

In one sample of ore treated in this manner
it was found that after sprinkling with water
the percentage of silver chloride présent was
considerably diminished. As it was believed that
this was due to the presence of lime in the ore,
experiments were made to ascertain how this
loss might, under such cireumstances, be avoided,
and the best results were obtained by cooling
the roasted ore as rapidly as possible, using a
large excess of water.

The ore, having been roasted in the manner
deseribed, and the insoluble silver compounds
converted into soluble salts, is next submitted to
the lixiviation process. After being cooled on
the cooling floor by sprinkling with water, it is
transferred to waggons on a line of rails above
the lixiviation tanks, into which it is then
tippecl.

Lixiviation.—The lixiviation tanks in the
mills deseribed were round ones, eaeh 14 feet in
diameter and 3£ feet deep. They were of oak,
braced with iron.

Each tank was provided with a false bottom,
consisting of a lattice framework covered with
coarse sacking. A projecting channel or rim
ran around the inside of the tank just above the
false bottom, and into this the edge of the sack¬
ing was closely packed, to prevent any filtration
of ore particles. On this sacking was placed a
layer of very coarse gravel six inches in thick-
ness, and above this another six inches of finer
gravel, the whole being covered with coarse
canvas.

The filter bed thus occupied a space of about
a foot in height at the bottom of the tank. Both
above and below the level of the filter bed one-

inch holes were bored at intervais above one

another in the side of the tank. Below the
filter bed, too, was an orifice eonnected with a

pipe passing up the outside of the tank.
This arrangement was to allow of the escape

of air, which would otherwise stop the filtration.
In connection with this, the method of arrange¬
ment of the lattice-work is a matter of considér¬
able importance. This must be placed in such
a manner that the laths of which it is com-

posed sliall point towards the air-hole, it having
been found in practice that if placed trans-
versely they will retain air and thus retard the
leaehing.

The cooled ore, havingbeen chargedinto tanks
such as these, is then carefully ' leached,' water
being allowed to enter below the filter bed and to
percolate gradually upwards through the ore.
When it has reached the surface of the ore in
the tank, the supply of water below the filter bed is
stopped, and water allowed to flow in at the top
of the tank. The plugs fitting into the holes in

the tank below the filter are then removed, and
the leaehing proceeds.

The ' wash water ' required will not usually
exceed 20 gallons per eubic foot of ore. The
effect of this washing is to dissolve out the
ehlorides of the base metals présent in the
roasted ore. This solution, or only the first part
of it, is run into precipitating tanks, where it is
treated with sodium or calcium sulphide.

The précipitation is a partial one, the silver
being precipitated as sulphide before the greater
portion of the other metals présent. When a
white precipitate of zinc sulphide begins to be
formed, no more sulphide solution is added, as
ail the silver has then been precipitated. From
No. 1 ore, which contained upto about 45 ounces
of silver per ton, this sulphide precipitate, after
drying and partially burning off the sulphur,
was found as the resuit of a number of monthly
averages to contain from 1,800 to 2,000 ounces
of silver per ton of 2,000 Ibs.

The residues remaining in the tanks after
the preliminary washing were even richer in silver
than was the ore before washing, so much of the
base metals having been removed. Thus the
average assays of 1,000 charges of No. 2 ore,
each charge amounting to ten tons, showed that
while the silver in the unwashed ore amounted
to 47-0 ounces per ton, the residue after washing
assayed 47-75 ounces per ton.

The preliminary washing of the roasted ore
is continued until the wash water no longer
yields a precipitate with sodium sulphide. The
supply of water is then stopped, and the level of
the liquid in the tank allowed to sink until the
surface of the ore just shows through it, care
being taken to avoid it sinking still lower.

The second stage of the leaehing then com¬
mences, a solution of sodium hyposulphite
being added, and the process of leaehing re-
peated.

In the case of No. 1 ore the hyposulphite
solution contained 1 p.c. of the sait, and in that
of No. 2 ore 0-75 p.c. In this latter instance
experience showed that the weaker, within
limits, was the hyposulphite solution, the richer
in silver was the sulphide precipitate afterwards
obtained, as the following table shows :—

Percentage of
hyposulphite in

the solution.
0-25 .

0-32 .

0-35 .

0'45
0-74 .

Silver in roasted sul¬

phide pTecipitate,
ounces per ton of

2,000 pounds.
16,380
17,240
17,053
10,471

7,043
The hyposulphite solution escaping from the

bottoms of the leaehing tanks, passed to round
precipitating tanks, eaeh eight feet deep by five
feet in diameter.

In the precipitating tanks either sodium or
calcium sulphide is added to the solution for the
purpose of precipitating the silver, as in the case
of the wash liquor, the solution being agitated
while the précipitation is being effected.

After the hyposulphite solution has been
turned off, the leaehing being considered com¬
plété, water is allowed to percolate up through
the leached ore to displaee the residual hypo¬
sulphite solution; and, this done, the leached
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residues are allowed to fall on an endless flanged
india-rubber belt passing below the leaching
tubs, and in this way are removed outside the
mill, or they are simply removed by shovel-
ling.

In the treatment of an ore assaying 6 p.e. o£
lead, 7 p.c. of eopper, and 40 ounces of silver per
ton of 2,000 lbs., the leaching with hyposulphite
gave, as the average of a sixteen weeks' mill run,
a yield of about 88 p.e. of the silver originally
présent. During this period 3,320 tons of ore
were treated ; the leaching of the ore after
roasting with sait occupied 1,238 hours, and
there were used in this connection 7,386 lbs. of
hyposulphite, 47,100 lbs. of lime, and 22,700 lbs.
of sulphur, calcium sulphide being used as the
précipitant.

The sulphide precipitate containing the
silver is roasted on the bed of a reverberatory
furnace, the température being kept low and the
charge stirred continuously. Great difficulty is
sometimes experienced, during this roasting,
in preventing the loss of silver by volatilisa¬
tion.

The roasted material is treated in a variety
of ways. If relatively poor in silver it may be
spread on a bath of molten lead, into which the
silver would pass, and from which it could
afterwards be separated either by direct eupella-
tion or by any of the other methods described
under Lead. This rnethod involves the loss of a

considérable percentage of silver in the form of
flue dust, such dust assaying up to 1,000 ounces
of silver per ton. If very rich in silver, the pre¬
cipitate is best treated by being carefully run
down in a crucible.

The Russell lixiviation process.—This pro-
cess dépends upon the action of sodium thio-
sulphate and cupric sulphate upon silver com-
pounds, as in the reactions :

1. llNa2S203 + 6CuS04
= 2Na2S,03,3Cu2S2Ô3 + 6Na2SOj + 3Na2S4O0

2. 2Na2S203,3Cu2S203 + 3Ag2S
= 2Na2S203,3Ag2S203 + 3Cu2S.

That is to say, the silver sulphide is dissolved
by the double sait, copper sulphide being deposi-
ted in its stead.

The process is mainly used as an addition to
the ordinary process of lixiviation. After the
maximum percentage of silver has been ex-
tracted by the ordinary lixiviation process, the
residues would be then treated by the Russell
process. The double copper-sodium sait used
as the leaching agent is unfortunately rapidly de-
composed when exposed to the action of the air.
To avoid this it is customary to make it only at
the moment of use. One method of arrange¬
ment consists in plaeing the weighed quantity
of sodium hyposulphite and copper sulphate in
a box provided with a perforatecl bottom placed
immediately above the ore to be treated. The
ordinary hyposulphite leaching solution is al¬
lowed to filter through this box before reaching
the charge to be leaehed. The leaching and
précipitation are performed in the ordinary
manner, as already described. The action of
the double hyposulphite is, however, not always
rapid, and it may even be neeessary to cause
the solution to circulate several times through
the charge, using an injeetor pump, or to allow

it to remain in contact with the charge during a
period of several hours. In a case where an ore
rich in the sulphides of lead, copper, zinc, and
iron was treated by the Russell process, it was
neeessary to cause a repeated circulation by the
aid of such an injeetor pump, whilst an ore fairly
free from sulphides, but containing much lime,
could not be desilverised by such circulation, but
only by allowing the solution to remain for some
hours in contact with the ore.

The superiority of the Russell process of
lixiviation over the ordinary process lies in the
fact that while it is an advantage that the silver
in the material to be treated should be in tbe
form of chloride or other halogen compound, it
is not a necessity, as is the case with the ordinary
lixiviation method. An ore, therefore, wliich
has only been imperfectly roasted, or which is
chloridised with difficulty, may be desilverised by
the Russell process, whilst the lixiviation process
proper would not be applicable. This was the
case in the following instance :

An ore which had been roasted with sait and
then leaehed with a solution of sodium hypo¬
sulphite, was found to retain after such treat¬
ment 29'0 ozs. of silver per ton. The Russell
process applied to the same roasted ore gave
tailings which assayed only 6'9 ozs. per ton. In
another case the tailings from the hyposulphite
process assayed 48'7 ozs. per ton, and from the
Russell process 9-3 ozs.

While, however, the Russell process possesses
this advantage as to the increased solubility of
the silver, it has one important disadvantage—a
large quantity of copper passes into the sulphide
precipitate, and this leads to a considerably in¬
creased eost of refining. The following are par¬
tial analyses of such sulphide précipitâtes :

Cu Pb Fe Zn As
19-4 10-5 7-0 10-8 0-25
18-1 6-9 2-0 5-8 0-00

The silver assayed from 8,000 to 10,000 ozs. per
ton. The large quantity of lead and zinc présent
shows that the ore treated was extremely base.
It only contained 0*2 per cent, of copper, how¬
ever ; practically the whole of the copper in the
precipitate was, therefore, derived from the
double hyposulphite used.

Any lead that may be présent in the liquor
is thrown down by sodium carbonate before
the silver is precipitated ; any gold that may
be in solution passes into the silver precipi¬
tate.

The Russell process is in use at the Marsac
Mill, Utah (the ' Park Record,' Park City, Utah,
Dec. 29, 1888). The plant consists of four ore
vats, each 17 feet in diameter and 8j feet deep,
with a capacity of about 65 tons. The precipi-
tating tanks are eight in number ; these are
10 feet in diameter and 8 feet deep. Partial
précipitation is employed, two tanks being used
for the précipitation of the lead by sodium car¬
bonate, four for the précipitation of the silver
and gold, and two for the précipitation of the
silver from the wash water ; sodium sulphide
being. used as the preeipitating agent. Three
tanks of the same size as the précipitation
tanks are used for the storage of the leaching
solution, and there are also the following four
rectangular tanks :—
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— Length Depth Width

I. For storing lead precipitate
II. For storing gold and silver precipitate from leaching .

III. Beservoirfor leaching solution prior to its being returned"\
by centrifugal pump to storage tanks . . ./

IV. For the silver precipitate from the wash water

Ft. In.

17 6
17 4

17 6

17 6

Ft. In.
2 9
3 5

3 5

3 8

Ft. In.
5 10
4 9

8 6

3 5

From the first, second, and fourfch of these
tanks pipes lead to a pressnre-tank, whence the
précipitâtes are forced, by a pressure o£ 80 lbs.
per square inch, to a filter press. After passing
this, the precipitate still retains about 50 p.c. of
moisture. It is then finally dried, and after-
wards desilverised in the manner already de-
scribed.

The sodium sulphide is prepared by boiling
caustic soda and sulphur in a cast-iron tank,
7 feet by 3 feet, and this and the sodium car¬
bonate used for the précipitation of the lead are
stored in four wrought-iron tanks, each 7 feet by
3| feet. In connection with each ore vat is a
syphon pump, used in circulating the extra
solution.

The cost of this plant was about as fol¬
lows :—

Labour
Pipe fittings, castings, and hard¬

ware .

Lumber

Freight, haulage, and général
expenses .

Lime, sand, stone, and cernent.
Sundries

Dollars

6,100

6,200
4,720

1,480
450

50

Total . 19,000
The materials used in the treatment of 1 ton

of ore are as follows :—
lbs.

Sodium hyposulphite . . . 1|-
Sodium carbonate. ... 6
Sodium hydrate .... 5
Sulphur 3|
Copper sulphate .... 5

An analysis of the ore is not given. The
cost of treatment per ton of ore is under
6 dollars, as compared with 8'76 dollars in the
case of the amalgamation process whieh was
previously employed.

There are numerous other wet methods in
use for the treatment of argentiferous ores and
produets, but they are, for the greater part,
merely modifications of those just described.
One such process, which possesses considérable
importance in the United Kingdom, is the
Claudet process. This is adopted in the
treatment of the residues obtained from the
roasting of the cupriferous iron pyrites, which
is imported in large quantities from Spain and
Portugal. These residues, in addition to a small
percentage of copper, yield rather more than an
ounce of silver and a few grains of gold per ton,
and this small quantity pays, as a by-produet,
to extract. The process consists in roasting the
material with sait, taking care to obtain the
whole of the copper in the cupric form, then
leaching with brine, and precipitating the silver
with zinc iodicle. As the addition of an excess

of the précipitant is carefully avoided, any gold
présent in the solution is precipitated with the
silver. After separating and washing this pre¬
cipitate, it is treated with zinc-dust, in the pré¬
sence of acidulated water, zinc iodide being
re-formed, and the precious metals redueed to
the metallic state.

Potassium cyanide may also be mentioned as
a solvent for both silver and gold, but its use is
aecompanied with some difficulty and considér¬
able danger. Much attention has recently been
again directed to its use in the treatment of
gold ores, and especially of pyrites concentrâtes.
Where the gold is fine, it appears to give good
results and is largely used ; but it is of no
value where the gold is coarse. The précipita¬
tion of the gold from the solution—by zinc—is,
too, a matter of some difficulty.

Probably the larger proportion of the silver
produced annually is obtained by desilverisation
of lead ; and it has been estimated that, of the
quantity of silver produced in 1883, the quanti¬
ties obtained by the several methods were about
as follows :—

Jfethod by which the silver
was obtained

Weight of
silver pro¬

duced

Estimated
average cost of
production of
tlie ounce of

fine silver

Befining native gold
Desilverisation of I

lead . . . J
Desilverisation of i

copper and cupri-
ferous-produets .J

Treatment of silver \
ores . . . /

Total .

Ounces
508,000

30,726,000

7,200,000

49,920,733

s. d.
0 2J
2 0

1 11

1 5

88,354,733

The mean average cost, taking the respective
weights into considération, is thus ls. 8d. per
ounce of fine silver produced.

The United States Mint has since verified
the truth of this estimate of the cost of produc¬
tion, considérable doubt as to its accuracy having
been expressed (Roberts-Austen, ' An Introduc¬
tion to the Study of Metallurgy,' London, 1891,
p. 286).

The third and fourth methods for the treat¬
ment of silver ores—fusion with lead or copper
ores—have already been described under Lead
and Copper, and a detailed account is therefore
unnecessary here. Briefly, the treatment dé¬
pends, in the case of lead, on the faet that when
an ore of silver is brought into contact with
metallic lead, or with substances which, under
the furnace conditions employed, will yield
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metallic lead, the silver is reduoed from its ore by
the lead nsed, and passes into the exeess of
that métal. This argentiferous lead is then
subjected to some method of desilverisation.
Of such methods there are practieally but two—
one eonsisting in melting the alloy, allowing it
to cool slowly, and then separating the crystals
of lead, poor in silver, which have formed in the
bath, from the mother-liquor, richer in silver,
repeating this opération until a certain limit of
richness for the mother liquid has been reaehed,
and then submitting this to an oxidising fusion
—cupellation—on a bed of bone-ash or mari.
The lead is thus converted into oxide, whilst the
silver remains in the metallic form. It will be

seen from this description that the proeess —

known, after its inventor, as the ' Pattinson '
proeess—is based on the fact that alloys of lead
containing up to a certain percentage of silver—
about 2-5—have a lower melting-point than has
pure lead.

The second proeess dépends on the fact that,
if the lead containing silver and gold is heated
above the melting-point of zinc, this métal being
stirred in, and the whole allowed to cool slowly,
the zinc rising through the molten lead will
remove from it both the silver and the gold. As
the lead cools the solidified zinc may be removed
and the silver and gold recovered from it by
some form of distillation proeess. This results

Fia. 13.

in obtaining a residue of lead rich in the precions
metals, whichis then cupelled. The lead itself
is freed from the residual zinc by subjecting it
to an oxidising fusion, or to the action of steam.

The treatment in admixture with ores of lead
is effeeted in Europe chiefly in round blast fur-
naces ; but in out-of-the-wa,v districts where
labour' is dear, or moulded bricks cannot be ob-
tained, rectangular furnaces are usually em¬
ployée!. This is notably the case in the Western
States of America and British Columbia. The
général arrangement of such a smelting plant
is shown in fig. 13, a light portable cupola re-
placing the larger form of furnace.

The mode of separating the silver from the
lead has been described in the article on that
métal (v. Lead) ; but it may be well to point out
that in new districts the Pattinson crystalli-
sation proeess is not applicable owing to the
heavy labour cost, the Parkes proeess of de¬
silverisation of zinc being used instead. Figs.
14 and 15 show the plant in use for the Parkes
proeess at Freiberg, Saxony.

In fig. 14 the lead from a tapping pot (c) runs
into the desilverisation pots (a a). These are
ordinary Pattinson iron pots. Here it is treated
with zinc; The zinc being stirred into the molten

lead takes from it any silver and gold that the
lead contained. On eooling, the zinc and its
contained precious metals may be removed from
the surface of the lead bath. Some lead is un-

avoidably taken over at the same time, and from
this the zinc alloy is separated in the liquation

Fia. 14. Pabkes' peocess.

pots, e b e. As lead dissolves li p.c. of zinc, and
zinc approximately the same amount of lead, as
well as silver and gold, both these metals require
purification. To free the lead from its contained
zinc it is submitted to an oxidising fusion in a
reverberatory furnace, d, e representing the
main stack of the works. This is an ordinary
lead-refining proeess. The zinc-silver alloy is
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next distilled, the silver, gold, lead, &c., remain-
ing behind While the zinc distils over, is collected,
and used again. This distillation is effected
at Freiberg in graphite crucibles, a (fig. 15),
connected with a condenser (c), and heated in
an ordinary wind furnaee (b). These crucibles
are of the ordinary type, as made by Messrs.
Morgan of Battersea. ■

Various modifications of the Parkes process
are in use. In some the zinc is simply stirred
into the lead, while in others it is forced below
the surface of the lead. Again, the zinc-silver
scum, instead of being liquated, may be fused

t

B

Fig. 15. Zinc distillation appakatus.

direct with litharge, the zinc being oxidised and
the resulting lead eupelled, or after liquation,
instead of being retorted in the manner shown
in fig. 15, a cylindrical retort may be used, the
lead being tapped out directly the zinc ceases to
distil over.

When steam, too, is used to dezincify the
lead, the lead may be either treated at a red
beat for the formation of a zinc oxide—-lead
oxide scum, which after being raked off, cooled,
ground, and washed, can be sold as a paint, or
the scum. may be treated by the Sehnabel pro¬
cess. This consists in treating it in closed iron
vessels with a solution of ammonium carbonate,
to dissolve out the zinc oxide, then distilling the
solution, and by the use of a current of carbonic
anhydride regenerating the ammonium carbonate
used as a solvent.

The method of procédure adopted after the
treatment of ores of silver and gold in admixture
with ores of copper, has already been described
in connection with the methods of treatment
adopted at the works in Colorado and Wales,
and need not be further referred to. Sometimes
the silver is collected, not in a copper regulus,
but in a regulus obtained by fusion with sul-
phides of iron. Such a regulus would then be
treated by one or other of the above methods.

The electrolytic method as used in the desil-
verisation of copper has already been described
in the article on that métal.

The total annual production of silver amounts
to approximately 4,000 tons (132,680,000 troy
ounces in 1890), and that of gold to about

Vol. III.— T

180 tons. In this connection it is of interest to
note that no less than 5,000 tons of silver are in
store at the vaults of the United States Treasury
at Washington ('Iron Age,'. March 26, 1891).

Assaying silver ores.—This is practieally
identical in principle with the assay of ores of
gold, the treatment in both instances consisting
in the fusion of the ore to be assayed either with
metallic lead or with substances which, under
the furnaee conditions, yield lead, and a flux.
The main différence consists in the much larger
percentage of the precious métal in the ore to be
assayed.

There are two main methods of assay : (1)
crucible methods, and (2) scorification. Wet
methods, or mixed wet and dry methods, are of
little importance in actual practice.

In crucible methods, if the material to be
assayed is apure siliceous ore, ail that is required
is to mix it with lead oxide and charcoal, or other
reducing agent (flour, sugar, &c.), and some flux,
which, with the silica of the ore, will yield a thin
fluid slag. Sodium carbonate is best for this
purpose where it can be obtained, but such com-
mon bases as lime and iron oxide also give
satisfactory results. The following mixture and
method of assay would be suitable for such an
ore : Grind the ore as fine as possible, dry, and
détermine the moisture. Then weigh out—ore,
300 grains ; red lead, 500 grs. ; charcoal, 25 grs. ;
and sodium carbonate, 600 grs. Mix the lead
oxide and charcoal intimately together, and
then this mixture with the ore to be assayed.
This done, mix in one-half of the sodium car¬
bonate, place in a crucible, and heat in a furnaee
for about 15 minutes at as high a température as
can be attained without producing a fusion of the
charge, the intention being to cause as intimate
a contact as is possible between the reduced
lead and the silver compounds in the ore, for
immediately the charge melts the lead sinks to
the bottom of the crucible. The sole hope of
collecting the silver from the remaining particles
of silver ore, liberated by the solution of the
quartz particles in which they were inclosed,
then consists in endeavouring to produce a con¬
stant current throughout the fused mass, in the
hope that in one of its gyrations the silver
particle may corne into contact with the surface
of the lead at the bottom of the crucible. To aid

this, the charge is made thin fluid at the end of
the first 15 minutes by adding the second half
of the carbonate of soda, and then raising the
température rapidly. At the end of another 10
minutes the mass is poured into an iron mould,
the button of lead detached, and the slag re-fused
with 300 grains of lead oxide, 15 grs. of char¬
coal, and 50 or 100 grs. of carbonate of soda.
As a matter of fact this precautionary fusion is
rarely necessary, provided care is taken to pow-
der the ore very fine, and to pay great attention
to the first portion of the crucible assay of the
ore—the first 15 minutes.

The lead beads are then eupelled on cupels
made preferably of bone-ash, and the resulting
button of silver, after having been weighed, and
allowance having been made for the silver
added with the lead, is parted in the manner
described in the articles on Assaying and on

Gold. The loss of silver can be determined by
a ' check ' assay. The following table gives in
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ozs., dwts., and grs. per ton of 2,240 Ibs. the
équivalent of the percentages of silver found
in the ore by assay :—

Silver or gold per ton of
ore

Silver or gold per ton of
ore

Per cent. —ozs.dwts. grs. Per cent. =ozs. dwts. grs.
0-0001 — — 15-68 0-0600 19 12 —

0-0002 — 1 7-36 0-0700 22 17 8
0-0010 — 6 12-8 0-0800 26 2 16
0-0020 — 13 1-6 0-0900 29 8 —

0-0030 — 19 14-4 0-1000 32 13 8
0-0040 1 6 3-2 0-2000 65 6 16
0-0050 1 12 16 0-3000 98 — —

0-0060 1 19 4-8 0-4000 130 13 8
0-0070 2 5 17-6 0-5000 163 6 16
0-0080 2 12 6-4 0-6000 196 — —

0-0090 2 18 19-2 0-7000 228 13 8
0-0100 3 5 8 0-8000 261 6 16
0-0200 6 10 16 0-9000 294 — —

0-0300 9 16 — 1-0000 326 13 8
0-0400 13 1 8 2-0000 653 6 16
0-0500 16 6 16 3-0000 980 — —

If the ore contains much sulphur it should
be submitted to a preliminary roasting, the car-
bon added to the charge should be slightly in-
creased, and a piece of hoop-iron, or large nails,
&a., should be added, for the purpose of decom-
posing any lead sulphide which might othenvise
be produced. Instead of roasting, an addition of
nitre may be made.

If the ore to be examine! contains much
copper it is best to add an iron sulphide, such as
pyrites, for the purpose of causing the copper to
collect in the form of a regulus ; much of it
would othenvise pass into the lead. In this case,
too, nretallic iron should be used in the assay,
and the slag and regulus should be re-treated.

In ' scorification ' methods the ore is mixed
with granulated metallic lead, and then raised
to a liigh température. A small shallow dish,
called a ' scorifier,' is used for this purpose, and
the process consists in submitting the fused mix¬
ture to the action of an oxidising atmosphère.
The lead oxide which forms acts as a flux for the
siliceous gangue and other impurities of the ore,
and the silver is retained by the excess of lead
remaining unoxidised, from which it may be
regained by cupellation as before.

In practice this method is as follows : Mix,
say, 50 grs. of the ore with 250 grs. of granulated
lead, and place the mixture in the carefully-dried
scorifier. Then cover over with another 250 grs.
of lead, and sprinkle 5 grs. of borax over the
surface. This done, place the scorifier in a
moderately hot muflle, and raise the température
gradually to a dull-yellow heat. A ring of
Htharge will form round the edge of the scorifier,
and will gradually extend inwards, until the
whole of the lead bas been covered. This lead
oxide will retain some silver ; it is therefore dé¬
sirable to scatter a small quantity of carbon (3
to 5 grs.) over the surface of the molten oxide.
The resuit is to reduce a portion to the metallic
state, and the reduced lead, forming at the sur¬
face, in its passage through the litharge exerts a
desilverising action on it. Let the scorifier re¬
main in the muflle until the ' eye ' lias again dis-
appeared—until thelithargesurfacehasre-formed

—andthen remove,pour, and detach the lead bead.
If soft, this may be eupelled ; but if hard, from
the presence of impurities, it must be rescorified
before cupellation.

The dry assay of silver in this manner admits
of very great accuracy. Telluride ores are, how-
ever, somewhat diffieultto dealwith, owing to their
volatility. To such an extent is this the case
that* it may be necessary in assaying an ore of
this character by the scorification method, to use,
not 10 times the weight of lead, as given above,
but 50, or, it may be, even 100, times the weight
of the ore. Such ores are, however, rare. For
the assay of bullion v. art. Assaying.

Alloys.—Almost the only important alloys of
silver are the alloys of silver with copper used
for coinage. In 1,000 parts of such alloys the
silver contained is either 400, 500, 600, 700, 720,
750, 800, 810, 830, 833-3, 835, 868, 900, 902-7,
905, 916-66, 917, 925, or 945, the standard of the
United Iiingdom being 925, that of the Latin
Union 900 and 835, and of the Scandinavian
Union 800, 600, and 400 (v. Alloys).

Literature.—Among the more important
treatises and papers relating to the metallurgy
of silver are the following :—G. Kiistel, 'Boasting.
of Gold and Silver Ores,' San Francisco, 1880 ;
Bruno Kerl, ' Grundriss der Metallhuttenkunde,'
Leipzig, 1880 ; C. A. M. Balling, ' Die Metall-
hiittenkunde,' Berlin, 1885 ; Phillips-Bauerman,
' Eléments of Metallurgy,' London, 1887 ; T.
Egleston, ' Metallurgy of Silver, Gold, and Mer¬
cury,' vol. i. London, 1887 ; C. A. Stetefeldt,
' The Lixiviation of Silver Ores,' New York, 1888 -,
A. Arche, ' Die gewinnung der Metalle,' Leipzig,
1888, &c. ; M. Eissler, ' The Metallurgy of Silver,'
London, 18S9 ; Royal Commission on the cost of
production of the precious metals, Report, 1887 ;
E. Fremy, Encyclopédie Chimique, 1889,
' Silver,' by R. de Fourcrand, and ' Gold,' 1888,
by E. Cumenge and E. Fuchs ; L. Knab, ' Traité
de Métallurgie,' Paris, 1891 ; C. Schnabel,
' Lehrbuch derAllgemeinenHiittenkunde,' Berlin,
1890.

There are also numerous important papers
and statements relating to the treatment of
silver ores in the Transactions of the American
Institute of Mining Engineers and in the Officiai
Reports of the United States Mint, and Mining
Commissioner. E. J. B.

Silver, allotropie or colloïdal. Carey Lea
(Am. S. 1889, vol. i. p. 476, vol. ii. pp. 47, 129,
237 ; 1891, vol. i. p. 482, vol. ii. p. 312) finds
that by the action of certain reducing agents
upon silver solutions the métal may be obtained
as a dark-coloured precipitate, which if brushed
on paper, glass, &c., dries with its partieles in
optical contact. The colours of the silver are
brilliant, so that the golden-coloured variety
dried on paper resembles gold leaf. Perfect
mirrors are produced if glass is used.

The reducing reagents may be metallic salts
of organic acids, such as a mixture of ferrons
sulphate and sodium citrate, or ferrous sulphate
and Rochelle sait. Or metallic compounds may
be avoided, and an alkaline solution of brown
dextrine or of tannin employed.

On analysis, the samples prepared by means
of iron salts yield, after drying in vacuo over
sulphuric acid, 97-98 p.c. of silver (in one case
nearly 99 p.c.), the remainder being oxide of iron
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and organic aoid, with sometimes a little water.
Tke dextrine préparation may contain from 3
to 8 p.c., or even more, of organio matter not re-
movable by washing.

Some préparations are soluble in water,
giving a solution tliat is yellow, deep red, or
black, according to its concentration. Such
solutions are precipitated by neutral substances
in général, alkaline nitrates, sulpliates or
citrates giving a precipitate that dissolves in water
after washing, while magnésium sulphate and
raany other salts precipitate an insoluble form.

Allotropie silver bas been obtained of many
colours, such as ruby-red, blue-green, reddish-
brown, and one form is a dark bronze colour
when wet, and like burnished gold, or copper-
coloured, when dry. Ail forms of the solid are
brittle and easily powdered when dry, they
easily amalgamate with mercury, and are in-
stantly converted by acids, even when dilute, to
grey normal silver with absolutely no évolution
of gas. The halogens and such eompounds as
sodium hypochlorite and ferrie chloride give
magnificent colours, blue predominating, due to
thin films. Platinie, stannic, and auric chlorides
give no colour reactions. Some samples are
changed to grey normal silver by friction (such
as the shaking of loose pièces in a bottle during
a railway journey, or by drawing a glass rod
over the surface), or by exposure to liglit.

A form of silver intermediate between
' allotropie ' and normal silver is golden yellow,
and has a high lustre, but lias none of the other
properties of allotropie silver. It is produced by
heating allotropie silver, but not sufficiently to
change it into normal grey silver (v. also
Barus and Schneider, Zeits. f. phys. ehem. 8,
278 ; Schneider, B. 1891, 3370).

SILVER ASSAYING v. Assaying.
SILVER OXIDES AND SALTS. Three oxides

are said to exist, the suboxide Ag,0 (?) (v.
Silver sub-salts <fcc.), the protoxide or normal
oxide Ag.,0, and the peroxide Ag,02(?).

Silver protoxide Ag,0, generally known as
silver oxide, is obtained as a brown, hydrated
precipitate byaddition of potashto silver nitrate,
or as a bluish-black powder by boiling the pre¬
cipitated chloride with concentrated potash.
Aecording to Carnelley and Wallter (C. J. 1888,
79), the hydrated oxide is unaffected by a tem¬
pérature of 100°, but from that température to
180°, it rapidly loses water and a little oxygen,
with formation of the anhydrous oxide and some
metallic silver. Above 270° it rapidly loses its
oxygen, which is entirely evolved at about 300°
to 340°.

Aecording to Bruce (C. N. 50, 208), the
hydroxide obtained by mixing dilute solutions of
silver nitrate and potash in alcohol of 90 per
cent, at — 50°Fah., is almost white. It,however,
soon darkens, and is brownish even at — 40°Fah.

Silver oxide dissolves in ammonia, and is
soluble in water to the extent of 1 part in 3,000
(Bineau, C. R. 41, 509), the solution having an
alkaline reaction and a metallic taste. Aoids
dissolve it, with production of salts, which are
generally anhydrous. The recently precipitated
moist oxide absorbs carbon clioxide from the air
(Rose, P. 85, 304). Hydrogen reduces silver
oxide to métal at 100°. Tin and copper also
reduce it in presence of water.

When the freshly precipitated oxide is dis-
solved in ammonia and the solution exposed to
the air, the fulminâting silver of Berthollet
(Crell's Annalen, 1788, 2, 390) separates out as
a black powdery precipitate or in black lustrous
crystals. When driecl, it explodes violently on
the slightest friction ; in fact, explosion fre-
quently oecurs under water. Acids convert it
into ammonia and silver salts. According to
Raschig (A. 233, 93), it has the composition
NAg3.

Silver oxide is used to impart a yellow colour
to glass. It frequently replaces the nitrate in
medicine, as its discolouring action on the skin
after prolonged internai use is much less (v.
U.S. Dispensatory, 14th ed. 1093).

Silver peroxide. The body to which tbis
name is usually applied was'first obtained by
Ritter by the electrolysis of a silver nitrate solu¬
tion. Aecording to Berthelot (C. R. 90, 653), it
separates on the cathode on electrolysis of a 10
per cent, solution in large, thick, black, striated,
lamellar needles of brilliant metallic lustre. The
crystals fall to a black amorphous powder, with
évolution of some oxygen, on exposure to the air.
A little above 100° the peroxide gives olï oxygen
with explosion. It dissolves in concentrated sul-
phurie acid to a green liquid, which evolves
oxygen, with précipitation of the normal silver sul¬
phate on dilution. Ammonia décomposés it, with
évolution of nitrogen and formation of silver
protoxide.

The composition of this body is not known.
Wallquist (J. pr. 31, 179) ascribes the formula
Ag202, but Fischer (J. pr. 32, 108) finds less oxy¬
gen than that formula requires, and Berthelot
(C. R. 90, 653) ascribes to it the composition
4Ag2032AgN03H20. It may, however, be pre-
pared from the sulphate, and then in général
properties resembles the compound obtained
from the nitrate, tbough not distinctly crystal-
line. When prepared from the nitrate, it always
contains that substance, which can onlybepartly
removed by prolonged washing. A peroxide of
the composition Ag„02 is also said to be obtained
by the action of ozone on silver, and Berthelot
(O. R. 90, 572) states that the action of hydroxyl
on silver protoxide results in a mixture of silver
and an oxide of the composition Ag203.

Silver carbonate Ag2C03 is obtained by pre-
cipitating silver nitrate with an alkaline car¬
bonate, as a white precipitate, which turns yellow
on washing and is blackened by light. It is
said to lose the whole of its carbon dioxide at
200°. A solution of the sait in ammonia gives,
on addition of alcohol, a grey precipitate having
the composition Ag2C034NH3.

According to G. S. Johnson (C. N. 54, 75), it
is obtained in crystals by dissolving the precipi¬
tated carbonate in water saturated with carbon
dioxide at 15°. He has also obtained it in largo
glistening yellow prisms, which melt at low red-
ness, and décomposé at a somewhat higber tem¬
pérature, with évolution of carbon clioxide, by
exposure of the oxide in presence of water to the
air for two months. Schulten (C. R. 105, 811)
has obtained a white precipitate which changes
to microscopic crystals of the composition
AgKCO.,, by the addition of silver nitrate to a
concentrated solution of potassium carbonate
containing free carbon dioxide. Water decom-
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poses tlie erystals, with formation of the normal
carbonate.

Silver nitrate AgN03, is usually prepared by
dissolving silver in nitric acid, and is largely so
obtained in the ' parting ' of silver from gold by
nitric acid (v. art. Gold, 2, 266). The sait may
be freed from copper by boiling with freshly pre-
cipitated silver oxide, which précipitâtes the
copper as oxide, or by lieating the fused sait
until the copper nitrate lias been decomposed,
which occurs before the silver sait is affected.
When a portion dissolved in water and treated
with ammonia gives no blue colour, the mass is
cooled, dissolved in water, filtered from the
copper oxide, and recrystallised. In working up
photographie and other silver residues, the
chloride produeed from solutions by addition of
hydrochloric acid, and the ash of papers, &c., is
mixed with four or five times its weight of sodium
carbonate or of a mixture of potassium and
sodium carbonates, and is heated in a crucible
to bright redness, when the silver colleets as a
button in the bottom of the crucible. The pre-
cipitated chloride may also be reduced by zinc
or iron in water slightly acidulated with hydro¬
chloric or sulphuric acid.

Silver nitrate crystallises in colourless rhom-
bic tables of sp.gr. 4-328 (Schrôder, P. 106, 226),
melting at 218° (Carnelley, C. J. 1878, 276), and
resolidifying to a fibrous erystalline mass. When
the fused sait is east in sticks, it forms the lunar
caustic of pharmacy. At a heat much below
redness, it is decomposed into silver nitrite, with
évolution of oxygen, and at a red heat into silver,
nitrogen peroxide, oxygen, and nitrogen.

Water dissolves the nitrate with formation of
a neutral solution ; hot alcohol dissolves about
a fourth of its weight ; strong nitric acid has
but little solvent action. According to Kremers
(P. 92, 497), its solubility in 100 parts of water
is :—

0° 19-5° 54° 85° 110°
121-9 227-3 500 714 1111

Tilden and Shenstone (Tr. 175, 33) find that
100 parts of water at 125° dissolve 1622-5 parts,
and at 133° no less than 1941-4 parts of the
sait.

Dry silver nitrate absorbs ammonia, with
évolution of sufficient heat to fuse it, and produc¬
tion of a compound of the formula AgN033NH3
(Eose, P. 20, 153). Ammonia nitrates of the
composition AgN03NH3 (Beychler, B. 16, 992,
and 2421) and AgN03.2NH3 (Mitscherlich, P. 9,
413 ; Kane, A. Ch. 72, 288 ; and Marignac, Ann.
M. [5] 15, 25), liave also been prepared. Double
nitrates of the composition AgN03KN03,
AgN03EbN03, and AgN03AmN03 are described
by Ditte (C. E. 101, 878), who, however, fails to
obtain the compounds AgN032NaN03 and
AgN0„4NaN03 described by Eose.

Senderens (C. E. 104, 175, and 504) has
examined the action of zinc, lead, tin, and
aluminium, and of sélénium, tellurium, arsenic,
phosphorus, iodine, and bromine on aqueous
silver nitrate.

Silver nitrate is used as a marking-ink and
as a constituent of certain hair dyes, and is very
largely employed in photography. It is used in
medicine both externally and internally (v.
Squire's Companion to the British Pharma-

copœia, 1890, 79, and the U.S. Dispensatory,
1879, 1,088).

Silver nitrite AgN0.2 is best obtained by pre-
cipitating silver nitrate solution with potassium
nitrite (V. Meyer, A. 171, 23). It forms a white
erystalline powder, difficultly soluble in cold
water. From hot solution it separates in yellowish
needles or prisms. It melts at about 134° with
partial décomposition (Divers, C. J. 24, 91).

Silver sulphate Ag,S04 may be obtained by
dissolving the métal in eoncentrated sulphuric
acid or by dissolving the oxide or carbonate in
the acid. It dissolves easily in sulphuric or
nitric acid, but reguires about 200 parts of cold
or 68-58 parts of hot water for solution (Kremers,
P. 92, 499).

Silver sulphate crystallises in small rhombic
prisms isomorphous with anhydrous sodium
sulphate (Mitscherlich, P. 12, 138), and fusing
at 654° (Carnelley, C. J. 1878, 279).

An acid sait HAgS04 crystallising in pale-
yellow prisms, and a double sulphate with alu¬
minium (silver alum) Ag2Al24S0424H20 (Church,
C. N. 9, 155) are also known. The latter sait
crystallises in octahedra, which are decomposed
by water into the component sulphates.

Silver sulphite Ag2S03 is obtained in small,
white glistening needles, or as a white curdy
precipitate, by dissolving silver oxide in sul-
phurous acid and crystallising, or by precipi-
tating a silver sait with sulphurous acid or a
sulphite. Heat readily décomposés it into silver,
silver sulphate, and silver sulphite. Several
double alkaline sulphites are known.

Silver thiosulphate or hyposulphite Ag2S.,03
is obtained as a snow-white, slightly soluble
powder, of sweetish taste, by addition of dilute
silver nitrate to excess of eoncentrated sodium
thiosulphate (v. Herschel, Edin. Phil. J. 1, 26
and 2, i54). It forms two sériés of double salts
with the alkali metals of the composition
RAgS203 and R4Ag2S0O?. The sait NaAgS203 is
obtained by evaporating a solution of silver
chloride in sodium thiosulphate. The ammo¬
niacal solution of this sait may be used for sil-
vering. Cohen (C. J. 1887, 39) describes a thio¬
sulphate of the composition Ag2S.,03.2K2S.203.

Silver chromate Ag2Cr04 is obtained in dark-
red erystals by the addition of potassium chro¬
mate solution to silver nitrate. It dissolves in
alkaline chromâtes and in the nitrates of am¬

monia and the alkalis (E. F. Carpenter, S. C. I.
5, 286, and Biscaro, C. N. 53, 67). By cooling
a hot ammoniacal solution of silver chromate
yellow erystals of Ag2Cr044NH3 are obtained.

Silver chromate has been employed in minia¬
ture painting.

Silver bichromate Ag.,Cr207 is obtained in
dark, reddish-brown, triclinic prisms, somewhat
soluble in water, by precipitating potassium
bichromate with silver nitrate.

Silver phosphates. Several phosphates are
known. The normal orthophosphate Ag3P04 is
obtained as a lemon-yellow powder, insoluble in
water, but readily soluble in acids and ammonia,
by precipitating a silver nitrate solution with an
orthophosphate. Joly (C. E. 103, 1071) has
obtained it in rhombic dodecahedra. It fuses at
about 849° (Carnelley, C. J. 1878, 280). The di-
argentic phosphate Ag2HP04 may be obtained
in colourless hexagonal prisms (Joly, l.c.),
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which become yellow in contact with water or
alcohol, with décomposition into the normal
sait and phosphoric acid. Silver pyrophosphate
AgjP.jOj is obtained as a white precipitate by
addition of sodium pyrophosphate to silver
nitrate. It fuses at 585° (Carnelley, l.c.) to
a brown liquid, which re-solidifies to a white
mass of radiating crystals. It is soluble in
ammonia, from which it is precipitated un-
changed by acids. The metaphosphate AgJP20,,
or AgP03 is obtained as a crystalline powder,
slightly soluble in water, and fusing at 482°
(Carnelley, l.c.) to a transparent glass, by pre-
cipitating silver nitrate with sodium meta¬
phosphate.

Silver tartrate Ag2C4Hj06 is obtained as a
white curdy precipitate on mixing solutions of
Bochelle sait and silver nitrate. It is nearly in¬
soluble in water, but dissolves in dilute ammonia.
This solution deposits its silver as a shining
mirror when gently heated, and under various
modifications, and is largely employed in silver-
ing glass. A good mixture is prepared as follows :
(1) Dissolve 5 grams of silver nitrate in 100 c.c.
of distilled water and add ammonia until the

precipitate first produced is nearly dissolved.
(2) Dissolve 1 gram of silver nitrate in 20 c.c. of
water, heat to 110CF., and add a solution of 0'83
gram of Bochelle sait in 10 c.c. of water. Boil
the mixture for ten minutes, filter, and dilute to
500 c.c. The glass, after washing with potash,
dilute nitric acid, and alcohol, rinsing after the
application of each, is covered with a mixture of
equal volumes of these solutions at about 80°]?.
After an hour, the silver will have deposited in a
coherent film, which may be polished or var-
nished after a few days (v. Cooley's ' Cyc. of
Practical Beceipts,' 1872, 1,044 ; Yarley, ' Year-
book of Photography,' 1890, 114).

W. H. Perkin (C. J. 1887, 362) describes an
acid tartrate C4H5Ag06H20 erystallising in large
brilliant monoclinic prisms, from a mixture of
strong silver nitrate and tartaric acid solutions.

Silver fumarate CjHjAg-.O^ is precipitated as
a white amorphous powder, requiring over 200,000
parts of water from solution, by addition of the
acid or its sait to a solution of silver nitrate. It
explodes on heating. Warnerke (' Year-book of
Photography,' 1876, 131) has proposed its use
in photography.

Silver fulminate v. article Fclminic acid,
vol. ii. p. 166.

Silver sulphide Ag2S occurs native in ar-
gentitc, vitreous silver, or silver glance. As
double sulphide, it opeurs in red silver ore
3Ag„S.Sb„S3. It may be obtained by heating
silver ehloride in a current of sulphuretted
hydrogen, by heating silver with sulphur or
sulphuretted hydrogen, or by precipitating silver
solutions with sulphuretted hydrogen.

Silver sulphide is sufficiently soft to be eut
with a knife. It fuses readily without change,
but when roasted in the air becomes gradually
converted into silver. It is decomposed by boil-
ing strong sulphuric, nitric, and hydrochloric
acid, and is converted into the ehloride by diges¬
tion with cuprous ehloride solution. The pré¬
sence of sodium ehloride facilitâtes the latter
reaction, which is employed for removing silver
from certain ores by dissolving the silver ehloride
as fast as formed.

Silver sub-sulphide v. Silver sub-salts &c.
Silver selenide Ag.,Se is a dark-grey body,

which melts at a red heat to a silvery mass. It
is obtained by heating silver with sélénium, or
by precipitating a silver solution with seleni-
uretted hydrogen. A di-selenide Ag2Se.. is also
known. Selenides of silver and lead (nau-
mannite) and of silver and copper (eukarite)
occur in nature.

Silver chlorides. Two chlorides are said to
exist, the normal sait AgCl and the sub-chloride
AgXl (?). Peculiar compounds which appear to
be combinations of the normal and sub-chloride,
and which are known as photochlorides, are also
known. Regarding them and the sub-chloride,
and the action of light on silver salts v. Silver
sub-salts &c.

The normal silver ehloride occurs in horn
silver or cerargyrite, and as the double ehloride
and bromide of silver in embolite. It is obtained
by the action of chlorine or hydrochloric acid
gas on silver, or as a dense, curdy, white precipi¬
tate, which gradually becomes powdery, by addi¬
tion of hydrochloric acid or a soluble ehloride to
silver nitrate solution. Silver ehloride assumes a

yellow colour when heated, and melts at 451°
(Carnelley, C. J. 33, 278). It solidifies to a soft,
tough, horny mass, having a sp.gr. of 5-594
(Sehrôder, P. 106, 226). According to Kohl-
rausch (W. 17, 642), the electric conductivity of
silver ehloride exceeds that of the bromide or

iodide, and when fused exceeds that of sulphurio
acid.

The fused ehloride is not appreciably soluble
in cold water, though very slightly soluble in hot
(Stas, C. B. 73, 998). The precipitated ehloride
is more soluble, and the washings become cloudy
on addition of either hydrochloric acid or silver
nitrate. In concentrated hydrochloric acid its
solubility is about 1 in 200, and in the acid
diluted with its own volume of water 1 in 600.
It is much more soluble in alkaline chlorides,
especially sodium ehloride, and dissolves readily
in ammonia. Pure strong nitric acid at 15° to
17° dissolves the precipitated ehloride to the
extent of 2-01 parts in 100,000 (Thorpe, C. J.
25, 453). Soluble thiosulphates and sulphites,
and ferrie ehloride also dissolve it, and potassium
eyanide converts it into a soluble double cyanide
AgCN.KCN, together with potassium ehloride.
It dissolves readily in coniine (Blyth, C. J. 1,
350) and in solution of methylamine (Wurtz,
A. Ch. [3] 30, 453). Silver ehloride is slowly
decomposed by boiling concentrated sulphurio
acid (Sauer, Pr. 1873, 376).

Silver ehloride is not reduced by earbon, but
may be reduced by fusion with four or fivetimes
its weight of sodium carbonate, or of a mixture
of sodium and potassium carbonates. Iron,
zinc, and other oxidisable metals reduce it in
presence of water, especially when acidulated
with hydrochloric or sulphuric acid.

Digestion with potassium bromide or iodide
solution décomposés the ehloride with formation
of potassium ehloride and silver bromide or
iodide (Pield, C. J. 10, 236). The ehloride is
converted into the bromide or iodide when fused
in a eurrent of air containing bromine or iodine
vapour (Julius, C. N. 48, 284). It may bepartly
converted into the bromide by digestion with
bromine water (v. Humpidge, B. 17, 1838 ; Poti-
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litzin, J. Buss. Chem. Soe. 1882, 82, and B. 17,
1308 ; Bertkelot, C. B. 94, 1619).

Silver chloride, bromide, or iodide, precipi-
tated from solution containing a colouring
matter such as an aniline dye, lias a character-
istio eolour which cannot be removed by wash-
ing. The compounds produced by the différent
lialoid salts with the same dye frequently differ
considerably in colour. Somewhat similar com¬
pounds are obtained when silver chloride is pre-
cipitated from a solution containing a metallic
sait, such as the chloride of iron, cobalt, nickel,
manganèse, copper, or gold (Carey Lea, Am. S.
34, 384).

Dry precipitated silver chloride rapidly ab-
sorbs large volumes of ammonia gas, which it
again gives off at 37*7° (Faraday, Quarterly J. of
Se..5, 74). According to Bose (P. 20, 157), the
amount absorbed corresponds with the formula
2AgC1.3NH,.

Silver chloride formed a constituent of the
sensitising material used in the original platino-
type process (Willis, Photographie J. 1891, 123).

Silver bromide AgBr occurs native as brom-
argyrite. It is obtained by addition of a
soluble bromide to silver nitrate, as a yellowish,
curdy precipitate, less soluble in ammonia than
the chloride, but more so than the iodide. In
dilute ammonia it is almost insoluble. It dis¬
solves in hot hydrobromic aeid or mercurie
nitrate solution, and crystallises out in octahedra.
It is also soluble in potassium and other bromides,
forming double salts, and in sodium thiosulphate.
According to H. W. Vogel (B. 16, 1170, and 18,
861 ; v. also Eder, B. 18, 1256, and De Pitteurs,
Chem. Centr. 1884, 411), two molecular modifi¬
cations of silver bromide exist, the one precipi¬
tated from aqueous solution, and the other from
solution in alcohol of at least 9G°. The former
is said to be most sensitive to certain of the
blue rays, and the latter to certain of the indigo
rays.

Silver bromide fuses to a reddish liquid at
427° (Carnelley, C. J. 33, 277). Its sp.gr., after
fusion, is given by Schrôder (P. 106, 243) as
6*349, that of the precipitated bromide being
6*418. The electric conductivity of silver brom¬
ide is less than that of the chloride, but exceeds
that of the iodide. When fused it conducts
better than sulphuric acid (Kohlrausek, W. 17,
642).

Gaseous liydrochloric acid décomposés it
at 700° with évolution of hydrobromic aeid.
Chlorine décomposés the freshly precipitated
bromide.

According to Bammelsberg (P. 55, 24S), the
dry bromide absorbs no ammonia; but it sé¬
parâtes from ammoniacal solution in crystals
containing ammonia, which is driven off by heat
(Liebig, Schweigger's J. fur Chem. und Phys.
48, 103).

Carey Lea describes peculiar compounds
produced by precipitating silver bromide in
presence of various colouring matters and
metallic salts (v. Silver chlorides).

Regarding the sub- and photobromide, and
the action of light on silver bromide v. Silver
sub-salts &c.

Silver iodide Agi occurs naturally as iodar-
gyrite or iodyrite. It may be obtained by lieating
silver with iodine, by dissolving silver in hy-

driodic aeid, or by precipitating silver nitrate
with a soluble iodide.

Silver iodide is of a pale primrose colour, and
is insoluble in most acids, and almost insoluble
in ammonia, but dissolves in potassium iodide
and soluble tkiosulphates. It dissolves in hot
kydriodic acid, and separates on eooling in
eolourless flaky crystals of the composition
AgI.HI (v. Deville, C. B. 32, 894). It is decom-
posed by hot concentrated nitric or sulphuric
acid with évolution of iodine. When gently
heated in chlorine, or when heated to 700° in
hydrochloric acid gas, it is converted into the
chloride.

Silver iodide absorbs ammonia gas with
formation of a white compound, of the composi¬
tion 2Agi.NII,, which evolves ammonia on ex-
posure to the air (Bammelsberg, P. 48, 170).

When precipitated by excess of potassium
iodide, silver iodide is unaffected by light, but it
is rendered sensitive by the presence of a trace
of silver nitrate, chloride, or bromide, which
converts the last trace of potassium iodide into
the silver sait (v. Abney, Pr. 33, 164).

The abnormal expansion and contraction of
the iodide when heated was first noticed by
Fizeau (C. B. 64, 304), and has since been ex-
amined by Deville (C. B. 64, 323), Mallard and
Le Chatelier (C. B. 97, 102), and Bellati and
Bomanese (Pr. 34, 104) ; and more fully by Rod-
well (Pr. 33, 97 ; 25, 280 ; 31, 291). When heated
it acquires a brilliant yellow colour and passes
through various sbades of orange, until, at 527°
(Carnelley, C. J. 33, 278), it fuses to an orange-
red liquid. On eooling the fused iodide, it con-
tracts considerably at the solidifying-point, and
continues to contract, until, at 116°, it expands
suddenly and violently, and passes from the
amorphous to the erystalline form. The iodide
appears to exist in three modifications : (1) as a
plastic, tenacious, amorphous, reddish, trans¬
parent substance between 116° and its melting-
point ; (2) as a brittle, opaque, erystalline mass
below 116° ; (3) as a yellow, brittle, amorphous
mass, obtained by pouring the fused iodide into
cold water.

The déterminations of the spécifie gravity of
the iodide vary considerably. According to De-
ville (C.B. 64, 323), the sp.gr. of the fused iodide
at 0° is 5*687, that of the precipitated iodide
being 5*807 at 0°. According to Kohlrausch (W.
17, 642), the electric conductivity of silver iodide
is less than that of the bromide or iodide, but
the conductivity of the fused sait exceeds that of
sulphuric acid.

Carey Lea describes peculiar compounds pro¬
duced by precipitating silver iodide in presence
of various colouring matters and metallic salts
(v. Silver chlorides).

Begarding silver sub-iodide and photoiodides
v. Silver sub-salts &c.

Silver fluoride, AgF, may be obtained as
a déliquescent, very soluble sait, by dissolving
silver oxide in hydrofluoric acid. It crystallises
from solution in quadratic pyramids, of the com¬
position AgFELO (Marignac, J. 1856, 129), or in
prisms of the composition AgF2H20 (Frémy,. J.
1856, 87 ; Pfaundler, J. 1862, 86). The hydrated
sait loses water when dried in vacuo. Most of
the water is driven off, together with some oxy-
gen and hydrofluoric acid, when heated in a
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covered vessel to the melting-point of lead.
After expulsion of ail the water, the fluoride
may be heated to the melting-point of silver
without change. The dry sait absorbs 844 times
its volume of ammonia.,

When a solution of the fluoride is strongly
concentrated over the water-bath, or when the
crystallised hydrated fluoride is dried over sul-
phuric acid, brass-yellowspangles, of the compo¬
sition AgF.AgHO, are obtained (Pfaundler, J.
1862, 87 ; v. further, Gore, Tr. 1869, 191, 192 ;
1870,227; 1871,321).

Silver sub-fluoride v. Silver suh-salts &c.
Silver cyanide AgCN is obtained as a

white, curdy precipitate by addition of a soluble
cyanide to silver nitrate solution. It dissolves
readily in ammonia and soluble eyanides, and
slightly in hot dilute nitric acid, but not in the
cold acid or in water. Sulphuric or hydrochloric
acid décomposés it with évolution of hydrocyanic
acid.

The ammoniacal solution contains the com-

pound AgCN.NHj, while the cyanide solutions
contain double eyanides, such as AgCN.KCN ;
AgCN.NaCN ; 3AgGN.2KCN.NaCN (Baup, A. Ch.
[3] 53, 462). The double cyanide of silver with
a heavy métal is best obtained by addition of
silver potassium cyanide to a solution of a sait
of the métal. Silver potassium cyanide, which
is employed in the electroplating bath (v. art.
Electkoplating, ii. 2), crystallises in regular
oetahedra, soluble in 4 parts of water at 20°, and
in 25 parts of alcohol of 85 p.c. at 20° (Baup,
l.c.).

Silver cyanate AgCNO is a white, some-
what soluble powder, which explodes on heating.
It may be obtained by the addition of silver
nitrate to potassium cyanate solution.

Silver Sub-salts, Photosalts, and Scb-oxide ;
Action of Light on the Haloid Salts.

The existence of a suboxide of silver Ag40
was first affirmed by Wôhler (A. 30, 1), who
stated that when silver citrate is heated to 100°
in a current of hydrogen, it is reduced to a sub¬
citrate and free citric acid, 1 atom of oxygen
passing off as water. The residue dissolves in
water to a brown solution, from which a black
precipitate of the reputed suboxide is deposited
on addition of potash. Wôhler's work has been
repeatecl by Von Bibra (J. pr. 1875, 12, 39),
Bailey and Fowler (C. J. 1887, 416), Newbury
(Am. 8, 196), and Muthmann (B. 20, 983). Ac-
cording to Bailey and Fowler, carbon dioxide is
given off as well as water, except at the very
earliest stages of the réduction, and the solution of
the résultant body gives the reactions of itaconic
acid and shows no argentous citrate. Newbury,
however, while also noticing the évolution of
carbon dioxide, and failing to obtain a sub-oxide,
states that the red solution is turbid from the
presence of finely-divided silver, and contains
much free citric acid. Bailey and Powler also
failed to conflrm Faraday's statement (A. Ch. 9,
107), that a sub-oxide, Ag403, is obtained by
exposure of a solution of silver oxide in ammonia
to the air.

O. v. der Pfordten (B. 20, 1458; 3375) ob¬
tained a black eompound, which he first de-
scribed as the suboxide Ag40, but to which he
subsequently gave the formula Ag4H20 (B. 21,

2288), by the following process : 20 c.c. of a
12'5 p.c. solution of sodium tartrate was mixed
with a solution of 2 grms. of silver nitrate
in 1£ litres of water, adding 2 c.c. of a 4 p.c.
solution of soda, and stirring violently. After
5 hours the liquid was deeanted, and the re-
sidual black precipitate of argentous tartrate (?)
was waslied with dilute sodium sulphate and
treated with alkali, which converted it into the
above eompound. The same substance was ob¬
tained by the action of alkali on the black preci¬
pitate obtained by the graduai addition of 4 c.c.
of concentrated phosphorous acid solution to a
solution of 10 grms. of silver nitrate in 20 c.c. of
water, to which suffîcient ammonia had been
added to re-dissolve the precipitate at first pro-
duced. The body thus obtained is a deep black
amorphous powder, which is deeomposed by
water, and requires to be kept under alkali. It
is insoluble in ammonia or acetic acid, and is
deeomposed, with séparation of métal, by hydro¬
chloric, sulphuric, and most other acids, but is
not affected in the cold by sulphurous or phos¬
phorous acid. Hydroxyl has no action in the
cold, but reduces it to silver when warmed ;

mercury fails to remove any silver. When acted
on by sulphuretted hydrogen, it produces black
amorphous sulphide, which becomes grey when
dried, and which is slowly deeomposed by water.
It dissolves in potassium cyanide and in warm
dilute nitric and hydrochloric acids, water pre-
cipitating it unchanged from the latter. Strong
nitric and sulphuric acids décomposé it with
séparation of sulphur.

Bailey (C. N. 55, 263) and Friedheim (B. 20,
2554 ; 21, 307) dispute these results, the latter
stating that the so-called argentous hydrate is a
mixture of silver, with more or less argentic
oxide and organic matter. Geuther (A. Ch.
Pharm. 114, 121) states that the suboxide is ob¬
tained by the action of precipitated cuprous
oxide on silver nitrate ; and, according to Giintz
(see below), it is obtained by the action of steam
on the sub-fluoride at 160°, but he gives no
analysis of the product.

For the préparation of the sub-chloride, to
which the formulas Ag2Cl (Wôhler) and Ag4Cl„
(Von Bibra) have been applied, several methods
have been proposed. Wôhler (A. 30, 3) states
that it is obtained as a black powder, which
is deeomposed by ammonia into silver chloride
and silver, by the action of hydrochloric acid
on argentous citrate prepared as above. Wetzlar
(Schweigger's J. ffir Chem. und Phys. 1828,
2, 466) affirms its production by the action of
cuprous or ferrie chloride on silver. Von Bibra
(J. pr. 1875, 12, 39) and Newbury (Am. 8, 196)
fail to obtain it by either Wôhler's or Wetzlar's
process. A very complété bibliography on the
sub-salts of silver is given by Von Bibra (l.c.).

Guntz (C. B. 110, 1337; 112 (1891), 861)
prepared a fluoride of the composition Ag,F
by electrolysis of a saturated solution of
the normal fluoride with a powerful current,
using silver electrodes, and allowing the liquid
to become hot. It is then obtained on the
cathode in brass-coloured plates, which are
unaffected by dry air, but are rapidly deeom¬
posed by water, with précipitation of silver and
production of silver fluoride. The same eom¬
pound is said to be produced when finely-divided
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silver is heated in a sealed tube, at a tempéra¬
ture below 90°, with silver fluoride solution.
Compare Pfaundler (Silver fluoride).

Aceording to Gilntz, the sub-fluoride is con-
verted into the violet sub-chloride when dry hy-
drochloric acid, or, better, the vapour of the chlor-
ide of Carbon, silicon, or phosphorus, is passed
over it. Analysis of the sub-chloride indicates the
presence of some normal chloride. Gaseous
hydriodie acid similarly gives a sub-iodide Ag,I,
with considérable rise of température. Sul-
phuretted hydrogen produces the sub-sulphide
Ag,S ; and steam passed over the sub-lluoride
heated to 160° produces the sub-oxide.

Carey Lea (Am. S. 33, 349, 480, 489 ; 34, 33)
has produced an important sériés of coloured
haloid salts of silver, to which he has given the
name ' photosalts,' and which he regards as
identical with the so-ealled sub-salts forming
the latent photographie image. They appear to
be compounds of the normal and sub-salts, the
proportion of halogen in the chlorides corre-
sponding to from under 1 p.c. to over 8 p.c. of
the sub-chloride ; in the iodide, eorresponding
to from 0'64 to 4-63 p.c. ; and in the bromide
sometimes eorresponding to as much as 7 p.c. of
the sub-salt.

The photochloride, which the bromine and
iodine compounds resemble in général properties
and methods of préparation, may be obtained in
various colours, varying through salmon, pale
pink, rose* copper-red, reddish purple, chocolaté,
and other shades, to blaek.

The following are some of the methods of
préparation : (1) the chlorination of the métal ;
(2) the partial réduction of the normal chloride ;
(3) the réduction of silver oxide or carbonate by
heat, with subséquent treatment by hydrochloric
acid ; (4) the treatment of the sub-oxide or a
sub-salt with hydrochloric acid, followed by
nitric acid ; (5) the treatment of the sub-
chloride with nitric acid or an alkaline hypo-
chlorite ; (6) the treatment of a solution of
silver nitrate with ferrous, manganous, or ehrom-
ous oxide, and treatment of the product with
hydrochloric acid ; (7) the treatment by hydro¬
chloric acid of the product of the réduction of
silver citrate in hydrogen ; (8) treatment of a
silver solution with potash or soda and a re-
ducing agent, such as milk sugar, or any easily
oxidisable body, the precipitate being treated
with hydrochloric acid.

These salts are permanent in the dark, but
become purple or purplish-blaek when exposed
to light. They are ail decomposed by strong
nitric acid, and slowly dissolve in ammonia,
ammonium chloride, and sodium chloride, leav-
ing a little silver. When heated, the photosalts
are altered in colour, usually towards redness.
Thus the grey sait may become pink at 100°,
while the dark varieties may turn chocolate-
coloured or purple at that température.

The action of light on the chloride, and simi¬
larly on the bromide and iodide, has been vari-
ously attributed to the production of métal,
sub-chloride, and oxy-chloride ; and, more re-
cently, by Carey Lea (l.c. ; v. also C. Staats, B. 21,
2199), to the formation of a photochloride.

The évolution of chlorine under the action of
light is indisputable, but the composition of the
residue is still doubtful. S. B. Newbury (Am. G,

407) and others consider it to be a mixture of
the normal chloride and silver, and Tommasi
(Bl. [2] 37, 291) considers that the product in
the case of silver bromide consists of the un-

changed sait with a sub-bromide and metallio
silver. Hitchcock (Am. 11, 474) found as much
as 4-2 to 4'9 p.c. of chlorine eliminated from thin
films of silver chloride exposed to sunlight in a
current of hydrogen. Carey Lea (Am. S. 38, 356)
has shown that anhydrous silver chloride or
iodide is darkened by light under petroleum,
where the production of any quantity of oxy-
chloride is impossible. Richardson has made a
similar experiment with carbon tetrachloride
(C. J. 1891, 544).

See further regarding the action of light
on the halogen salts, Abney (Pr. 33, 164 ; 40,
251), Staats (B. 20, 2322), Griveaux (C. R. 107,
837), Richardson (C. J. 1891, 536) ; and regard¬
ing the action of dyes in modifying the sensi,-
tiveness of silver to différent parts of the
spectrum (orthochromatic photography) v. H.
W. Yogel (B. 6, 1302; W. 26, 527), Eder (Sitz.
B. 1884, 1117; M. 6, 1 and 7, 1), and Bothamley
(S. C. X. 1887, 423 ; Brit. J. of Photography,
35, 499).

SILVERING is the art of covering the sur¬
face of bodies with a thin film of silver. This is
now effected either by applying thin films of
silver mechanically to the article to be silvered,
or by the electro-metallurgical proeess. When
silver leaf is to be applied, the methods pre-
scribed for gold leaf are suitable. Among the
metals, copper or brass are those on which the
silverer most commonly opérâtes. Ironis seldom
silvered, but the processes for both metals are
essentially the same. The white alloy of nickel
is now often plated.

The principal steps of this opération are the
following :—

1. The smoothing down the sharp edges, and
polishing the surface of the copper ; called
èmorfiler by the Freneh artists.

2. The annealing ; or making the pièces to
be silvered red hot, and then plunging them in a
very dilute nitric acid till they are bright and clean.

3. Pùmicing; or clearing up the surface
with pumiee-stone and water.

4. The warming, to such a degree merely as
when it touches water it may make a slight
hissing sound ; in which state it is dipped in
the very weak aquafortis, whereby it acquires
minute insensible asperities, sufficient to retain
the silver leaves that are to be applied.

5. The hatching. When these small asperi¬
ties are inadéquate for giving due solidity to the
silvering, the plane surfaces must be hatched ail
over with a graving tool, but the chased surfaces
need not be touched.

6. The blueing consists in heating the piece
till its copper or brass colour changes to blue.
In heating, they are placed in hot tools made of
iron, called mandrins in France.

7. The charging ; the workman's term for
silvering. This opération consists in placing
the silver leaves on the heated piece, and fixing
them to its surface by burnishers of steel of
various forms. The workman begins by applying
the leaves double. Should any part darken in
the heating, it must be cleared up by the scratch-
brush.
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The silverer always works two pièces at
once, so. that he may heat the one while burnish-
ing the other/* After applying two silver leaves,
he must heat up the piece to the same degree as
at first, and he then fixes on with the burnisher
four additional leaves of silver, and he goes on
charging in the same way, four or six leaves at
at time, till he has applied, one over another,
30,40, 50, or 60 leaves, according to the desired
solidity of the silvering. He then burnishes
down with great pressure and address till he has
given the surface a uniform silvery aspect.

Silvering by the precipitated silver chlor-
ide. The white curd, obtained by adding a
solution of eommon sait to one of silver ni¬
trate, is to be well washed and dried. 1 part
of this powder is to be mixed with 3 parts of
good pearlash, 1 of washed whiting, and 14 of
sea sait. After cleaningthe surface of the brass
it is to be rubbed with a bit of soft leather, or
cork moistened with water and dipped in the
above powder. After the silvering it should be
thoroughly washed with water, dried, and imme-
diately varnished. Some use a mixture of 1
part of the silver precipitate with 10 of cream of
tartar, and this mixture also answers very well.

Others give a coating of silver by applying
with friction, in the moistened state, a mixture
of 1 part of silver powder precipitated by copper,
2 parts of cream of tartar, and as much common
sait. The piece must be immediately washed
in tepid water very faintly alkalised, then in
slightly warm pure water, and finally wiped dry
before the fire.

. The inferior kinds of plated
buttons get their silvery coating in the following
way:—

Two ounces of silver chloride are mixed
up with one ounce of corrosive sublimate, 3
pounds of common sait, and 3 pounds of zinc
sulphate with water into a paste. The but¬
tons, being cleaned, are smeared over with
that mixture and exposed to a moderate degree
of heat, which is eventually raised nearly to
redness, so as to expel the mercury from the
amalgam formed by the reaction of the horn
silver and the corrosive sublimate. The copper
button thus acquires a silvery surface, which is
brightened by cleaning and burnishing (Ure, 3,
834).

SILVER WHITE. Blanc d'argent «.Pigments.
SIMILOR. A rich-coloured brass, said to be

composed of three ounces of zinc to one pound
of copper.

SINALBIN C30H.,,N2S2O16, a crystalline sub¬
stance contained in white mustard seed (Sinapis
alba), of a sharp taste, easily soluble in water,
and converted by myrosin into sinalbin mustard
oil, acid sulphate of sinapine and glucose.

SINAPINE v. Vegeto-aliïaloids.
SINAPOLINE Diallyl urea CO(NH.C3H.)2.

A crystalline substance obtained by boiling mus¬
tard oil with baryta water or lead oxide.

SINODOR. A term for a basic magnésium
acetate (v. Acetic acid ; also Magnésium).

SINTZ. A name applied to incrustations on
rocks or elsewhere, from minerai waters. Accord¬
ing to the nature of the deposit, it is distin-
guished as calcareous sintz (calcspar or arragon-
ite), siliceous (quartz or opal), ferruginous (fitti-
cite), arsenical (seorodite), &c. (Watts).

SKATOLS v. Indoi,es.

SKUTTERTJDITE. Triarsenide of cobalt v.
Cobalt.

SLATE. (Ardoise, Fr. ; Schiefer, Ger.) A
fine-grained sedimentary rock, usually argilla-
ceous, characterised by a highly fissile structure.
The fissility, termed slaty cleavage, is due to a
rearrangement of the particles of the rock con¬
séquent on compression, and it has been shown
by Sorby and others that the direction of cleavage
is at right angles to that in which the pressure
was applied ; hence the planes of cleavage need
not bear any relation to the original bedding of
the rock. For an able discussion of the subject
of slaty cleavage v. A. Harker, in Eep. Br. Ass.
for 1885, 813.

Most slates have originally been clayey sédi¬
ments, and they consequently présent much the
same chemical composition as clays. It is
notable that minute acicular crystals of rutile
are often abundant. (Od the origin of slate and
of the rutile v. W. M. Hutchings, Geol. Mag.
1890, 264, 316; 1891, 164, 304, 459.) Many
secondary minerais, such as chiastolite and
staurolite, may be developed in slate, espeeially
wliere it is invaded by igneous rocks, such
minerais being commonly found in the zone of
metamorphism around granité intruded into an
area of slate.

The best slates occur in North Wales, where
they have been worked since at least the six-
teenth century. The principal quarries are those
of Penrhyn, near Bangor, and Dinorwig, near
Llanberis, where purple and green slates are
worked in the Llanberis group of the Cambrian
System. The slates quarried around Ffestiniog
occur at a higher geological horizon, being
referable to the Llandeilo beds. In Cornwall
and Devon, slaty rocks of Devonian âge are
abundantly developed, and have been exten-
sively quarried at Delabole and Tintagelin North
Cornwall.

Slates are not only valued as roofing material,
but are used in large slabs for cisterns, flags,
steps, tombstones, billiard tables, &c. Mantel-
pieces are often constructed of slate, and ena-
melled to imitate marble or serpentine. Minor
uses of slate are for splitting into school slates
and cutting up into slate pencils. For pencils a
soft fine-grained material is required, but as only
srnall pièces are used there is no disadvantage in
the rock being broken up by joints and cleavage-
planes. The Skiddaw slate of the Lake District
is used for pencils. The green slates of the Bor-
rowdale sériés of Cumberland, which are used for
roofing, consist chiefly of fine volcanic ash, in
which perfeet cleavage has been developed by
compression.

Although the term ' slate ' should properly
be restricted to rocks which exhibit superinduced
cleavage, it is often extended to fissile rocks
which split along the original planes of bedding.
Such thin flaggy rocks occur in the Oolitic Sys¬
tem, and though not so thin and light as true
slates, are used for sake of their picturesque
effect, espeeially in Gothic buildings. The
Stonesjield slates of Oxfordshire, and the Colly-
weston slates of Rutland are calcareous sand-
stones of this character. Such slates are not

readily split into thin slabs when first quarried,
but need exposure to a winter's frost in order to
develop their latent fissility.
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(For tlie détails of quarrying and dressing
slate v. D. C. Davies, Slate and Slate Quarrying,
London, 1878.) F. W. E.

SMALT v. Cobalt.
SMALTINE. Cobalt arsenide v. Cobalt.
SMIEaCIN v. Saksparilla.
SMITHSONITE v. Zinc.
SOAP. The term ' soap,' in the widest sense,

includes a large number of metallie salts derived
from one or other of thenumerous body of ' fatty
acids, ' the glycerides or glyeerin salts of which
are the main constituents of the various natu-
rally oceurring oils and fats of the animal and
vegetable kingdoms. Comparatively few of these
salts, however, are employed for any useful pur-
pose outside of the laboratory, those chiefiy
prepared being lead soaps, as ingrédients in
certain kinds of pharmaeeutical plaisters ; lime,
magnésium, and zinc soaps, formed in the treat-
ment of certain oils and fats by particular pro¬
cesses employed in preparing materials for
candle-making ; and potassium and sodium soaps-,
which constitute the main ingrédients in the
numerous class of ordinary household, laundry,
and manufacturing soaps, to which, in ordinary
use, the term ' soap ' is usually restricted. The
manufacture of these articles essentially consists
in the treatment of oily and fatty matters with
the alkalis potash and soda, in more or less
pure condition, in such a fashion as to bring
about the change called, in conséquence, saponi¬
fication—viz. the conversion of the natural
glyeerin sait contained in the fatty matter into
the corresponding alkali-metal sait, with élimi¬
nation of glyeerin, the change being expressible
in the case of the glyceride tristearin, the
leading constituent of tallow, by the équation

C3H5 I n . oNa l q(ClsH350)3/ 3 + H |
Glyceryl tri-stearate, Caustic soda,

890 parts. 120 parts.

-

H3 / 3 ■*" C,sH350 f '
Glyeerin, Sodium stearate,
92 parts. 918 parts.

and by parallel équations in other cases ; the
général character of the chemical change being
one of double décomposition, the alkali-metal
of the alkali used exehanging places with the
organic radicle of the glyeerin, so as to form a
potash (or soda) sait of the fatty acid instead of
a glyeerin sait. Under certain conditions alka-
line carbonates can be substituted for caustic
alkalis, earbonie acid being then liberated dur-
ing the reaction ; as a rule, higher températures
(obtainable under increased pressure) are requi-
site to efïect this change. Some considérable
amount of soap, moreover, is at the présent day
prepared by separating, by one or other of seve-
ral methods, from natural fats and oils the fatty
acids therein contained as glycerides, and sub-
jecting the product to pressure, so as to squeeze
out the more liquid portions, leaving behind the
acids of higher melting-point, which are em¬
ployed for candle-making &c. ; the more fluid
' oleines ' (as the liquid or semi-solid fatty acids
are generally, but erroneously, called) are then
directly neutralised with alkali so as to form
soaps by combination, just as any other sait is

obtainable by pntting together the appropriate
acid and base ; thus

^ -, Na \ q _ C18H3lO \ q H \ ~
H / H ( Na fu + H J u"

Oleic acid. Caustic soda. Sodium oleate. Water.

The number of natural vegetable oils and
butters (semi-solid oils) capable of undergoing
saponification, and thereby furnisliing more
or less useful soaps, is very large and eon-
tinually increasing, through the exploration of
new countries and districts and the bringing
into commerce of novel natural products there-
from; but the oils actually used in large quan¬
tifies, and in which any considérable trade is
done otherwise than simply locally, are com¬
paratively few in number, the leading ones being
palm, palmnut, cocoanut, olive, cotton-seed,
groundnut, sunfiower, sesamé, linseed, rape,
liemp, poppv, niger, castor, and sweet almond-
oils ; also shea butter and analogous semi-solid
oils, and so-called ' vegetable tallows.' Of the
animal fats and oils the most important are
tallow, lard, and suet, and the analogous 'kitchen
grease' and fat from horses and other dead
animais not used for food ; various trade refuses,
c.q. from skin dressing, tanning, &c., and espe-
cially bone-boiling and glue-making; whale,
sperm, and seal oils, and cod and various other
fish oils. Few substances of oleaginous or greasy
nature, however, corne amiss to the soapmaker,
so that the ' foots ' of oil refiners (masses of al-
buminous and similar vegetable substances sepa-
rated during refining by means of acids and
alkalis, and retaining considérable amounts of
fatty matters intermixèd) are highly valuable
materials ; whilst the extraction by means of
benzene, carbon disulphide, petroleum spirit,
and other analogous solvents of fatty substances
contained in oil cakes unfit for feeding purposes,
the marcs and crushed residues of oleiferous
seeds, and even engine waste (greasy rags used
for cleaning macliinery, &c.), constitutes a very
considérable trade ; and the séparation of grease
from soapsuds used in cleansing woollen and
other textile fabrics, and even the scum from
sewage, can often be profitably conducted
on account of the possibility of using the re-
covered grease for the manufacture of the coarser
kinds of soap. The yolks of eggs, the whites of
which are. largely used for albumin in calico
printing, and the natural greasy matters ob-
tained from sheep's wool (suint), similarly con-
tain a suffieient amount of saponifiable consti¬
tuents to render them capable of being employed
for the préparation of certain forms of impure
soap.

The principal fatty acids derivable from the
most frequently employed oils and fats belong to
one or other of four well-marked families, indi-
cated respectively by the formulas noted in the
table on next page.

As regards the alkalis used in soap-making
it may be noticed that formerly potashes from
land végétation, and kelp and barilla from the in¬
cinération of marine végétation, and of salsola
soda, were the substances mainly employed ; in
these the alkalis existed as carbonates, and, in
order to render them availablefor saponification,
causticising was essential, effected by boiling
with lime in not too concentrated a solution, so
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Name Formula Melting-point Cliief sources

Stcaric family cnh2„02
%

Lauric acid
Myristie acid .

Palmitic acid .

Stearic acid

Arachidic acid .

Benic acid

ci2h21o2
c i ,hj,02

o^h32o2
018h3s02

c20h,„o2
c3.h„o2

44°c.
54°

62°

69°

75°
76°

Cocoanut oil ; laurel butter (bay fat)
Nutmeg butter; also in cocoanut oil

and spermaeeti
Palm oil, and to some extent in most

animal fats
Tallow, lard, suet, and the chief

animal fats ; olive oil, almond oil
Earthnut oil '
Oil of ben

Oleic family C„H2,i-»02
Physetoleic acid
Hypogœic acid
Oleic acid

Erucic acid

cigh30o2
*

o10H30o2
c18h34g2

c2,hj2o,

30°
34°
14°

33-34°

Sperm oil
Earthnut oil
Most animal fats, especially the

softer ones ; olive oil
Colza oil

Linoleic family CBH2B_402.
Linoleic acid . *c,8h32o2 - Linseed oil

Bicinoleic family GBH2B_203.
Bicinoleic acid
Bapic acid

CbsH;JI03
^18-^-31^3 —

Castor oil
Bape seed oil

e Formerly regarde! as CloH3a03, but shown by recent researches to be indicated by the higher formula liero
assigned.

that the carbonates beeame hydroxides in virtue
of the réaction (in-the case of soda)

Na ,C03 4 Ca(OH)2 = 2NaOH + CaC03.
When the artificial production of soda from

sait by Leblanc'sprocess (involvingthe two stages
of conversion into sulphate by treatment with
sulphuric acid, and heating thesalt-cake ' thus
produced with liniestone or chalk and small
coal) became général, soapmakers frequently
made their own alkali direct from sait ; latterly,
however, the préparation of soda in this way, as
also the similar transformation of minerai potas¬
sium chloride into caustic potash, and the still
later ammonia process for eonverting common
sait into carbonate of soda by treatment of brine
with ammonia and carbonic acid gas, have gradu-
ally become more or less dissevered from soap-
making proper ; so that at the présent day a very
large proportion of the soap of commerce is
prepared from earbonated alkalis manufactured
outside the soap works, and only requiring caus-
ticising before use ; whilst there is an increasing
demand for solid caustic alkalis packed in
drums for export and smaller users, so as to
avoid the necessity of putting up causticising
plant. For further détails of the manufacture
of the alkaline carbonates and hydroxides v.
articles Potassium and Sodium.

It is obvious that the nature of the fatty
matterto be operated upon will greatly modify the
proportions subsisting between the fatty matter
saponified, the alkali required to décomposé it,
and the soap resulting from the opération. Of
the leading substances used in soap-making,
tallow requires, for a given weight, the least alkali j
to produce complété saponification, and forms the
smallest quantity of soap, whilst cocoanut oil
requires the most alkali, and produces the largest

proportion of soap : tallow, consisting of the
C PI 1

glycerides tristearin and triolein, ^ j> 03
C H Pand It ^/~\\ S03, of moleeular weights890 and

v 18 33 /3J
884 respectively, whilst cocoanut oil lias a mean
composition corresponding approximately with

C H Ithat of trilaurin
^ 5q^ j- 03, molecular

weight 638. 1,000 parts of tallow conseq.uently
would require from 1^11 x 120 to 1255 x 120—

890 884
i.c. from 123-6 to 124-4 of caustic soda NaOH

for saponification, and would furnishllll x 918
890

to 1511 x 912—i.e, from 1031-5 to 1031-6 parts of884
sodium stearate and oleate ; whilst 1000 parts
of cocoanut oil would require 1111 x 120 = 188-1

038

parts of caustic soda, and would furnish
1111 x 666 = 1043-9 Aarts of sodium laurate.
638

In a général way the soaps obtained with
potash as alkali are far softer than the corre¬
sponding soda soaps, the précisé texture in any
given case being largely dépendent on the nature
of the fatty acids présent, and the quantity of
water, excess of alkali, and saline matters, &c.,
incorporated with the final product. "What are
termed soft soaps, aecordingly, mainly contain
potash as alkali; whilst the 'hard' soaps of
commerce (ordinary scouring, household, and

S laundry soaps) usually contain only soda. Many
of these are increased in detergent power by
intermixing with the soap proper, during the
course of manufacture, such substances as alu-
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minate of soda, silicate of soda, and the alkaline
compound obtained by treating resin with soda,
or are 'hardened' andrendered firmer in texture
and less readily dissolved or softened by similarly
incorporating neutral salts (such as sodium sul-
phate) so as to prevent waste during use. It by
no means follows that because an oil is soft or

semi-solid, therefore a firm solid soap eannot be
obtained from it, although this is sometimes the
case—e.g. with certain fish oils. Thus cocoanut
oil yields a soda soap so comparatively hard in
texture (especially in presence of silicate of soda
or other hardening salts) that larger quantities
of water can be incorporated therewith without
destroying its solidity than with almost any
other known kind of soap. Similarly the
' oleine' of the candie maker can be made to
fumish a perfectly solid ' hard ' soda soap;
especially when a certain amount of excess of
alkaline matter is also présent ; as also do horse
grease and other soft animal fats when the re-
sulting soap is intermixed with a little sodium
sulphate. On the other hand, typical ' soft '
soaps are obtained by saponifying drying oils,
such as iinseed and poppyseed oils, with pot-
ash, the softness of texture being to some ex-
tent increased through the non-separation
from the resulting soap of the complementary
glycérine.

Most soaps are fairly soluble in pure water ;
but the presence of more than certain small
limiting quantities of saline matter in the water
entirely prevents solution, so that on adding
such salts to an aqueous solution of soap, the
soap is rendered insoluble, and separates from
the aqueous liquor.1 This circumstance is taken
advantage of in the process of manufacture as a
means of purification, ordinary kitchen sait or
excess of alkaline ley being the material usually
chosen as separating agent. When solutions of
potash soaps are thus ' salted out ' with chloride
of sodium the two alkalis usually change places,
so that a soda soap separates out whilst potas¬
sium chloride remains in solution. This method
of preparing soda soaps, using potashes as the
primary saponifying agent, was formerly of con¬
sidérable industrial importance, especially in
districts where soda was scarce, and the ashes of
wood and végétation abundant. It is noticeable
that the opposite change can be to some extent
brought about under proper conditions. Thus, if
a pure soda soap be dissolved in water, and a
considérable amount of potassium chloride
added to the solution, the separated soap con-
sists of a mixture of soda and potash soaps in
proportions varying with the nature of the soap
and the relative masses of potassium and sodium
présent, the potash soap sometimes predomi-
nating. If fatty acids be neutralised by means
of a mixture of équivalent quantities of potash
and soda used in excess, both alkalis beeome
eonverted into soap in sensibly equal proportions,
and not one of them to the more or less complété
exclusion of the other ; whilst on boiling a soda
soap with potash ley, or a potash soap with soda
ley, mixed potash and soda soaps resuit, the two
alkalis forming soaps in practicaliy the propor¬

1 Cocoanut and palm kernel soaps are far more soluble
in saline fluids than most other soaps, whence their use l'or
'marine soap,' which will lather with sea-water.

tions in which they are présent in the total mass.
On the other hand, when potassium carbonate is
added to a molten moist soda soap double décom¬
position takes place, potash soap and sodium
carbonate being formed, whilst but little réaction
ensues between sodium carbonate and molten
potash soap under similar conditions. These
différent behaviours are apparently due to the
circumstance thàt potash, although but a slightly
stronger base than soda, has nevertkeless a
markedly greater tendency to unitg with the
stronger acid présent when two acids are there
simultaneously ; so that in the case of soaps in
contact with alkaline chlorides, the prevailing
tendency is towards the formation of potassium
chloride, and the combination of soda with the
weaker organie fatty acid (this tendency being
somewhat modified according to the relative
masses of sodium and potassium présent) ;
whilst in the case of soaps in contact with alka¬
line carbonates, the leading tendency is towards
the formation of potash soap, the weaker car-
bonic acid associating itself with the soda in
preference (v. Aider Wright and Thompson,
S. C. I. Nov. 1885). The improvement in texture
produced by ' pearlashing ' certain kinds of soda
soap (adding a certain proportion of pearlash
dissolved in a little water to the molten soap) in
the manufacture of toilet soaps has long been
known, although the exact modus operandi of
the pearlash has only recently been cleared up,
and shown to be the formation of softer potash
soap, along with sodium carbonate équivalent
to the pearlash used.

Hydrolysis of soap.—During actual use the
value of soap, as a detergent agent, is largely
due to the fact that contact with water breaks
up a neutral soap into one containing more acid
than one équivalent for one of alkali présent, the
alkali corresponding to the excess of acid be-
coming free, and consequently enabling water to
corne thorouglily into contact with, and to pro-
perly wet, the substances washed, even though
coated with faint films of greasy matter, or other
substances exerting eapillary repulsion for water.
The actual amount of hydrolytie action thus
brought about in any given case varies with the
nature of the fatty acids, being greater cateris
paribus with soaps made with cottonseed and
cocoanut oils, and less with sodium stearate, than
with castor oil soap or sodium palmitate or
oleate. In ail cases it increases with the pro¬
portion of water relatively to the soap. With
acids of the saine family, the higher the mole-
cular weight the less apparently is the hydrolytie
action of a given proportion of water upon apure
soap. The action also is slackened if the water
contains alkaline matter in addition to the soap ;
or, what amounts to the same thing, if the soap
contain excess of alkali over and above that
requisite to saturate the fatty acids présent.
Alcohol, it may be noted, unless dilute, produces
no décomposition at ail of a neutral soap. The
following table exhibits the results of a variety of
experiments upon the rate of hydrolysis of dif¬
férent kinds of soap (Aider Wright, Cantor Lec¬
tures, Journ. Soc. Arts, vol. xxxiii. 1885), the
figures representing the percentages of alkali,
originally présent as neutral soap, that became
free on treating one part of soap with M parts of
water
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Soaps prepared from
Hydrolysis brouglit about by M parts of water

j»/=10 i{=15 M-25 II en © ir= îoo 150

Pure stearic acid .... 0-75 1-0 1-5 2-4 3-4 3-8

Nearly pure palmitic acid . 1*5 1-8 2-3 30 3-5 3-9
Crude lauric acid (coeoanut oil soap). 3-5 4-0 4'7 5-7 6-75 7-0
Pure oleic acid 2-1 2-6 3-5 4-75 6-3 7T
Crude ricinoleie acid (castor oil soap) 1-75 2-25 2-75 3-6 4-3 4-6
Palmitic, stearic, and oleie acids in )

nearly equal proportions (palm oil > 1-2 1-5 2-25 3-75 5-0 5-6
and tallow soap) j

Tallow-resin soap (primrose) 1-7 2'2 2-9 4-0 5-0 5-6
Cottonseed oil soap .... 2-25 2-8 4-2 6-5 9'0 9-8

Manufacture ofsoap.—The exact period when
the knowledge o£ the art of soap-making was
first acquired is somewhat uncertain. True
soap does not appear to have been known to the
early Jews and Greeks ; but an imperfect product,
prepared from goat's tallow and wood-ashlye, is
described by Pliny, whilst the ruins of a fairly
well-appointed soap factory have been unearthed
at Pompeii. The use of lime for causticising
alkaline liquors, and the softer texture of soap
prepared from wood-ash alkali (potash), as com-
pared with barilla (soda), were prohably only
imperfectly, if at ail, understood at this epoch ;
whilst, as regards the actual chemistry of the
soap-making process, our knowledge is of en-
tirely modem origin, being first gained by the
researches of Chevreul. At the présent day
numerous methods and modifications and va-

rieties of processes are in use to a greater or
lesser extent for the préparation of soaps of
various kinds. These may be conveniently classi-
fied in five groups, viz. :—

Group I. Processes in whieh free fatty (and
resinous) acids aredirectly neutralisedwith alkalis.
Por thispurpose the alkalis need notnecessarily be
causticised with lime, but may often be employed
as carbonates. Glycerin is obviously not pro-
duced during the formation of the soap, and is
not contained in the finished article.

Group II. Processes in which fatty gly-
cerides are treated with.alkalis (usually previously
causticised) so as to saponify them, forming soap
and setting free glycerin, these two products
not being separated from another subsequently,
so that the finished soap is mixed with glycerin.

Group III. Processes in which soap and gly¬
cerin are formed from fatty matters and alkalis,
and are then separated from one another, so that
the soap finally produced contains little or no
admixed glycerin.

Group IV. Processes consisting of combi-
nations of various methods of the preceding
types.

Group V. Processes through which soaps,
prepared by some or other of the foregoing
methods, are subsequently put for spécial
reasons ; such as remelting and blending, scent-
ing, and shaping into tablets, ifrc., for tcilet
purposes ; intermixture with other materials,
such as water for purposes of adultération, anti-
septics for sanitary purposes, silicate or car¬
bonate of soda to oheapen and increase deter-
gence, or refining and de-alkalising materials
to remove excess of alkali and render less corro-

sive to tender skins ; solution in alcohol to render
transparent, &c.

Group I. The methods of the first class are
in practice only applied to the ' oleine ' of the
candle-maker, and similar recovered greases
consisting of free fatty acids, and for the pro¬
duction of ' resinate ' of soda for intermixture
with boiled soaps prepared in other ways in the
manufacture of certain kinds of yellow soap.
When carbonated alkali is used to neutralise the
free fatty acids a vigorous effervescence ensues
owing to the escape of Carbon dioxide gas ; in
conséquence, a ' curb ' is provided at the top of
the mixing pan, consisting of a kind of funnel
or wide hoop, temporarily affixed to obviate loss
by frothing over. Caustic alkali, however, is for
several reasons more convenient than carbonate,
whilst the extra cost is but small, so that its use
is ordinarily preferred. The manufacture in this
case is carried out in the simplest possible
fashion. A steam-jacketed pan is provided fur-
nished with an efficient agitator, one of the best
forms of which consists of two sets of vertical
vanes moving in opposite directions so as to
interlace in passing. The ' red oil ' or ' oleine '
is run into the pan and heated up by means of
the steam jacket ; the proper quantity of alkaline
ley, usually previously heated in a separate pan,
is then run in, and the whole thoroughly inter-
mixed by means of the agitator, after which the
mass is transferred to a ' cooling frame,' in
which it gradually solidifies to a solid block of
soap. The amount of alkali used is best gauged
by employing a properly graduated tank, and
running in a known volume of fluid of accurately
known strength. Forevery 282 parts of oleic acid
40 of caustic soda, NaOH, are theoretically
required ; a slight excess is ordinarily employed,
part of which separates out as a fluid exudation
during the solidification of the block, whilst the
rest remains disseminated through the mass,
rendering it more or less rich in ' free alkali '—
i.e. excess of uncombined alkaline matter. Ac-
cording to the percentage of water intended to
be présent in the finished soap the strength of
the ley varies ; thus, if to 282 parts of oleic acid
140 of ley be added containing 45 of caustic
soda, the resulting soap will contain 304 parts
of anhydrous soap,1 and 5 excess of caustic
soda ; so that neglecting loss by exudation,
evaporation, &c., the finished soap will contain
113 parts of water, or 27'3 per cent. ; with, of

1 282 parts of acid and 40 of soda forming 18 of water
and 304 of anhydrous soap in virtue of the reaction
C„H3JOa+Na0H=H30+ 0„H„Ka03.
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course, proportion ately more water if a weaker
ley be used (eontaining the same amount of
soda) and vice versâ. In practice the strength
of the alkaline ley is usually known with suffi-
cient exaetness from its sp.gr. found by means of
a hydrometer. It is to be noticed, however, that
as ordinary commercial soda ash and caustic
soda always contain more or less neutral salts
(sulphate, chloride, &a.), the quantity of actual
alkali présent in a given ley is always appreei-
ably smaller than that deduced from the sp.gr.
détermination, the deficiency being greater the
larger the proportion of saline impurities présent.

Some makers work up ' red oils ' into soap in
a slightly différent way, boiling up the oils with
weak leys, and salting out the partly formée! soap
in much the same way as that adopted in the
préparation of soaps by processes of Group III.
\v. infra) ; when this method is adopted, more
or less grease or other glycerides are usually
worked up with the red oils, so that the process
then becomes a combination one belonging to
Group IV.

In the manufacture of yellow soap resin is
sometimes added to the partly finished soap, so
that resin acids become neutralised by the alkali,
and theresulting résinâtes intermix with the fatty
acid soaps pari passu with their formation ; it
is, however, in most cases préférable to dis¬
solve the resin in strong alkaline ley separately,
and add the resulting mass of resinate to the
fatty acid soap towards the last stage of its pré¬
paration. So far as this method of preparing
resinate is concerned, the process is praetically
identical with the manufacture of soap proper
by direct intermixture of red oils and strong soda
ley as above described.

In the treatment of seouring suds from dye
works and similar factories the grease is often
recovered in the form of free fatty acids, the suds
themselves, or the product of their treatment
with lime, &c., being acidulated with sulphurio
or hydroehloric acid so as to separate the fatty
acids ; these recovered greases are converted into
coarse soap in exactly the same way as red oil.

In ail these opérations a very useful appli-
ance is the ' steam twirl,' consisting of a hollow
agitator made of a convoluted tube capable
of revolving round a vertical axis, and connected
by means of a hollow spindle with the steam
supply. The tube being perforated at intervais
with a sériés of small holes, continuous jets of
steam pass into the mass from the agitator
whilst in use, not only causing more perfect
intermixture, but also heating up the whole mass
by blowing steam through it.

Group II. The processes in which soap is
prepared by saponification of glycerides, without
subséquent séparation of the glycerin set free,
are eonveniently sub-divisible into three classes,
aceording as the materials are below a boiling
heat (so called ' cold prouesses'), or are boiled
in open pans under ordinary atmospheric pres¬
sure (as in the manufacture of soft soap and
marine soap), or are treated at températures
above the boiling-point in closed vessels under
increased pressure, a method of working which
bas corne into some considérable degree of use in
certain districts, notwithstanding some practical
difficulties in carrying it into successful opéra¬
tion.

Cold process soaps. In the manufacture of
toilet soaps, as carried out by perfumers and
others working on a comparatively small scale
(whence the term ' little-pan soaps ' sometimes
applied to the products thus obtained), 1 cold '
processes have long been in use, on account of
the simplieity of the appliances requisite, a pan
and some agitating arrangement being the only
essentials. The mixture of oils, fats, &c., intended
to be saponified is rendered fluid by the applica¬
tion of a gentle heat, and is then thoroughly
intermixed with the appropriate quantity of
alkaline ley of suitable strength, also previously
warmed to a température usually eonsiderably
short of boiling-point. The mass is then set by
for some time, and well covered up so as to keep
in the heat ; usually the saponification does
not proeeed at any considérable rate until after
the expiration of some little time, when the
mass begins to increase perceptibly in tempéra¬
ture through the development of heat during
the chemical change going on. When perfunied
soap is thus made, the process is carried out at
as low a température as possible, in order to avoid
the injury to the scent apt to be caused by long
exposure to higher degrees of heat ; accordingly,
it often happens in soaps of this class that the
action is more or less incomplète, so that the
soap ultimately obtained contains more or less
considérable amounts of unsaponified fatty
matters, and of uncombined alkali that have
failed to react on one another. Of late years a
variety of ' transparent ' soaps has been largely
sold prepared by a similar process, a large per-
centage of ordinary sugar being added to the
mixture in the form of syrup, so that the total
mass when finished often- contains upwards of
half its weight of sugar and water jointly. With
suitably selected oleaginous mixtures (castor oil
being an ingrédient specially suitable, mixed
with more or less lard or tallow, and cocoanut oil,
&o.), and an excess of alkaline matter (which
seems to be necessary to avoid muddiness and
semi-opacity due to defective saponification), a
perfectly clear mass is thus obtainable, which in
practice is generally tinted yellow orange or red
by incorporation of a small quantity of appro¬
priate soluble colouring matter (usually a coal¬
tar dye-stuff). The products thus formed,
though frequently pretty enough to look at, are
often of the vilest quality imaginable, from the
point of view of liability to injure the skin when
used for ablution, owing to the large amount of
alkali in a free state présent, ancl the rapidity
with which the mass dissolves in water when
used. In some of the better class of soaps of
this kind, the transparency is brought about by
the use of more or less alcohol as an ingrédient in
the mass, whereby the amount of sugar otherwise
necessary may be diminished ; glycerin may be
advantageously substituted for sugar, as the latter
has a marked tendency to affect tender skins in-
juriously, but this is rarely done on account of the
increased cost. The following formula and direc¬
tions may be quoted as a sample of the method
adopted in the préparation of cheap cold-process
transparent soaps1 (S. C. I. April 1883):—

1 Transparent soaps produced by the cold process must
not be confounded with tlie older class of transparent soaps
prepared by dissolving dried soap of good quality in alcohol,
v. p. 418.
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• Melt tke following with agitation :—10 kilos,
oocoanut oil, 10 kilos, castor oil, 8 kilos, neutral
tallow, and saponify them at 50°C. with 14 kilos,
of caustic soda at 38°Bé., and continue stirring
until pastiness sets in. Add 8 kilos, loaf sugar
in 8| litres of water at 85°C., taking care to
bring it in gradually. As soon as the soap
begins to solidify at the sides the boiler is
jacketed with a water-bath kept at 80°C. until
it bas attained the proper consistency and the
scum bas separated. Add 20 to 30 per cent, of
loading, agitate well, and then stir in a boiling
solution of 1 kilo, crystallised soda in 1 litre of
water ; dye, perfume, and finish off the batch as
usual.' The ' loading ' referred to is prepared
from petroleuin deodorised by means of bleach-
ing powder and hydrochloric acid, and treating
with ehalk to remove acid : ' 30 kilos of per-
fumed oil are heated to 50°C., mixed with 2 kilos,
of well-dried soap shavings, and heated until a
sample on being taken out solidifies on cooling.'
These directions will give a product containing
about 13 per cent, of sugar, and only about 35
per cent, of actual soap ; whilst the total alkali
used is about 2 of the quantity équivalent to the
fatty matter, so that a large amount of surplus
alkali must necessarily be présent, to the great
injury of the skin of the user of the soap, if un-
fortunately sensitive to such agents.

A ' cold ' process for converting tallow and
other fats into soap on a comparatively large
scale (2 to 3 tons of fatty matter at a time) was
introduced by Hawes some years ago, but has
not been very widely adopted, probably on
account of the difficulty of ensuring complété
saponification. In working this process the
melted tallow is placed in a cylindrical vessel
furnished with an agitator (preferably arranged
horizontally), and the appropriate quantity of
strong caustic ley run in at such a température
as will keep the fatty matter fluid. The agitator
is then worked for some three or four hours, after
which the thickened mass is run off into another
vessel, and allowed to stand some days, to allow
of the completion of the action as far as practi-
cable.

Soft soap. In the manufacture of potash
soaps of this class drying vegetable oils are
usually employed, such as linseed, poppy, and
bempseed oils ; olive and cottonseed oils and
' oleine ' are sometimes used with more or less
train or seal oil, or fisli oils, such as cod oil. Some
palm oil or tallow is generally also added, in
order that the finished product may contain a
small percentage of potassium palmitite or
stearate, which separates out at températures
near to 12°C. in a solid crystalline state, produ-
cing an appearance known as ' figging,' from its
resemblance to the seeds of a fig, and supposed
to indicate superior quality, although on wliat
grounds it is somewhat difïicult to understand.
Vegetable oils, espeeially hempseed oil, usually
communicate a greenish shade, often imitated
in soaps made from other matériels by addition
of ultramarine or indigo. Bleached materials
are preferred when a light-coloured product is
required. The mixed oils to be saponified are
heated in a copper, and potash ley run in in
quantity insuflicient to saponify the resin ; the
whole is then boiled together for some time,
further additions of ley, and sometimes also of

oils, being made from time to time until a sample
taken out and allowed to cool appears a homo-
geneous jelly, free from admixed surplus ley or
undecomposed oil. To attain this point aecu-
rately requires considérable experience and judg-
ment on the part of the workman. Usually the i
first leys are much weaker tlian those subse-
quently employed when the action is well started,
and often they contain an admixture of car-
bonated alkali with the caustic potash ; the
strength of the leys employed, and the time of
boiling (and consequently the amount of evapo-
ration taking place), require to be earefully
proportioned to one another, so as to leave in
the finished mass the required amount of water,
which usually varies between 30 and 50 p.c.
Soda is sometimes admixed with the potash
used to the extent of 25 to 35 p.c. of the total
alkali. If too large a proportion be used, the pro¬
duct is apt to exhibit muddiness and want of
translucency, more espeeially in cold weather.
Soaps made from linseed oil are said to resist
this tendency best, so that during severe frost
this oil alone and potash without soda are pré¬
férable in order to secure a product presenting
the physical appearance regarded as indicative
of good quality ; whilst in warmer weather, and
espeeially in summer, other oils and mixtures
of oils, and potash containing soda may be em¬
ployed with safety. Besin is frequently used as
an ingrédient in soft soap, the palest sorts only
being employed when the colour of the product
is unimportant; this admixture, however, and
still more that of silicate, is highly objectionable
in soaps intended for fulling woollen goods, on
account of the injury thereby caused to the
fibre. Any considérable excess of alkali (in prac-
tice impossible wholly to avoid if complété sapo-
nication is to be effected) is also deleterious for
the same reason. For household and général
scouring purposes, on the other hand, such
admixtures are by no means so injurious, as
they rather increase the detergent power than
communicate any really hurtful quality. The
addition of such weighting materials as glue,
stareh, clay, and the like is, of course, an entirely
différent kind of thing, such admixtures serving
no good purpose whatever, and being adultéra¬
tions' pure and simple.

The pans or coppers used in the manufacture
of soft soap are usually heated by direct firing.
In order to preventfrothing over, a 1 fan' is often
employed, consistiDg of a set of vanes rotating
on a horizontal axle, so arranged that the fan
can be lowered into the pan to any required
depth, and, by revolving just above the surface
of the contents, break the foam and bubbles and
so prevent frothing over.

Marine soaps are prepared in much the same
way as soft soap, with the exception that soda is
the alkali, and cocoanut or palmnut oil the main
or even the sole ingrédient in the mixture of fats
and oils used. Cocoanut oil does not saponify
as readily as many other fats, requiring a pretty
strong ley to effeet décomposition ; but when
the action once starts it goes on rapidly. Usually
the resulting product is intermixed with silicate
of soda, wherebv increased detergence is gained.
On account of the power possessed by cocoanut
oil soda soaps of forming a firm mass, even when
largely admixed with water, espeeially in contact
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with saline and alkaline salts, it often happens
that seouring soaps of tke marine olass contain
but little true soap, as much as 80 to 85 p.e. of
the mass being water, silicate of soda, extra
alkali and salts, and only 15-20 p.c. genuine
soap.

Soaps prepared under increased pressure.
In order to avoid the incomplète saponification
liable to be effected when so-called ' cold ' pro¬
cesses are used, various methods have been
patented in which this fault is avoided by
employing a higher température, produced by
increased pressure. Amongst tkese may be
specially noticed Dunn's process, in which the
fats to be saponified (e.g. a mixture of tallow,
palm oil, and resin) are placed in a boiler along
witli the équivalent amount of caustic soda ley,
and the température then raised until a pressure
of from 1 to 4 atmosphères is indicated, accord-
ing to the degree of ease with which the materials
saponify. After about an hour the action is
complété, and the mass of finished soap is run
out into frames to cool and solidify. In Bennett
and Gibb's method, higher pressures (15 to 20
atmosphères) are employed, whilst carbonated
alkali is used instead of caustic. An agitator
keeps the mass well intermixed, and a continu¬
ons action is maintained, fresh materials being
constantly pumped in at one end of the boiler
whilst the finished soap emerges at the other
end.

Group III. At the présent day by far the
largest proportion of seouring and fulling soaps,
especially those of the laundry and household
class, are still made by the old process of ' soap
boiling ' so carried out that the eomplementary
product, glycerin, is not retained in the finished
soap ; the chief différence between the plant in
a modem soapery and that in use some décades
ago lying in the dimensions of the boiling pans
(somethnes termed ' coppers ' or ' kettles '), which
have gradually increased in size from a capacity
of only a few tons or even hundredweights up to
30 or 40 tons and upwards ; and in the substitu¬
tion of 1 wet ' or ' dry ' steam for free fire as
heating agent, the former being employed when
dilution of the mass with condensed water is
immaterial, and the latter when this bas to be
avoided or when evaporation is to be carried on.
Frequently the pan is fitted with both sets of
steam coils, so that ' wet ' steam can be blown
through the mass by turning on the steam direct
from the boiler into the one coil whence the
steam escapes through a sériés of perforations ;
or, when required, ' dry ' (i.e. high-pressure or
superheated) steam can be passed through the
other coil, such steam not escaping into the
copper itself, but simply circulating through the
worm or heating coil.

Three classes of boiled soaps may be distin-
guished, respectively known as curd, mottled,
and fitted soaps ; the distinction between the
three mainly lying in the manipulation adopted
in the later stages of manufacture, whereby cer¬
tain différences of texture and composition
are brought about. In ail cases the first stage
consists of ' killing the goods '—i.e. converting
by partial saponification the melted fats and oils
into a kind of emulsion. For this purpose com-
paratively weak leys are usually employed, at
first of about sp.gr. 1*05, as strongerones do not

aet so readily upon fresh fatty matter. When,
by boiling- up such leys and the ' goods ' the
action is well started, somewhat stronger leys
are gradually run in, and more goods, if the
whole quota were not employed at first. Ulti-
mately, when nearly but not quite, enough alkali
bas been added to bring about complété saponi •

fication, and the boiling has been properly carried
out, a semi-iiuid mass results, containing the
partly-formed soap in what is termed a ' close '
state—i.e. mechanically mixed to a homogeneous
paste with a considérable excess of water con¬
taining glycerin in solution. The next step is
termed ' graining,' and consists in the addition
of sait either in the solid state or as strong
brine, the effect of which is to render the soap
insoluble, so that a curdy mass separates and
floats up to the top, whilst an aqueous briny
solution of glycerin falls to the bottom, after
standing awhile. If the opération has been
properly conducted, the latter will retain practi-
cally no soda in the caustic state, whilst the
soap has been completely thrown out of solution,
so that no oily matter separates on addition of
an acid to the aqueous liquid. The ' spent
leys ' are then run off, and the saponifica¬
tion completed by further boiling the separated
curd with a succession of fresh caustic leys
until a distinct alkaline taste remains per¬
sistent after long boiling. If mottled soap of
genuine character is to be made, and the curd is
boiled with leys of the right strength, the mass
resulting at this stage simply requires running
into the cooling frames, after séparation of the
leys by subsidence, and, in some cases, addition
of colouring pigments. When the mass pos-
sesses the proper physical texture (a point known
only by observation and experience) the peculiar
resuit is brought about that ail colouring matter,
whether derived from impurities in the original
soap or subsequently added, segregates in veins
as the mass solidifies during cooling, so that
when cold the bloek exhibits a1 mottled ' appear-
ance when eut across. With Castile and Mar-
seilles olive oil soaps of old-fashioned type this
ségrégation does not take place if the pro¬
portion of water présent exceeds a certain
limiting. amount (about 20 p.c.), the soap being
then so fluid that the colouring matters en-
tirely subside to the bottom before cooling is
effected ; wherefore the existence of a mottled
structure has corne to be regarded as evidence
of good quality—i.e. freedom from too large a
proportion of water. Of late years, however,
it has been found that the same phenomena of
mottling can be brought about in soap heavily
watered, by adopting certain methods of manipu¬
lation—e.g. addition of a certain proportion of
silicate, which thickens the texture, and stirring,
while cooling, until the mass becomes stiff
enough to prevent séparation of colouring
matter otherwise than in veins; so that mottled
soap of modem make and that of the older type
are by no means the same thing as regards com¬
position and quality.

When a white curd soap is to be made, the
completely saponified soap paste is put through
a finishing opération consisting of a kind of
washing or dilution with water or weak leys,
and allowing to stand, whereby coloured im¬
purities subside ; the cleansed curd is then
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boiled down until the flakes présent a par-
ticular appearance dépendent on the amount
of water retained, which again dépends on the
strength to which the ley has been boiled.
After standing to allow the leys to separate, the
acid is run into the eooling frames, and concrètes
on eooling to a white mass usually containing
more or less alkaline ley mechanically entangled,
and conseç[uently somewhat alkaline in character
as a whole.

The opération of ' fitting ' is in principle
much the same ; the soap paste is allowed to
stand some hours and the leys run off, and thewhole
then heated up with wet steam—and, if need be,
weak leysr—until a peculiar texture termed the
' fit ' is attained, when the whole mass is allowed
to remain at rest some days, according to the
size of the pan. During this time the contents
separate into three layers—uppermost, a frothy
soap, known as the ' fob ' ; at bottom, aqueous
liquors and dirty impurities that have subsided,
termed the ' niger ' ; and in the middle, the
cleansed or ' neat ' soap, ready to run into the
frames. Besin soaps are those most usually
fitted, and ordinarily contain (when fresh and
undried by storage, and if not intentionally
weakened by dilution) some 30 p.c. of water.
Inasmuch as boiling down is not requisite in the
case of fitted soaps, as it is with curd and genuine
mottled soaps, a close steam worm is not indis¬
pensable for the fitting pan, wet steam sufficing
to carry out the entire opération if so desired.
Owing to the mode of préparation a well-fitted
soap is necessarily almost wholly free from any
excess of alkaline matter, whereas curd and
mottled soaps often contain considérable quan¬
tifies of alkaline matter derived from the leys,
or even intentionally added by intermixture in
the soap frame as 'hardening ' agents—i.e.
materials tending to give a fictitious stiffness
and eonsistency to the mass, and so to disguise
' letting down ' by copious watering. The art of
tlius ' making water stand upright ' is now so
widely practised through compétition as to be
regarded by manufacturera as one of the normal
opérations of the soap factory.

Group IV. Soaps prepared by combinations
of the various processes of the preceding three
groups are of comparatively small importance,
the chief being those where mixtures of unsa-
ponified fatty matters and red oils or other free
fatty acids are worked together, being usually
boiled up and treated precisely as in the case of
unsaponified fats alone when treated by methods
belonging to the third group. Besin soaps also
are sometimes made by adding resin gradually
to nearly finished soap, prepared by boiling after
séparation of the earlier spent leys and during
the subséquent boiling with fresh leys. In this
case resinate of soda is gradually formed and
intermixed with the soap proper ; and in the
same way potash resinate is sometimes formed
and incorporated with true soft soap, by gradually
adding resin during the later stages of soft soap
boiling. Preferably, however, the resin is sepa-
rately dissolved in alkaline ley, and the fluid thus
obtained directly intermixed with the boiled soap
in the latest stage of the opérations just before
fitting and finishing.

Group V. Processes employed subsequently
to saponification. By whichever of the foregoing

Vol. III.—T

methods soap may have been formed originally,
it is ultimately obtained as a more or less soft,
warm, or hot mass, which is run into ' frames '
to cool and solidify. These frames are made of
iron plates or of wooden bars, in such a way as
to be readily taken to pièces and put togethei
again as required, the separate portions being
held together by rods terminating in screws and
furnished with nuts, the size varying with cir-
cumstances from a capacity of 1 cwt. or less for
choice kinds of toilet soaps up to a ton and up-
wards for household soaps. When quite cold
the frame is dismantled so as to leave a block of
soap the size of the interior of the frame. This
is eut into slabs by means of a cutting wire
pulled horizontally through the mass by hand
or machine, and these are similarly eut trans-
versely into bars, usually of about 3 lbs. in weight.
The bars thus produced are generally piled loosely
on one another so as to dry them slightly ex-
ternally and case-harden them ; occasionally the
same resuit is obtained with less loss of weight
by immersion in brine. In certain cases various
ingrédients are well ' crutched ' or stirred into
the mass whilst still semi-solid before eooling—
e.g. water, silicate of soda, solution of sulphate
of soda, or soda ash, or other aqueous fluids— as
diluting or hardening agents ; nitrobenzene to
disguise tallowy or rancid odour, and commu-
nicate almond-like perfume; carbolic acid and
other analogou3 substances in the préparation
of sanitary and disinfectant soaps ; and so on.
With highly-watered soaps, or where for any
reason there is a liability to séparation between
the soap and ingrédients added, the crutching is
kept up in the frame until the mass has cooled
down and stiffened so thoroughly as to prevent
any future ségrégation taking place. When the
substances incorporated are volatile, on the other
hand, as little stirring as possible is used con¬
sistent with due intermixture, and the frame is
eovered to diminish volatilisation.

When the soap dealt withis of superior quality,
intended for toilet purposes, various subsidiary
opérations are often gone through for the purpose
of improving its nature. Of these, remelting in a
steam-jacketed pan is one frequently practised,
the object here being generally to blend together
several kinds of soaps, or to improve the texture
of the product. After incorporation with the mass
of the appropriate perfurnes and other ingrédients
■—such as bees-wax, spermaceti, glycerin, &c.—
the whole is recast in smaller frames and then eut
up into slabs and bars, and finally into smaller
masses, which are then stamped into tablets in
machines provided with dies very much after the
fashion of rough coining and medal presses, ex-
cepting as regards the way in which the pressure
is communicated, foot or hand power being
often employed. In order to improve the tex¬
ture of certain soda soap blends, a quantity of
pearlash dissolved in water is sometimes added
to the fused mass before running into the frames.
The efîect of this, as already noticed, is to pro¬
duce a quantity of potash soap and sodium car¬
bonate équivalent to the potassium carbonate
thus added ; so that the finished soap has the
disadvantage of containing still more free alkali
than the original materials. A process intro-
duced by the author has for its object the oppo¬
site resuit of diminishing the free alkali présent.
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This is effected by adding to the mass a weighed
quantity of sal-ammoniac (or other suitable am¬
moniacal sait) proportionate to the alkalinity to
be destroyed ; the ammoniacal compound is thus
resolved into free ammonia, which escapes (either
at once or subsequently), whilst the acid con¬
stituent of the sait neutralises the alkali required
to be destroyed.

The proeess of milling is one used for certain
of the more expensive kinds of toilet soaps, and
inasmuch as beat is avoided thereby, it is pecu-
liarly applicable to the more delicately perfumed
varieties. The stock soaps employed as basis,
preferably of the finest quality obtainable, are re-
duced to skavings by a machine acting on the
principle of a rotary plane ; these are then partly
dried so as to diminish the amount of water

présent, and are then ground between rollers
along with the colouring matters, perfumes, and
other ingrédients required. Ultimately, a stifï
putty-like mass is obtained, which is forced by
screw or hydraulic pressure through an orifice
so as to shape it into bars, which are then eut
into short lengths and the pièces stamped into
tablets.1

One of the most élégant forms of toilet
soap is one which unfortunately is mueh less fre-
quently met with in the trade than eheaper and
far inferior productions ; this is soap rendered
transparent by drying to render anhydrous, solu¬
tion in alcohol, and distilling off the solvent.
Most soaps thus treated yield residues possessing
more or less transparency after tolerably com¬
plété expulsion of remaining alcohol by long expo-
sure to air, those prepared with the finer kinds of
resin being especially suitable, particularly if
an addition of glycerin to the mass be made
before the spirit is volatilised. Tor the sake of
cheapness, however, most of the spirit-process
transparent soap sold is made by substituting
methylated spirit for pure alcohol, and sugar for
glycerin; the effect of which, especially when
relatively coarse fatty matters are used as basis
of the stock soap, is vastly to deteriorate the
quality of the product. This is generally devoid
of ' free alkali,' that being left undissolved (as
carbonate) by the spirit ; but the advantage
thus gained is more than lost by the presence of
sugar, that substance having a most objection-
able effect on tender and sensitive skins.

Analysis and valuation of soap. According
to the spécial purpose for which any given kind
of soap is required, so are various requirements
more particularly important than others. Thus,
if a soap is intended for scouring woollen goods
or for application to the skin, the most impor¬
tant characters are freedom from excess of
alkaline matter that might otherwise act in-
juriously, and suitability in physical properties
(as regards solubility &c.), and in the chemical
nature of the fatty matters used ; whereas, for
many household purposes—e.g. scrubbing floors,
&c.—the presence of an extra amount of alkali
besides that présent combined with fatty acids
is likely to be bénéficiai rather than the reverse.
In ail cases an important considération is the

1 An analogous proeess has been patented by the author
whereby bot fiuid soap is passed through cooling tubes, and
whilst still pasty pressed through an adjutage so as to emerge
iu the form of a solid bar, whereby the opérations of casting
in frames and cutting up are dispeused with.

amount of water présent and that of foreign
matters added, either as weight-giving ' filling,'
or to inerease the firmness of the mass and give
it a fictitious appearance of solidity. Amongst
substances of this latter class salts of an alkaline
reaction, especially alkaline carbonates, when
added to scouring soaps are least objectionable,
inasmuch as they more or less inerease the dé¬
tergent power ; whilst neutral salts, such as
sulphate of soda, and inert solid matter, such as
farina, pipeclay, or chalk, are of absolutely no
value, excepting in so far as they more or less
prevent wasting during use through softening
and dissolving too quickly. An imperfectly made
soap containing much unsaponified fatty matter,
or one containing an undue admixture of water,
petroleum, sugar, or other diluting agents, is
obviously valueless to the consumer so far as the
ingrédients other than soap are concerned.
Accordingly, the most useful déterminations in
forming an opinion as to the eharacter and value
of a given soap are those which will lead to the
knowledge of the amount of actual soap présent,
the nature of the fatty materials used. in its
préparation, the quantity of surplus alkali présent
in forms other than soap (i.e. other than résinâtes
and alkali salts of fatty acids), and the nature
and amount of the other ingrédients besides
water (if any). Moreover, in medicated soaps
the presence of a due amount of the active con¬
stituent incorporated is a most important point,
as similarly in sanitary and disinfecting soaps—
e.g. the amount of phénol in a ' carbolic aeid
soap '—wherefore the détermination of such
substances in soaps of this class is usually that
most required.

In général, a fair notion of the eharacter of
a soap may be obtained by determining the fol-
lowing quantities :

1. Amount of fatty and resinous acids pro-
duced on décomposition by a minerai acid. If
unsaponified fat and certain other substances
(paraffin, uncombined resin, &c.), insoluble in
water but liable to be mixed with the liberated
fatty acids, be présent, their amount (and nature)
must be determined in order to correct the first
value as directly obtained. Commercial soaps
almost invariably contain a small quantity of
such matters, usually less than one per cent, if
the soap have been made from natural fatty
and oily materials, but considerably exeeeding
this amount in other cases where additions of
such substances have been purposely made.

2. The total alkalinity of the soap expressed
as anhydrous oxide of sodium (or potassium).

3. The alkalinity due to substances other than
soap similarly expressed.

The pereentage of actual soap présent is then
known by adding together tbe amount of alkali
présent as soap (the différence between the values
2 and 3) and that of fatty acids (value 1 after
correction, if need be, as above), and subtracting
from the sum the amount of water taken up
during décomposition of the soap and libération

9
of the fatty acid. This amount is obviously
of the combined alkali expressed as anhydrous

g
sodium oxide Na.,0 ; or ^ of that expressed as
anhydrous potassium oxide, ICO ; for, supposing
sodium stearate is dealt with, the reaction of
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décomposition into fatty acid and anhydrous
sodium oxide may be written 2Na.ClsH3302 + H,0
= 2ClsH3(i02 + Na.,0 ; and similarly in other
cases. Expressed in symbols, if a = fatty acids
(corrected as above), b = total allcali, and c = alkali
other than soap in 100 parts of soap, then the

9

percentage of actual soap is a+b — c — jjr (& — c)
= a + ^ (6 — c)if the alkali be soda ; and a + b — c — ^
(6—c) = a + |y (b —c) if it be potash.

In stating the results of an analvsis, it is
usual to make the total déterminations snm up
to 100. If, however, ail the constituents of a

soap be determined, the fatty acids being weighed
as above, the sum will obviously exceed 100 by a
quantity equal to the weight of water taken up

during décomposition—viz. (6 — c) in the case of
g

soda-soap, and ^ (b — c) with a potash soap. To
obviate this it is usual to calculate the value of

c) oro^ a~ïj (b-c),i.e. the corrected
fatty acids, less the water taken up during décom¬
position of the soap by acid, and to state it as
1 fatty anhydrides.' Thus, if on analysis a
soda-soap gave the figures : Fatty acids 65-25
p.c., total alkali 8-55, combined alkali 0'85 : the
value of a — ^ (b—c) would be 65-25 — ^ x 7-70
= 63-03, and the analysis would be stated
thus

Fatty anhydrides 63-03 ) =70-73 p.c. of
Combined alkali 7*70 j actual soap

Water, free alkali, "1 00.07 fcontaining-85p.c.
saline matters, &c. / . \ free alkali

100-00

the alkali throughout being expressed as Na,0.
The amount of actual soap présent being

thus known, additional valuations of the other
constituents présent (water, sodium chloride, and
other neutral salts, silicate, sugar, &c., &c.),
can be proceeded with if required ; but in most
cases an examination of the fatty acids set free
with a view to determining approximately their
nature will suffice. For this purpose the melt-
ing-point, général physical properties, odour,
and especially their mean molecular weight
frequently render service. The last is readily
calculable from the amount of fatty acid and
combined alkali found as above; since if x
be the mean molecular weight required,
31 l x :: b-o : a if the alkali be soda, and
IT : x :: b-c : a il potash ; whence x = 31 x

for soda soap, and x = 47 x for potash soap.

For example, a soap yielding fatty acids = 60
p.c., and combined soda = 8-0 p.c., would give
the value for x = 31 x ^ = 232-5 ; a figure which
would at once suggest that a considérable amount
of cocoanut or palm-nut oil had been used
amongst the fatty matters from which the soap
was made, inasmuch as these oils give fatty acids
of mean molecular weight of 200 or less, whilst
the molecular weight of palmitic acid (the
lowest of the other fatty acids usually met with)
is 256.

The following table exhibits the values of x
for the leading pure fatty acids, and various
mixtures obtained from ordinary sources—i.c.
common fats and oils—according to the author's
experience ; very similar values are deducible
from the results published by other observers :—-

Acid Formula Molecular
Weight

Brassic C2,II,202 338
Arachidic . c20h„o2 312
Bicinoleic . Cl8H3 J03 298
Stearic C1sH36O2 284
Oleic . c18H3,02 282
Linoleic c,8h32o2 2S0
Palmitic - C, H,..0„ 256

Physetoleic c16h30o2 254

Myristio CmH2sO2 228
Lauric H J ,0. 200

Fatty acids from Chiefly C,sH3b02 270 to 285
tallow, lard, and 0j8H31O2
and cotton- with a little
seed oil . C,eH320,

Ditto from castor Mostly C1SH3103 290 to 295
oil .

Ditto from cocoa¬ Lauric acid 195 to 200
nut oil . C12H2402 with

lower and
higher homo¬
logues

Ditto from mix¬ Ci8H3(,02,G,RH3402, 200 to 270
tures of tallow and C,bH3202
and palm oil .

Analytical process.—I. Fatty acids produced
on décomposition by a minerai acid. A weighed
quantity of soap is dissolved in hot water, and
suffieient minerai acid added to produce com¬
plété décomposition after thorough stirring. On
standing, the liberated fatty and resinous acids
fioat up to the top, and solidify to a more or less
soft cake, which maybe carefully removed, dried,
and weighed. For this mode of procédure at
least five, and preferably ten or twenty, grms. of
soap should be taken. If the cake is too soft to
bear handling, a weighed quantity of high melt-
ing paraffin wax, bees-wax, or some similar
material should be added to the hot mass after

stirring with the minerai acid, and the weight
deducted from that of the dried cake ultimately
obtained. Instead of allowing a cake to separate
hy cooling, the hot fluid may be transferred to a
separator provided with a stopcock, and when
sufiiciently cool shaken up with ether or the
lightest petroleum spirit. This dissolves the
fatty acid, so that two layers of liquid are ob¬
tained, the lower one an aqueous liquor which is
run off, and the upper one the ethereal or spirit
solution of fatty acids, which is collected and
evaporated to dryness and the fatty acids left
weighed. Operating in this way, one to two
grms. of soap will generally be found a more
convenient quantity to deal with than larger
amounts.

To obtain a correction for unsaponified fat,
&a., a weighed quantity of soap is thoroughly
dried, powdered, and treated with ether or
lightest petroleum spirit as long as anything is

E E 2
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dissolved out. The extract thus obtained yields
on evaporation to dryness the uncombined resin,
unsaponified fatty niatter, non-volatile hydro-
carbons, and similar substances that may have
been présent in the soap, and that were neees-
sarily weighed along with the true fatty acids in
the previous détermination. Another method of
manipulation is to dissolve the soap in a mini¬
mum of hot water, transfer to a separator, and
agitate repeatedly with petroleum spirit or ether
as soon as the température is sufficiently lowered
to permit of this being done safely. The residue
left on evaporation of the extract thus obtained
generally contains traces of soap when ether is
employed as solvent, wherefore petroleum spirit
is préférable, provided it is sufficiently volatile
to cause no incrément in weight when a known
quantity of bees-wax or paraffin is dissolved
therein, and the solution again evaporated to
dryness.

II. Total aXkali présent. This détermination
can generally be conveniently combined with
that of fatty acids by using a known volume of
standardised sulphuric, nitric, or hydrochloric
acid to décomposé the soap. After séparation
of fatty acids (as a cake or by a solvent) the
aqueous liquid is titrated back by a standardised
alkaline solution, so that the volume of acid
neutralised by the alkali in the soap is known.
If pure nitric acid be used and an alkaline solu¬
tion free from sulphates and chlorides, the
neutralised fluid resulting after back-titration
can be divided into two portions, used respec-
tively for the détermination of the sulphates and
chlorides présent in the soap, should it be re-
quired to détermine their amount. Of the
various acid and alkali colour indicators avail-
able during titration, cochineal tincture is
usually one of the most convenient, as any un-
decomposed soap ordinarily reacts alkaline there-
with, whilst the colour change is more readily
visible by gaslight than that of many other
indicators.

III. Free alkali. A weighed quantity of
soap, preferably freed from unsaponified fat by
means of petroleum spirit as above described,
is dissolved in hot alcohol as nearly anhy-
drous as possible. Ordinary methylated spirit
usually suffices if the soap is not a very moist
one. The hot fluid is filtered through a hot
water filter, and a little phénol phtlialein
added to the filtrate. If a red colour is visible
the amount of alkalinity is determined by
dropping in a standardised acid solution (pre¬
ferably alcoholic). If no colour is visible, a
similar alkaline solution is used to détermine
any acidity (négative alkalinity). The filter,
after well washing with alcohol, is treated with
water and the alkalinity of the solution deter¬
mined. The algebraic sum of this and the other
positive or négative alkalinity of the filtrate
represents the ' free alkali.' Most soaps thus
treated yield a praetically neutral filtrate, and a
residue of sodium carbonate (or silicate, &c.) on
the filter. If the filtrate is strongly alkaline, the
soap contains caustic soda or potash to the ex-
tent thus indicated ; this, however, seldom occurs
in practice, excepting with very freshly made
soaps, as the caustic alkali originally présent
becomes rapidly carbonated by exposure of the
soap to the air. In such a case, any unsaponified

fat présent must be removed before solution in
alcohol, otherwise the caustic alkali présent will
become partly neutralised by the fatty acids
contained in the fat in virtue of the saponifica¬
tion brought about. Acidity in the filtrate may
be sometimes brought about to a minute extent
by the action of carbonic acid during filtration,
whereby a trace of di-acid sait (stearate, oleate,
<Src.), soluble in alcohol, is formed, together with
a corresponding amount of alkaline carbonate
insoluble therein.

IV. Examination for otlier conslituents.
Substances insoluble in alcohol—such as starch,
bran, fine sand, china clay, pigments, and
similar matters—are for the most part left on the
filter used in the previous détermination if
alkaline carbonates, &c., are dissolved thereoff
by water. The Si02 présent as silicate is best
determined by incinerating a known weight of
soap, evaporating the ashes to dryness with
hydrochloric acid, and separating silica in the
usual way. Chlorides and sulphates may be
determined as above when nitric acid is used to
separate fatty acids, or in separate portions from
which the fatty acids are separated before pre-
cipitating with silver nitrate or barium nitrate.
Glycerin and sugar, when présent simultane-
ously, are not very easy to détermine accurately.
Cane sugar may be inverted and determined by
Fehling's solution, using for the purpose a por¬
tion of the liquid from which the fatty acids
have separated after acidification ; and the
glycerin may be at least approximately found
by conversion into oxalate by means of per¬
manganate. When présent alone the glycerin
may also be found by separating fatty acids by
excess of sulphuric acid, exactly neutralising
with sodium carbonate, evaporating to dryness,
and treating the residue with alcohol, the ex¬
tract being purified by evaporation and solu¬
tion in absolute alcohol, and any minerai matter
contained being estimated (by incinération) and
subtraeted.

When potash and soda are simultaneously
présent, the soap may be decomposed with
hydrochloric acid, and the filtrate from separated
fatty acids evaporated and treated with platinum
chloride in the usual way.

Resin. It is sometimes désirable to déter¬
mine the proportion between fatty acids proper
and resin in resin soaps. Unfortunately no very
accurate process appears to be available for this
purpose. The one which in the author's hands
lias given the least unsatisfaetory results is
that due to Gladding (C. N., April 14, 1882),
which consists in separating the fatty acid plus
resin, dissolving about -5 grm. in 95 per cent,
alcohol, slightly supersaturating with alcoholic
potash, and boiling to complété saponification
(if imperfect),1 making up to 100 c.c. after cool-
ing with ether, and well agitating with finely-
powdered silver nitrate. The effect of this is to
form the silver salts of the resin acid présent,
which are soluble in ether, whilst the silver salts
of ordinary fatty acids are insoluble therein, or
nearly so ; so that by filtering ofi a known
fraction of the ethereal liquid, and shaking with
dilute hydrochloric acid, there is ultimately ob¬
tained an ethereal solution of the free resin acids

1 Any unsaponified fat would be retained in ethereal
solution'subsequently, and ultimately weighed as resin.
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Analyses of varions typical Jcinds of soda soap.

' Primrose,'
London make

' Ivory,'
Canadian

' Cold water,'
English

•Cold water,*
Canadian

Oleic acid
soap,

London make

Imitation
Castile soap,

English

Fatty anhydrides .

Kesinous „ .

Combined alkali (Na20) .

Sodium carbonate .

„ chloride
„ sulphate .

Water with minute quan¬
tifies of insoluble mat-
ters, lime, ferrie oxide, &c.

46-88
15-40
7-12

•14
•14
•07

| 30-25

43-33
25 00

7-72
2-64

1 21-31

;

43-70
22-00

9-28
•58

24-44

45-85
24-00
800
2-22

19-93

62-71

7-36
•68

29-25

61-45

8-46
3-18
1-17
1-23

24-511

100-00 100-00 100-00 100-00 100-00 100-00

Percentage of true soap .

Free alkali (Na20) .
Mean molecular weight

of fatty aeids, &c.

60-40
•08

280

76-05
1-54

283

74-98
■34

230

72-07
1-30

280

70-07
•40

273

69-91
1-16

234

1 Ineluding -71 per cent, of insoluble pigments.

■

Mottled soap,
old-fashioned

(Lant
Carpenter)

Mottled soap,
modem

(Lant
Carpenter)

.Best tallow
curd,

London make

Bleached
palm oil,

London make

Marine soap,
non-silicated

Marine soap,
silicated

Fatty anhydrides .

Combined alkali (Na.,0) .

Free alkali (ineluding tliat
présent as silicate)

Silica (Si02) .

Sodium chloride
Sodium sulphate
Water and insoluble mat-

ters, pigments, &c.

62-5
7-0

•6

•1

29-8

46-6
5-2

•8
1-3

•8
•3

45-0

66-60
7-51

•50

1-35
•20

23-84

66-20
7-83

•40

2-05
traces

23-52

32-00
5-20

2-25

7-65
1-45

51-45

13-50
2-27

8-36
10-50
5-05

■35

59-97

100-0 100-0 100-00 100-00 100-00 100-00

Percentage of true soap .

Mean molecular weight of
fatty acids .

69-5

285

51-8

287

74-11

284

74-03

271

37-20

200

15-77

197

Toilet Soaps.

High-class
milled soap of

Transparent soaps

_

High-class
opaque soap,

English

Inferior
opaque soap,

English Made bycold
process

Made by spirlt process

make

Sugared Genuine,
not sugared

Fatty anhydrides .
Uncombined resin and

unsaponified fats .

Combined alkali
Sodium carbonate .

Sugar ....
Glycerin ....
Water and minute quan¬

tifies of salts

83-60

1-00
9-80

•24

5-36

60-20

6-98
•17

3-00

29-65

65-00

8-91
1-73

6-00

18-36

38-90

•40
5-57
3-80

28-00
3-00

20-33

65-60

3-00
7-73
Nil

14-00

9-67

68-10

3-20
7-62

•20
Nil
7-00

13-88

100-00 10000 100-00 100-00 100-00 100-00

Percentage of true soap .

Free alkali (Na,0) .

Mean molecular weight of
fatty acids .

93-40
•14

274

67-18
•10

276

73-91
1-01

226

44-47
2-22

225

73-33
Nil

272

75-72
•14

286
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themselves, which is evaporated and weighed.
The main source of error is the uncertainty about
the correction to be applied to allow for the
solubility of the silver salts of the fatty acids
présent. Gladding considers that 100 c.c. of
alcoholic ether dissolve '0235 grm. (representing
4-7 per cent, of the mixture used when -5 grm.
is employed). The author's experience is that
whilst this figure is not far from the truth vith
some kinds of fatty acids and mixtures thereof
(e.g. oleic acid and cotton seed oil mixed, or
stearic acid mixed with cocoanut oil), it is con-
siderably différent in other cases, stearic acid
alone giving only about half the amount, and
castor oil more than double the quantity (v.
Aider Wright and Thompson, C. J. Abstracts
of Proceedings, No. 20, 1886).1

Water. Ùsually the direct détermination of
water présent is unnecessary, excepting as a
check on the other values. A weighed quantity
of the soap eut into thin shavings is heated in the
water bath, and finally to 110°-115° in a hot-air
bath until constant in weight, and the loss
reckoned as water. Frequently the heating can
be conveniently done in a weighed porcelain
disk over a sand bath, the mass being carefully
stirred with a glass rod (weighed along with the
dish) until ail moisture is expelled, usually indi-
cated by the cessation of dew-deposition on a
cold piece of glass placed for a few seconds over
the dish.

The analyses on preceding page, made by
the author when not otherwise stated, illustrate
the composition of various typical kinds of soda
soap. C. E. A. W.

SOAP-BAKK. A few years since a peculiar
bark was introduced into the European trade,
and reeommended to be employed instead of
soap for washing and cleaning printed goods,
woollens, and silks, espeeially for the delieate
colours of ladies' dresses, &c. This soap-bark is
externally black, but internally the liber consists
of layers of yellowish-white. The bark is re-
markable for its density, as it sinks in water.
The cause of this is the great quantity of minerai
substance in its ashes, there being 13-935 p.c.
in the internai parts dried at low température,
and 18-50 p.c. when dried at 100°C. The ashes
consist largely of carbonate of lime, which forms
2-60 p.c. of the 13-935, and appears as small
crystalline needles, isolated or in groups, in the
cells of the liber, not only between its concentric
rings but in every part of it. They glitter in
the sun, resembling under the microscope the
aragonite form of the crystallised carbonate of
lime.

The soap-viort (Saponaria officinalis) is some-
times used for scouring and cleaning dresses.
Several of this family of caryophyllaceous plants
(Dianthus, Lychnis, Gypsophila, Silene) are re-
markable for this property in a greater or less

1 Since the above was written, a metliod lias been intro¬
duced by Twitchell whicll gives satisfactory results ; this
consists in dissolving a weighed quantity- of mixed, fatty,
anrl résinons acids in absolute alcoliol, and passing in dry
liydrochloric acid gas. Fatty acids are tlius converted
into compound ethers, whilst resinous acids are uuaffected ;
by adding water and ether an aqueous solution of hydro-
cîiloric acid is washed out on agitation, wliilst an ethereal
solution of neutral compound ethers and free resiuous acids
is obtained ; by titrating this witli standard alcoholic
alkali, using plienol plithalein as indicator, tlie latter are
reailily determined (v. Aualyst, 1891 [16] 169).

degree. By chemical means there has been
extracted from these roots the saponin (or
struthiine), a spécial substance, and to this,
notwithstanding the very small quantity con-
tained in the roots, the singular power is attri-
buted of making emulsions, and of being used
for soap in washing. The soap-wort of the
Levant (Gypsophila) is, to this day, employed in
the East for washing and cleaning silks and
shawls. It is generally used in the Mediterranean
districts of France and Spain ; the French called
it herbe aux foulons (the fuller's plant). The
Saponaire, or Savonière of the French, is the
root of a kind of Lychnis. Saponin was found
by Henry and Boutron Charland in the bark of
the Quillaja Saponaria, a tree of the family of
rosaceous plarits, and a native of Huanueo, in
Peru. Ferdinand Lebauf made mention of this
bark in 1850 for its richness in saponin, and
reeommended it for pharmaceutical use in pre-
paring emulsions of oils, resins, balsams, and
several other médicaments. He mentions like-
wise the bark of the Yallhoy (Monnina poly-
slachya) as contàining saponin. The fruits of
Sapindus Saponaria, known as ' soap-berries,'
are used in America and the West Indies for
washing linen (Ure, 3, 853).

S0APST0NE v. Sïeatite.
S0AP-W0KT. Saponaria officinalis v. Soap-

bark.

SOB1TJM. Na. At. wt. 22-995.
Occurrence.—Sodium occurs as chloride in

rock sait or halite, and in sea and other natural
water. As nitrate it occurs in soda nitre,
nitratine, or Chili saltpetre, forming large super-
ficial deposits in Chili, Peru, &c. As sulphate,
it is found in Glauber's salts or miràbilite
Na„SO410H2O ; as carbonate in natron

Na,CO,10H,O,
and trôna Na4C309.4H20 ; and as double fluoride
with aluminium, in cryolite 3NaF.AlF3. Among
the rock-forming silicates it occurs in oligoclase
(soda felspar) 2A12033Si0,.2(Na20.Ca0)3Si02;

albite Al2033Si02Na20.3S"i0, ;
labradorite Al2032Si0sNa,0.Si02 ;

sodalite 3(Al203SiÔ2.Na2Ô.Si0.,)2NaCl ;
analcime Al203.3SiÔ2.Na,0.SiÔ,.2H20,

and many other silicates.
Préparation.—A résumé of the history and

earlier methods of préparation of potassium and
sodium has been given in the article on Potas¬
sium.

The first method adopted for the préparation
of sodium on the large scale was that of Deville,
who substituted that métal for potassium in the
manufacture of aluminium (Deville, ' De l'Alu¬
minium.' Paris, 1859, 60, 120 ; A. Ch. 1856, 46,
415 ; D. P. J. 134, 369 ; 141, 303).

A mixture of 30 parts calcined sodium car¬
bonate, 13 of coal, and 5 of chalk is calcined to
render it more compact, and is then introduced
into a mereury bottle b (fig. 1), which is placed
in a furnace as shown. When the bottle attains
a reddish-white heat, vapours of sodium appear
at the mouth of the tube d, and burn with a
bright flame. The condenser e is then applied
to the tube, which only projects slightly beyond
the furnace, in order to prevent obstruction by
condensed métal. The condenser is of the form
introduced by Mareska and Donny (A. Ch. [3] 35,
147 ; Mitscherlieh, Lehrb. der Chem. 2, 10), and
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consists of a flat iron plate, fitting into the tumed-
up edges of a similar plate, thus forming a
flat box with a large condensing surface. The
turned-up edge at tire outer end is dispensed
with or eut away at the top, so that the métal
runs out into a receiver containing naphtha, or
remains in the condenser until filled. The plates

American (1867, 100) describes the method for-
merly employed for making sodium by the
Manchester Magnésium Métal Company.

It was not, liowever, until 1886 that any
material altération in Deville's process was in-
troduced. In that year Castner invented a
process in wliich sodium or potassium hydrox-

Fig. 1.

are shaped to form a neck for receiving the
tube d.

The température actually required for the
reaction is about that used for the réduction of
zinc, but a much higher heat is required to
obtain the maximum resuit.

Fig. 2 shows an arrangement employed by
Deville for the continuous préparation of sodium
in wrought-iron eylinders, in a reverberatory
furnace containing several of tkem. Each
cylinder is closed at one
end by a wrought-iron cap,
o, and is fitted at the other
end with a tube n, for con¬
nection with the condenser.
The calcined mixture is in-
troduced into the eylinders
in canvas or paper bags,
and the cap o is luted on
witli fireclay. When the
distillation is finished the
cap is removed, and the re-
sidue is replaced by a fresh
charge. The eylinders are
charged alternately. The
explosive compound with
carbon monoxide is not so

troublesome, nor is it pro-
duced in such quantity as
in the manufacture of
potassium, being, in fact,
usually not formed at ail.
A considérable quantity of
impure sodium, however,
adhères to the condensers,
so that they require clean-
ing after each opération,
the scrapings being stored and re-distilled.

More recently the chalk has been replaced by
lime, 7 parts of rvhich replace 5 of chalk. The
température used for the réduction is about
1400°, and the production is under 40 p.c. of the
theoretical yield in the case of sodium, or much
less in the case of potassium. Small wrought-
iron tubular retorts are employed. The injury
to the plant is said to be double the price of the
métal in the case of sodium. The Scientific

Fig. 2.

ide is reduced by a so-called carbide of iron,
having approximately the composition CFe2, and
prepared by adding finely-divided iron (obtained
by passing producer gas over heated ferrie oxide)
to melted pitch, and coking the mixture in large
eylinders.

In the process formerly followed at the
Aluminium Company's works at Oldbury, rather
more of the finely-powdered ' carbide ' is mixed

Fig. 3.

with caustie soda than is required by the équation
6NaH0 + C2 = 2Na2C03 + 3H, + Na2. A certain
proportion of carbon monoxide is also produced
by a secondary action of the excess of carbon on
the sodium carbonate (Mactear, S. C. I. 1887,
174).

Each furnace contains five egg-shaped re¬
torts, three feet high, and half that width at the
broadest part, heated by regenerative gas burners
(u. fig. 3). The cover of each retort has a vertical
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pipe passing through the top of the furnace, and
serving for introduction of part of the charge,
and a latéral branch leading to a cast-iron con¬
denser of peculiar form, about 5 inches in
diameter, and nearly 3 feet long, with a small
opening in its inclined bottom about 20 inches

eovered by minerai oil, to be afterwards melted
in iron pots heated by an oil bath, and cast into
ingots.

The covers of the retorts are removable in
the furnace, and are protected from excessive
heat by the oven setting. The body of each re¬
tort rests on a hydraulic lift and is pressed
against the cover, a little lime being placed be-

from the nozzle. A small hinged door to the
condenser permits examination by the workman,
and a hinged rod provides for removal of any
obstruction in the conducting tube. The con-
densed métal runs out into a pot placed beneath
the opening, and, when sufficiently cool, is

-4
©

trveen to act as a lute. After the exhaustion of
one charge the lifts are lowered, and the retorts,
having sunk to the level of the furnace fioor, are
removed by hand trueks, rvith tongs for grip-
ping them, and are turned over, to empty
them into the ' dumping pits,' being then
scraped clean and returned, while still red hot,
to the furnace, a portion of the fresh charge-
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The gas evolved at the commencement of the
reaction consista of almost pure hydrogen, and
even at the end of the reaction only contains
about 5 p.c. of carbon monoxide, which seldom
combines rvith the sodium. When potassium is
made less carbon is employed than is required

being inserted on the way. A complété cycle of
opérations requires 1J hours, each retort yielding
about 6 pounds of sodium.

The température required for the réduction
is said to be about 823°, but is usually main-
tained at about 1000°.

by the above équation, rvhereby the formation
of carbon monoxide is found to be altogether
avoided. The residue in the retorts, which has
the composition Na2C03 77, Na202 2, C 2, Fe 19, is
re-causticised and used again, the iron being also
again employed. Figs. 4 and 5 represent ths
Castner plant.

For further information on the manufacture

of sodium v. Weldon (S. C. 1.1883, 368), Fischer
(D. P. J. 251, 418), Wurtz (Hoffmann's Ber. iiber
die Entwickelung der chem. Ind. 1, 658) ; and
regarding Castner's process v. Castner [Justice),
Eng. Pat. No. 7,395 H.D. 1886, and C. N. 54, 208 ;
Mactear (S. C. I. 1887, 174) ; Roscoe (P. R. I.
1889, 453, and S. C. I. 1889, 463) ; Anderson
(J. S. Arts, 1889, 380).
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The following is a list, together with an indi¬
cation of tlie improvements claimed, of accepted
patents for the préparation of sodium and potas¬
sium : —

J. Dickson, Pat. No. 2,266, 1862 (electrolysis
of thefusedchloride) ; E. Sonstadt, Pat. No. 1,763,
1863 (replacement of the chalk or lime in the
ordinary process by gypsum) ; J. Anderson, Pat.
No. 2,801, 1867; Pat. Nos. 2,134, 2,216, and
3,493, 1871; Pat. Nos. 513 and 1,089, 1872
(heating the slag obtained by the action of
heated air or steam on strongly-heated minerais
containing sodium and potassium as silicate
with earbon in a current of highly-heated carbon
monoxide) ; H. Larkin and W. White, Pat. Nos.
1,990 and 3,505, 1869 ; Pat. No. 23, 1871 (addi¬
tion of oxidising agents to the mixture, to in-
crease the température within the retorts ; also
the use of a current of hydrogen or coal-gas, to
carry off the metallic vapours ; the use of ma-
cerated peat instead of coal; and a modified
condenser) ; W. Clark (D. E. Lontin), Pat. No.
473, 1875 (electrolysis by a specially-arranged
current) ; W. Anderson Smith, Pat. No. 363,
1876 (the use of a mixture of potash or soda
with pitch, and of a modified retort and con¬
denser ; also means for coating and paclcing the
métal) ; W. P. Thompson, Pat. No. 2,101, 1879
(décomposition of the hydrate by fluid iron or
an alloy of iron in a Bessemer converter) ; C. A.
Faure, Pat. No. 6,058, 1882 ; Pat. No. 5,489,
1883 (heating the alkaline compound in a furnace
with the aid of an electric current in hydrogen
or nitrogen ; vessels of compressed magnesia ave
used) ; A. L. Nolf, Pat. No. 4,349, 1882 (electro¬
lysis of a strong solution of the chloride, using
a cathode of mercury) ; P. P. Harned, Germ. Pat.
No. 26,961, 1883 (modification of the mixture
used) ; E. A. Hôffner, Germ. Pat. No. 30,377,1884
(electrolysis of the fused chloride, using an
anode of copper or silver, which takes up the
chlorine) ; S. Gilehrist Thomas, Pat. No. 6,367,
1884 (passage of heated water-gas through the
usual mixture without the aid of external heat,
in retorts lined with magnesia, lime, dolomite,
or graphite); H. Y. Castner (Justice), Pat. No.
7,395,1886 (previouslydescribed) ; Max Sprenger,
Germ. Pat. No. 39,554, 1886 (electrolysis of
the chloride in vacuo) ; E. C. Kleiner-Fiertz
(Seaver), Pat. No. 8,531, 1886 (electrolysis of
cryolite or the double chloride of sodium or
potassium and aluminium in a speciallyadapted
vessel) ; J. B. Thompson and W. White, Pat.
No. 8,426, 1887 (heating a coked mixture of al¬
kaline carbonate and tar, or the like, in tubular
five-clay retorts containing a condensing cham-
ber and receiver in a portion below the furnace) ;
O. M. Thowless, Pat. No. 12,486, 1887 (the use
of a mixture of separately-heated alkaline car¬
bonate and coke) ; Curt. Nelto (Lake), Pat. Nos.
14,602 and 17,412, 1887, v. alsoEng. and Min. J.
45, 449 (passing soda or potash in a thin stream
through powerfully-heated charcoal or coke, the
carbonate produced being drawn oiï at the bottom
of the retort as produced) ; L. Grabau, Pat. No.
9,904, 1887 (comprises thecoolingof the cathode
in eleetrolytic processes ; the métal rises to the
surface, and is drawn off by a pipe) ; H. C. Bull,
Pat. No. 10,199, 1887 (eleetrolytic) ; A. B. Cun-
ningham, Pat. No. 3,601, 1888 (adding charcoal
powder to the fused hydrate in quantity insuflfi-

cient to destroy its liquidity, and decomposing
the mixture in retorts) ; G. A. Jarvis, Pat. No.
4,842,1888 (réduction of the fused fTTkali by coal,
A'c., and tar, or the like, coked round iron cores
or in moulds ; linings for the retovts are also
described) ; W. G. Forster, Pat. Nos. 9,391,
10,785, and 14,394, 1888 (reduciig the fused
alkali with heated coal-gas, or like vapour) ;
H. M. Wallis, Pat. No. 12,626, 1888 (a modifica¬
tion in the mixture ordinarily used) ;• W. White,
Pat. No. 13,125, 1888 (saturating lumps of char¬
coal with fused alkali and then heating in a
retort) ; H. S. Blackmore, Pat. No. 15,156, 1888
(use of a mixture of lime, alkaline carbonate,
ferrie oxide and carbon, bitumen or like ear-
bonaceous matter) ; G. M. Westman, Pat. No.
17,336, 1888 (modification of the plant treating
the ordinary mixture) ; W. White, Pat. No. 9,784,
1889 (a modified condenser) ; T. Parker and A. E.
Robinson, Pat. No. 11.J07, 1889 (electrolysis of a
mixture of the hydrate or carbonate and carbon) ;
L. Grabau, Pat. No.-^£,b60, 1890 (electrolysis of
the chloride, whose melting-point has been
lowered by the addition ôf the chloride of cal¬
cium, barium, or strontium).

Properties.—Sodium has a silvery metallic
lustre when freshly eut. According to Long
(C. J. 13,J23), a periectly-clean surface of the
métal has a pale rose colour. It crystallises in
octahedra, apparentlybelonging to the quadratic
System (Long, l.c.). According to Baumhauer
(B. 6, 655), its sp.gr. at 10° is 0-9743. Ramsay
(C. J. 1881, 49) gives its sp.gr. at its boiling-point
as 0-7414.

At —20° sodium is hard, at 0° it is ductile,
and at the ordinary température has the con-
sistency of wax. It becomes pasty at about 50°,
and melts at 95-6° (Bunsen, J. 16, 178). It boils
at 861°-954° (according to Carnelley and Carie-
ton Williams (C. J. 1879, 565) ; or at 742°, ac¬
cording to Perman (C. J. 1889, 328). Its vapour
has a purple or violet colour (Boscoe and
Schuster, Pr. 22, 362 ; Carnelley and Carleton
Williams, C. J. 1879, 565). Its absorption spec-
trum has been examinedby Boscoe and Schuster
(le.).

Bamsay (C. J. 1889, 533) finds that the mole-
cular weight of sodium, as determined byBaoult's
method, varies between 15-1 and 21-6, according
to the ratio between the amount of métal and
solvent (mercury) used. Heycock and Neville
(C. J. 1889, 666; 1890, 380) have determined
the lowering of the melting-point of sodium by
the presence of gold,thallium, mercury, cadmium,
potassium, silver, zinc, lithium, lead, and in-
dium ; and the lowering of the melting-point ôf
tin by the presence of sodium. Sodium is the
most eleetro-positive element after csesium, ru¬
bidium, and potassium, and is a powerful redu-
cing agent ; hence its use for preparing silicon,
boron, magnésium, aluminium, &o., and for the
réduction of gases containing oxygen, and of
organic and other compounds.

It dissolves in liquefied anhydrous ammonia
to a blue solution, from which it is re-obtained
on evaporation of the ammonia (Seeley, C. N.
23, 169).

When exposed to the air, sodium oxidises,
and ultimately becomes coated with a film of
carbonate, which prevents further action. It
décomposés water, with évolution of hydrogen,
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wbich does not burn unless tbe water be heated
or be thickened with starch or the like. It burns
with a bright-yellow fiame when heated, with
production of the monoxide and dioxide.

The halogens do not act so readily 011 sodium
as on potassium. Wanklyn (C. N. 20, 271) and
Cowper (C. J. 1883,155) have shown that sodium
may be shaken up at about its fusing-point with
dry chlorine without combination ; and Merz and
Weith (B. 5, 646 ; 6,1,518) and Merz and Holz-
mann (B. 22, 872) state that bromine is without
action even at 300°, and that iodine does not
atïect it at 350°-360°.

Sodium combines direetly with sulphur,
sélénium, and tellurium. It combines violently
with potassium, and even décomposés phos¬
phates at a red beat, with formation of a phos-
phide.

Alloys.—The alloys resemble those of potas¬
sium, and are obtained in a similar way. The
more important have been described under the
various metals. According to Vauten (S. C. I.
1891, 96), the zino used for precipitating gold
from solution in potassium cyanide in the cyanide
process of extraction may be advantageously
alloyed with 1 p.c. of sodium. The amalgam,
with mercury, is largely used as a reducing agent,
and for preventing the ' sickening ' of mercury
in gold extraction. The amalgams may be pré¬
paré! by carefully triturating the metals together,
or by adding the sodium in small pièces at in¬
tervais to gently warmed mercury. Miihlhauser
(Zeit. Chem. Pharm. 1864, 720) passes the mer¬
cury in a fine stream into sodium, heated to 90°
under naphtha.

When the amalgam contains 1 part of sodium
to 100 of mercury, it is liquid; but with 1 to 60
it forms a stifif paste at 21° (Bôttger, J. pr. 3,
283). With less mercury the amalgam is hard
and more or less crystalline. Sodium amalgam
décomposés salts of the alkaline earths and of
many heavy metals in presence of a small quan-
tity of water, giving an alloy of mercury with that
métal (Bottger, l.c.). The melting-points of a
number of the amalgams have been determined
by Merz and Weith (B. 14, 1,445). Crystalline
amalgams of the composition Hg6Na (Kraut and
Popp, A. 159, 188) and HgNa3 (De Souza, B. 9,
1,050) have been prepared, the latter, whieli
inflames spontaneously on exposure to the air,
being obtained by heating any of the amalgams
to 440° (v. also Meecuky).

Sodium oxides. Two oxides are known, the
monoxide Na_,0, and the peroxide Na,02. The
grey film produced by exposure of a freshly-cut
surface of the métal is said to be due to forma¬
tion of a suboxide.

The monoxide is best prepared by heating
caustic soda with sodium :

NaHO + Na = Na.,0 + H,
or, according to Beketoff (B. 12, 856), by burn-
ing sodium in a mixture of air and oxygen,
excess of sodium being used to prevent per-
oxidation.

It is a greyish amorphous solid of sp. gr.
2-805 (Karsten, S. 65, 394),melting at a dull-red
beat, and volatilising at higher températures. It
combines with water with violence. According
to Beketoff (Bl. [2] 34, 327), it is unaffected by
Carbon dioxide al ordinary températures, but
combines with incandescence at about 400°.

When heated in hydrogen, it becomes converted
into a mixture of metallic sodium and soda :

Na.,0 + H = NaHO + Na.
Sodium peroxide is obtained as described by

Vernon Hareourt (C. J. 14, 276), to whom our
lcnowledge of this substance is principallv due, by
carefully cleaning and drying the métal from
naphtha by gently warming it in a bulb or
Florence flask in a current of nitrogen, and then
displacing the nitrogen by the slow passage of
dry air while gradually heating the métal up to
about 200°. At that température the oxidation
commences, and the métal becomes covered
with the oxide, which rapidly increases in bulk
from rise of the métal through it by capillarity
and its subséquent oxidation. After the action
lias continued some time, the air is replace!
by oxygen, which is rapidly absorbed by the
monoxide, so that finally, though only after
long-continued action, the whole is converted
into the peroxide.

This oxide is also obtained, together with
the monoxide, by igniting sodium nitrate, or by
dropping sodium into molten sodium nitrate.
In the latter case, the sodium burns with a

bright flame and forms the peroxide, which dis¬
solves in the nitrate to a yellowish-red solution ;
the colour disappears on cooling but is re-
gained on re-heating (H. C. Bolton, C. N. 53,
2S9).

Sodium peroxide is of a pure white colour,
but becomes yellow when heated. On exposure to
air it slowly deliquesces, with ultimate production
of sodium carbonate. It dissolves in water, with
production of mueh heat and évolution of a little
oxygen, probably cause! by a local heating of the
oxide. When added to the water in small
charges very little gas is given ofï. On evapo-
ration of the solution on the water bath, oxygen
is evolved, slowly at first, but rapidly as concen¬
tration proceeds. Hydrates of the composition
Na202.8H,0 and Na,02.2H20 are known (Har¬
eourt, l.c. ; Fairley, C. J. 1877 [1] 125).

Sodium peroxide combines with phosphorus
with incandescence when heated. At tempéra¬
tures above 150° it rapidly absorbs carbon mon¬
oxide, with formation of the carbonate. Carbon
dioxide is similarly absorbed at about 100°, with
formation of the carbonate and évolution of
oxygen. When heated in nitrous oxide it pro¬
duces sodium nitrite with évolution of nitrogen :
Na,0.2 + 2N..0 — 2NaN02+N„. With nitrogen di¬
oxide, sodium nitrite is also produced with¬
out évolution of gas :

Na„02 + N202 = 2NaN02.
Sodium hydroxide or hydrate v. p. 479.
Sodium chloride. Glilorure de sodium,

hydroelilorate de soude, sel marin, Fr. ; Stein-
salz, Kochsalz, Salz, Salzaures Natrium, Chlor-
natrium, Ger. ; sal, Lat.

Sodium chloride, or common sait, is found in
nature as the minerai halite, or rock sait. It
crystallises in cubes, occasionally associated
with other forms derived from the regular Sys¬
tem. Hardness, 2 ; sp.gr. 2-2. It is colourless
and transparent when pure, but is usually tinged
yellow, red, brown, or green.

Owing to its wide distribution on the earth
sait has been known from the very earliest
times. It is frequently mentioned in the Bible.
The Jewisli law commanded the people to season
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the meat offering with sait (Lev. ii. 13). The
Jews used a very impure argillaceous kind
of rock sait, from which they extracted the sait
by means of water, leaving the clay as mud. This
mud still contained some sait, and was either
used direetly for agrieultural purposes, or was
allowed to lie on the manure heaps before being
used, where, after prolonged exposure in pré¬
sence of nitrogenous rnatter, the sait was par-
tially converted into sodium nitrate. Hence we
find the expressions (Matt. v. 13), ' Ye are the
sait of the earth : but if the sait have lost its
savour, wherewith shall it be salted? it is
thenceforth good for nothing, but to be cast
out and trodden under foot of men ' ; and
(Luke xiv. 34) 1 Sait therefore is good : but if
even the sait have lost its savour, wherewith
shall it be seasoned ? It is fit neither for the
land nor for the dunghill : men cast it out.'

Occurrence of sait. —Sait is very widely dis-
tributed. Immense deposits of it, in the form of
rock sait, are found in many parts of the world.
It is the principal solid constituent of sea-water
and of many sait lakes, and is found in brine
springs and most minerai waters. There are few
countries in which it does not occur, as also there
are but few geological formations from which it
is absent. In America rock sait is met with in
very old strata, some of the recent discoveries of
it being in the Silurian rocks. In Western New
York and Michigan, and also at Goderich and
neighbourhood, in Canada, the rock sait is found
in the Upper Silurian formation, and usually lies
at a depth of over 1,000 feet. South of Eochester
(New York), in what is known as the Warsaw
district, the rock sait is found in three super-
posed beds. The top layer is 60 feet thick ;
then follows 10 feet of shale. The second bedis
20 feet thick, and is succeeded by 30 feet of
shale. After this there is found a thick bed of
rock sait, which has not yet been bored through,
but it has been proved to exceed 30 feet in depth.
It appears probable that the same sériés of de¬
posits of sait extend eastward as far as Ithaca.
The rock sait found in Michigan is prineipally at
Saginaw, Détroit, and Bay City. In Utah there
are extensive deposits embedded in red clay.
Sait is also found in Virginia and Kansas. The
deposits which occur in Louisiana have been
known for the longest time. They lie in the
Post-Tertiary formation, are from 2 to 3 miles
long, and have been proved to be 38 feet thick.
There are immense deposits of rock sait in Chili
and Peru. Sait is found at Kulpi, in Armenia,
and at Nachitschevan, in Eussian Armenia. In
the latter place the sait lies in the clay, and
forms a nest or pocket 130 feet in diameter in
red and blue mari. At Jebel Usdum, south of
the Dead Sea, there is a hill which consists
throughout of a single mass of rock sait, covered
with a thin layer of calcareous mari. Sait is
found in Algeria and Abyssinia. In the interior
of Libya rock sait is found assoeiated with lime-
stone in cliffs. Herodotus mentions five moun-

tains, which lie at about equal distances from
one another, across a tract of country ten days'
journey in extent (see H. B. Tristram, ' The
Great Sahara,' p. 72). India is rich in rock
sait deposits. The beds which are worked in the
Punjab appear to stretch, with more or less con-
tinuity, into Afghanistan. In most places the

sait is obtained by quarrying. The sait beds in
Scinde are said to be 20 miles long, 15 miles
broad, and 3 feet thick. On both sides of the Car-
pathians rock sait abounds, most of it in Ter-
tiary formations. At Stebnick, in Galicia, the
top bed lies 122 feet from the surface. At 199
feet there is a second bed of sait, 50 feet thick
and very pure in quality. At 418 feet there is
a third bed, which is 261 feet thick. At Wie-
liczka the rock sait lies in Tertiary rocks, and is
found 1,200 feet from the surface. In the Tyro-
lean Alps rock sait oceurs in Oolitic limestone,
as also at IJsolje, in Eussia. The principal de¬
posits in Austria are at Hall, in the Tyrol ;
Aussee, Isehl, and Hallstadt, in Upper Austria ;
Hallein, in Salzburg ; and Eeichenthal, in Ba-
varia ; at Marmores, in Hungary ; and in Tran-
sylvania and Wallachia. At Volterra, in Italy,
there are several deposits at 150 to 308 feet from
the surface. Those at Dieuze, in Lorraine, and
in the surrounding neighbourhood in the east of
France, are found in very thin beds, alternating
with saliferous clay. In the district round Stass-
furt, in Germany, immense beds of rock sait
(accompanied by potassium and magnésium
salts) are found in Bunter sandstone, and are
first struck at about 832 feet from the surface.
Sait has recently been found near Heilbronn, in
the Neckar valley. At Cardona, in Spain, sait
is found in the Greensand ; there are hills of it
300 to 500 feet high. It has also been found at
Bex, in Switzerland.

At Northwich, in Cheshire, rock sait is found
in the Keuper maris, which lie interstratified
with the New Eed or Bunter sandstone. The
top bed is about 75 feet thick, and lies 135 to
150 feet below the surface. It is covered by
boulder sands, clays, and red mari. Below the
top rock sait there is a bed of hard mari, 30 feet
thick, which eontains here and there veins of
sait. Under this a second bed of rock sait is
found, 105 feet thick. Deeper borings reveal
the presenee of successive thin beds of sait. At
Winsford, in Cheshire, the beds are similarly
situated to those at Northwich, and have been
proved to be at least 210 feet thick. At Droit-
wich and Stoke Prior, in Worcestershire, the
sait lies in the same formation, and is similarly
accompanied by maris. At Shirley Brook, in
the same county, it lies 273 feet below the sur¬
face. At the village of Preesal, near Fleetwood,
in Lancashire, a bed of rock sait, 250 feet thick,
is met with at a depth of 278 feet from the surface.
Considérable deposits of sait have been dis-
covered in the neighbourhood of Barrow-in-
Furness. Bock sait is found at Stafford Com-
mon, in Staffordshire, 263 feet below the surface.
It has also been proved to exist in the east of
Lincolnshire. In the neighbourhood of Middles-
brough, in the county of Durham, rock sait has
been proved to exist over an area rather more
than 4 miles long by 2f miles broad, or 12
square miles. The most northerly bore-hole is
at Grantham, where sait was found at a depth
of 889 feet ; the most southerly, at North
Ormesby, in Yorkshire, where the bed is 1,340
feet from the surface. The most easterly bore-
hole is at Eston, 1,563 feet deep ; the most
westerly at Haverton Hill, 797 feet deep. The
average thickness of the main bed of rock sait is
84 feet. It lies below a thick bed of red sandstone.
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Origin of rock-salt deposits.—The great
variability in the position of the sait deposits
renders it impossible to consider them as con-
stituting a definite geological formation, but
points to the probability that their origin is
due either to volcanic action or to the evapora-
tion of water which held the sait in solution.
The great argument in favour of an igneous
origin rests upon the faet that sodium chloride
and hydroehloric acid are emitted by volcanoes ;
but the occurrence of layers of bitumen and
certain organic remains, together "with the fact
that cavities containing liquids are found in the
rock sait, renders this theory untenable.

The général character of the beds,too, favours
the assumption that they are of aqueous origin.
They are rarely found filling cavities or dykes
after the manner of volcanic rocks, but are in
layers of very considérable area. These immense
beds of rock sait most probably owe their origin
to the evaporation of inland seas, and a careful
examination of their constitution affords évi¬
dence which goes far to prove this theory. The
manner in which the deposits were formed
appears to be as follows. When, by slow up-
heaval of the land or by the accumulation of a
bar or sand bank, a portion of the sea became
partially shut off, the heat of the sun was suifi-
cient to evaporate as mueh water as was supplied
by the sea or by rivers. Then the volume of
water in the part so separated became gradually
richer in dissolved salts. The upper layers
when concentrated by the sun became specifically
heavier and sank to the bottom, the more dilute
rising to take their place. As the quantity of
sait in solution rose, ail those living organisme
which were endowed with the means of loco¬
motion left their homes and returned to the
open sea, wbile those which were lacking in
this particular died off. Their remains (such
as did not dissolve) are found as insignifi-
cant impurities in the gypsum which formed
around them. For by degrees the lower portion
of the water became so rich in minerai consti¬
tuants that it could no longer retain them in
solution, and they began to separate out. The
least soluble sait was, of course, the first to de-
posit, and this was followed by the others in the
inverse order of their solubility. The calcium
carbonate and ferrous carbonate, if présent,
would precipitate first, and then the calcium
sulphate would follow in the form of gypsum.
As the degree of concentration still continued to
rise the sodium chloride began to separate out,
depositing on the bottom of the basin in a hard
compact mass. In cases where the connection
with the sea was still maintained, or where
rivers continued to send in water, these various
phases would be to a certain extent contempo-
raneous ; for the incoming water would bring
with it fresh quantifies of calcium carbonate
and calcium sulphate, and these salts would
precipitate along with the sodium chloride. Nor
would this séparation of the salts in the inverse
ratio of their solubilities proceed with absolute
exactitude, for the less soluble might carry down
with them minute quantifies of the more soluble
ones. For instance, it is by no means uneommon
to find magnésium sulphate mixed with rock
sait, especially where there has been aluminous
mud washed in to serve to carry it down. Again,

certain combinations of the same sait oecur, such
as simonyite, and bischofite is found in solution
in cavities in rock sait in Cheshire, where also
hydrophilite is not infrequently found. As
the sodium chloride continued to deposit, the
mother-liquor gradually grew richer in the
more soluble salts until the point was reached
when they too began to crystallise. Potassium
chloride and magnésium chloride separated
from the solution in combination as the minerai
camallite. Potassium sulphate, magnésium
sulphate, and magnésium chloride became asso-
ciated as kainite, while some of the magnésium
sulphate crystallised in the form of kieserite
(cf. Potassium, salts of).

It is obvious that when the supply of fresh
water from the océan was continued at ail there
would be a deposit of sait accompanying the
more soluble substances. The calcium sulphate,
however, which precipitated from this sea water
would, in falling, pass through the layers of
mother-liquor which had reached a high degree
of concentration ; hence it crystallised as an-
hydrite (cf. p. 267). The whole of this process of
crystallisation was, of course, subject to an im¬
mense variety of disturbing influences. The
rate of déposition would vary greatly with the
season of the year, not only on account of the
heat of the sun and the height of the tides, but
also on account of the amount of water due to
the rainfall. In examining beds of rock sait we
find évidences of such disturbances in the fré¬

quent occurrence of layers of clay, sandstone, or
mari, which show that during certain periods
there was little or no deposit of sait. In many
cases the disturbance was sufficient to remove

the whole of the mother-liquors, and there we find
little or no trace of the potassium and magné¬
sium salts.

Such is the generally accepted theory of
the formation of the great deposits of rock
sait. The océan has for âges been receiving the
waters of rivers and springs charged with matter
dissolved during the passage of the water
through or over the various rock formations.
Such substances as were required to build up
the structure of marine animais and plants were
by them extracted from the water ; the rest would
obviously, in course of time, accumulate, because
the volume of sea water was kept nearly constant
by continuai evaporation.

Rock sait. Bock sait is usually aggregated
either in a spheroidal form or in a wavy stratifi¬
cation distinguishable by gradations of colour
almost throughout the entire mass. The tinge
of colour varies with the colour of the mari and
marlstone with which it is interstratified. It
varies from dark red or brown to light amber
or white. The yellow rock sait is preferred, on
account of its greater purity. The following
table shows the composition of the sait obtained
from deposits in various parts of the world.

The Cheshire sait mines which are now

being worked are ail in the lower bed. The
rock obtained is purer than that from the upper
one, and there is less trouble required to keep
out surface water and brine. The modem mine
is provided with two shafts placed from ten to
fifteen yards apart, with generally (unless the
winding shaft be tubed) another permanent
shaft for pumping the surface water, sunk only
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as deep as the water penetrates. In sinking the
shaft it is especially requisite to protect the
rock sait at the sides from being dissolve! by
water. Ail such shafts are roofed over to keep
out rain and snow, and are carefully eased down
to a solid foundation below where surface water

penetrates in the ground. The easing was ori-
ginally rnade of wood ; but lately this bas been
replaced by iron. The best method of procédure
is as follows :

A solid foundation, such as is generally
to be found at a certain bed of marlstone be-
tween the top and bottom beds of rock sait, is
obtained, and then a ledge 12 inches wide ail
round is eut in it, care being taken to remove
any small concrétions of rock sait which may be
in the mari. On this ledge a wooden ring 9
inches wide and 3 inches deep is laid, and
upon it is placed an iron ring 9 inches broad
and 9 inches deep ; this leaves an annular
space 12 inches deep and 3 inches wide ail
round at the back of the two rings. These
rings are each made in two segments.

Between the segments of the iron ring a thin
slip of wood is placed at the junction, to make it
water-tight, and the annular space (which is
3 inches wide and 12 inches deep) behind the
two rings is filled up with pièces of wood about
6 inches long and 3 inches square, placed ver-
tically and as close together as possible. Wedges
are then driven in between the pièces of wood,
and they are wedged again and again into holes
made by steel points, until ail is tight and the
slip of wood between the iron segments becomes
squeezed to a thin film. On the iron ring, which
is the upper one of the two thus wedged, there
is laid a thin slip of wood for the iron tubing or
casing to begin upon. The bottom length of
tubing is 6 feet long and is in three segments,
which, when united, taper from a diameter of
about 4 or 5 feet at the bottom to 31 at the top.
and on this begin the iron cylinders or tubes,
which are each 0 feet long by 3^ feet in diameter.
The cylinders are bolted together by means of
•§-inch wrought-iron rods, which pass through
four ' snugs,' or wider parts behind, on the top
and bottom flanges of each cylinder, with two
holes in each snug. Each boit has a screw for
a nut above the top snugs, and an eye for
a cotter below the bottom snugs, and also a
shoulder to prevent the rod dropping through
the bottom snug-hole before the screw-nut- is put
on the top. The cylinders are put in from bot¬
tom to top one after another, and as the cotter
cannot be put in after a cylinder is placed, the
rods for bolting each upper cylinder in its turn
have to be put into the snug-holes first. The
cylinders have faced flanges, and the joints are
made with jj-inch indiarubber rings, 1| inch
broad. The space behind the cylinders is filled
with cernent.

In the bottom bed workings the height of the
rock sait that is being worked varies from 15 to*
18 feet in Cheshire, and from 30 to 40 feet at
Carrickfergus. The mode of working the mines
in both districts is to drive out in the upper part
about 5 feet 9 inches high, which is called the
'roofing,' and to follow up with what is called
the 1 benching,' leaving pillars of rock sait to
support the roof. In driving the roofing a little
holing and cutting has to be done with a pick,
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and as much as possible is blown ont with gun-
powder, after which the roo£ is dressed ofï with
a pielt. The benehing in Cheshire varies from
9 feet 3 inches to 12 feet 3 inehes in thiekness,
and in Ireland from 24 feet 3 inehes to 34 feet
3 inches. This is blown off by a succession of
sbots, arranged in a slanting direction from the
top to the bottom. In some of the mines
machines are used. In charging the shot the line
rock sait made in drilling the hole is put next
to the powder and coarse-grained rock sait upon
that. The stemmers and prickers are ail made
of iron, as rock sait does not strike a light with
iron or steel.

Fiat hemp ropes are generally used for wind-
ing. In some cases iron-wire rope is used, but it
bas to be kept well grëased to prevent it rusting.
Tram roads are used below ground. It is found
by experienee that the pillars which are left to
support the roof should be in proportion to the
depth of the mine. At a depth of 330 feet it
is found necessaryto leave 1 pillar for every 11J
times its area of rock worked. The pillars are
left 10 yards square, and stand 25 yards apart.
There is a crushing and grinding mill at the
bank of nearly every rock-salt pit, and in this
the rock is ground to more or less fine powder
when so required for shipment.

In 1890 there were four mines being worked
in England (ail in Cheshire), and tliree in Ire¬
land (at Carrickfergus). The amount of rock
sait produeed by them during the nine years
ending 1890 was—

Year Tons
1882 204,053
1883 233,170
1884 197,521
1885 190,480
1886 173,448
1887 . . . . . 180,422

. 1888 217,456
1889 161,205
1890 188,730

Total for 9 years
Average .

1,746,485
194,054

Of this quantity about 20,000 tons per annum
are yielded by the Irish mines.

The rock sait which is found in the neigh-
bourhood of Stassfurt, in Prussia, is accom-

panied by deposits of a great variety of other
minerais, especially those rich in potassium and
magnésium. After boring through the Bunter
sandstone, a bed of red clay and gypsum is en-
countered, under which lieë the upper laver of
rock sait, varying in thiekness from 150 to 300
feet. For particulars of Stassfurt deposits v.
Potassium, sauts of.

The sait deposits in the districts of Tara-
paca and Atacama, in Chili and Peru, in great
measure resemble those of Stassfurt. There is,
however, one remarkable point of différence—
the Peruvian beds contain large quantities of
sodium nitrate or Chili saltpetre. The source
of this nitrogen has long been a matter for
discussion ; but reeent researehes afford most
probable explanations of its origin. It is notiee-
able that ail these 1 calichales ' or ' salitrales,' as
the spots are called where the ' caliche ' or im¬
pure soda saltpetre is found, lie near to the
coast, just inside the low-lying coast Cor-

dilleras. The coast in this part of Chili is
stuclded with small islands containing deposits
of guano rich in ammonia, and this (in the form
of very fine dust) is carried by the prevailing
west wind far inland, and would doubtless fall
into the saline lakes when in process of evapo-
ration. Prolonged exposure to the air at a warm
température would cause the ammonia to become
oxidised. This, taking place in the presence of
a sodium sait (presumably carbonate), would
give rise to the formation of sodium nitrate.
The greater prominence of the more soluble
potassium and magnésium salts in the nitre-
bearing Chilian deposits furthers the supposition
that they were formed from mother-liquors de-
canted from sait lakes further inland by voleanic
upheaval. The theory that these mother-liquors,
runningdown to the sea, were intercepte! bythe
coast mountains is borne out by the fact that
where there are no hills along the shore there
are no nitre beds.

The manufacture of sait from sea-water.
In Portugal and certain eountries along the

shores of the Mediterranean, sea-water is used
as a source of sait. It is evaporated by means
of the sun's heat in what are called ' sait
gardens.' They are large, shallow basins ex-
cavated along the seashore, consisting of (a) a
large réservoir several feet deep, into which the
sea-water is drawn at high tide through a sluice
(this pit is used to allow the water to deposit ail
suspended matter before being run off into tbe
evaporating pans) ; (b) the crystallising pits.
These are very shallow basins through which
the brine is made to flow in a zigzag course.
They cover some acres of ground, and are well
exposed to the action of the winds. The sea-
water is let into the settling réservoir in the
month of March, and the crystallising pans are
fed from this as they get low. The sait is raked
out from time to time, and allowed to stand to
drain. In some parts it is stacked until the
magnésium chloride which it contains absorbs
moisture and runs away. The mother-liquors,
technically termed ' bitters ' or ' bittern,' are
allowed to run back to the sea, or are used for
the manufacture of bromine. They are compa-
ratively rich in magnésium and calcium brom-
ides. In some cold eountries, such as Russia
and Sweden, the reverse process is employed to
obtain sait from sea-water. The sait water is
allowed to freeze, and the ice, which consists of
nearly pure water, is removed. By repeating
this several times a mother-liquor is obtained
which is sufficiently strong to boil down. The
sait obtained in this manner is far from pure.
It contains from 75 to 85 p.c. of sodium chloride.

Manufacture of sait from brine.
The manufacture of sait has been carried on

in England since the time of the Bomans, who,
there is little doubt, made it from brine. Brine
is formed by fresh water reaching the surface
of the rock sait, either at the outerop of the
strata or through a fissure in the overlying mari.
In Cheshire it is pretty certain that the water
gains admission at a higher level than the rock
sait, for when the brine is first struck it rises up
the shaft to a considérable height, in some cases
nearly to the surface. The brine is, as would
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be supposed, only found on the top of the upper
beds of rock sait. It is reached by sinking a
huge well or shaft, sometimes as much as ten
feet in diameter. For the purpose of keeping
water out, the shaft is lined with cast-iron cylin-
ders carefullyjointed together (see description of
rock-salt mine shaft), or with timber backedwith
puddle. This shaft is carried down until the
mari is reached, and tben a bore-hole is driven
until the brine is tapped. The top bed of rock
sait in Cheshire is usually covered with a bed
of marlstone, locally called ' the ilag,' which is
very hard and impervious to water. For a few
feet below the flag the mari in which the rock
head brine runs is of a granular structure, locally
known as ' horse beans ' or ' shaggy métal,' and
is probably the remains of mari or other im-
purity originally combined with the rock sait,
but left behind as the rock sait is dissolved into
brine. On piercing the flag the brine rises into
the shaft with great force. Common lift pumps
are employed to raise the brine to the surface.
They are suspended by a chain of rods depend-
ing from a rocking shaft or T-bob at the top of
the well. One engine, placed near the top of the
shaft, generally works a pair of pumps. The
brine is delivered into réservoirs which are lined
with puddle-clay and briekwork. The elay suf-
fices to make them watertight, and the bricks,
which are laid on the top of the puddle, keep it
from being washed out. The brine is distributed
to the salt-pans through pipes. In Cheshire it
is customary to employ pipes made out of the
trunk of a tree bored out in the core and tapered
at one end. The taper end fits into the core of
the next pipe. Such ranges are found to stand
changes of température better than iron ones.
In Austria also there are many miles of such
ranges of pipes. The brine used at Ebensee is
conveyed from Hallstadt. The strength of brine
varies very greatly. It is, of course, dépendent
upon the volume of water which passes over the
rock sait, the area of the surface over which it
runs, and the length of time it is in contact with
it. The table on this pageshows the composition
of brine in various places and countries.

In some countries where the brine is found
too weak to make the ordinary method of
evaporation a profitable one, recourse is had to
a device to strengthen the brine by evaporation
at the ordinary température. This is done by
means of so-called graduation towers or houses
(German, Gradirhiluser). They consist of scaf-
folding which incloses bundles of brambles
or thorns, built up in regular walls. The weak
brine is pumped up to the top, and carefully dis¬
tributed by means of perforated troughs ail over
the summit of the pile. It then falls from twig
to twig, and is divided into a fine shower on its
way to the ground, thus exposing an immense
surface to the action of the air or wind. At the
bottom it falls into a collecting trough, whence
it is returned to the top of the same or another
tower until it becomes suffîciently concentrated.
In time, the thorns become coated with a seale
of calcium carbonate and sulphate, and then
they have to be renewed. This incrustation is
technically known as thorn-stone (German,
Domenstein). The graduation houses should
be built lengthwise in the direction of the pre-
vailing wind. The rapidity of evaporation
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dépends upon the hygrométrie state of the
atmosphère. On rainy days graduation cannot
go on. Expérience shows that from May to
August is the best season. It has been calcu-
lated that in ordinary good weather 60 kilograms
(13 gallons) of water are evaporated in the
course of twenty-four hours for every square foot
of surface of the thorns. This method of
evaporation is employed among other places at
Moutiers in France, and at Nauheim, Diirren-
berg, Eodenberg, and Schônbeck, in Germany.

In some districts where rock sait is found
the water does not naturally percolate to the
strata, and therefore no brine is struck when
borings are made. An artifieial brine is readily
prepared by turning a stream of fresh water
down on to the bed of sait, and then pumping it
up again as it becomes saturated with sait. The
strong brine, being mueh heavier than water,
collects at the bottom of the shaft ; so thepumps
are made to draw from the bottom, and are only
run so long as the brine delivered keeps up to
strength. The yield of such a brine shaft, of
course, dépends upon the area of the surface of
the rock sait which the water can aet upon, and
this it will be seen is always increasing. The
whole of the brine evaporated in the Middles-
brough district is made in this way. Water from
the sandstone strata is allowed to flow down the
well outside the pump barrels, and thus solution
of the sait takes place at the top of the bed, by
which a cavity is formed. As the brine is
pumped from the bottom of the cavity more
water flows down, and thus the cavity becomes
larger and its productive power is increased. As
the spécifie gravity of brine is about 1-2, the
column inside the suction pipe rises to § of the
height of the water column outside.

The removal of these subterranean beds of
rock sait by the agency of water occasions in some
districts very serious conséquences. In carefully
worked mines the pillars which are left are
ample to support the superincumbent strata so
long as the mine is kept dry. But if, by any
chance, water finds its way in large quantities
into a sait mine the pillars are rapidly dissolved,
and a large area of roof is left without any sup¬
port. Then a subsidence of the land, occurring
more or less rapidly, is sure to take place. The
water which finds its way down to the rock-salt
beds may run for miles along its surface, and so
gradually remove an ever-increasing layer of the
sait. If there is no natural outlet the solution
of sait ceases when the water becomes saturated ;
but if the brine is pumped out for manufacturing
purposes an équivalent volume of fresh water is
induced to flow in, and so the destruction of the
sait bed is greatly intensified. This constant
removal of the support causes as constant a sub¬
sidence of the outlying lands, and it is by no
means uncommon in the brine-pumping districts
for pièces of land to sink at the rate of a foot a
year. In the Middlesbrough district, however, no
subsidence has yet been observed. One would
not expect to find any except in the immédiate
vicinity of the brine wells, because it is only
there that solution of the rock takes place. Then,
too, the enormous thickness of the sandstone
(500-600 feet) lying over the rock sait is amply
sufficient to form a strong arch over the cavities
and prevent the surface from sinking.

Vol. III.—T

The process employed for manufacturing sait
from brine is extremely simple. It merely con¬
sista in the evaporation of the water and the
collection of the sait which deposits. It is
obvious, therefore, that the best process is that
which secures the greatest evaporation for the
smallest expenditure of heat. Although, in
England, the manufacture of sait has been
carried on since the Eoman occupation, the pro¬
cess has undergone so little change that the
plant in use to-day is not essentially différent
from that employed fourteen hundred years ago.
During the last two hundred years some hun-
dreds of patents have been taken out, but the
improvements were of such doubtful utility that
not one of them has been generally adopted.
The following is a list of some of the most im¬
portant of the patents :—

In 1764 John Baker patented a salt-pan
covered over from end to end with a brickwork
arch, and so arranged that the hot gases which
had already passed under the pan should be
drawn over the surface of the brine.

In 1772 Daniel Scott and John Mackay pro-
posed to arrange pans three high, and conduct
the steam from the bottom boiling pan through
false bottoms under the other two.

In 1801 James Manly patented a process for
purifying brine. He proposed to heat, in order
to remove part of the impurity, and then to add
carbonate of soda to it.

In 1806 Eichard Tomkinson designed a salt-
pan which contained a hollow iron cylinder
running right down the centre and out at the
other end. The middle of the pan was deeper
than the sides, and the cylinder was supported
so that the brine surrounded it at ail times.
The fire was placed in the cylinder at one end
of the pan.

In 1808 William Steel patented a plant con-
sisting of three separate vessels. The boiling
vessel was provided with an air-tight cover, and
the steam from it was conducted under a second
vessel. The hot air and flame from the flue of
the first was taken under a third vessel.

In 1824 W. A. Jump and W. Court proposed
to heat the first brine in metallic pipes, placed
in the flues under the pan.

In 1831 W. A. Jump patented a pan provided
with mechanical rakes to draw the sait to the
side of the pan.

In 1833 W. Newton proposed to blow hot air
through the evaporating brine.

In 1838 Joseph Hall patented a circular re-
volving pan. The sait, as it formed, was scraped
by means of a fixed rake into. a pocket at the
circumference of the pan. He also described a
semicircular pan with a reciprocating motion.
He claimed that in such pans the heat was more
evenly distributed and the wear consequently
less.

In 1839 Edward Law patented a machine for
evaporating brine by exposing an extensive sur¬
face to the action of a brisk current of air. The
apparatus consisted of an upright shaft or axis
carrying ten frames covered with canvas. These
were constantly moistened with brine while the
machine was turned rapidly on pivots.

In the same year (July 16, 1839, No. 8155)
an important step was taken by John Eeynolds,
who invented a process for improving the manu-
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facture of sait by ' causing tbe steam produced
by boiling brine or sait water in a closed vessel
to transfer its beat to and thereby boil brine or
sait water in a second closed vessel, so that the
steam from such second closed vessel may in
like manner transfer its heat to brine in a third
vessel, and so on, by maintaining in each of a
sériés of closed vessels in which brine is sub-
jected to evaporation such relative pressure as
will cause the respective boiling-points of the
brine contained in each to be lower from the
first to the last of the sériés, so that the steam
or vapour produced from the brine in each vessel
may be condensed in a vessel of thin métal im-
mersed in the brine of the next succeeding vessel.
The graduations of pressure may be obtained
either by diminishing a pressure superadded to
that of the atmosphère, or by diminishing the
pressure of the atmosphère alone.'

In 1855 L. J. P. Margueritte proposed topre-
cipitate sait from a solution by passing hydro-
chloric acid gas into it.

In 1864 D. Hall and A. L. Boosen patented
the application of surface heating for the evapo¬
ration of brine. The pan was covered with a
brick arch, and the heat from the furnace was
allowed to pass over the surface of the brine, and
then afterwards, together with the steam evolved,
under an ordinary open salt-pan.

Of late years the greatest improvements
which have been made in the manufacture of
sait have been in the direction of the triple
effect apparatus deseribed by Eeynolds in 1839.
The cost of fuel is so large an item in the cost
of production of sait that any economy effeeted
in its use materially increases the margin of
profit. With the ordinary open pans one ton of
fuel (containing 80 to 85 p.e. combustible matter)
will make from 2 to 2-2 tons of sait. A well-
constructed triple effect plant will make four
tons of sait for one ton of fuel. The process
consists essentially in the utilisation of the
latent heat of the steam in connection with the
lowering of the boiling-point, by employing a
pressure below the atmospheric one. In such a
way a liquor which has a high boiling-point is
energetically evaporated by means of the ordi¬
nary exhaust steam from engines, and the
steam yielded by evaporation is used over again
forthe evaporation of anotherportion of theliquor.

The ordinary process of manufacturing sait
from brine is as follows : the brine is run into
a shallow pan, which is heated from below,
and is made of such a shape as will ex¬
pose as much surface as possible both to the
action of the fire and of the air. The oldest
pans of which there is any record were made of
sheet lead, and were only about 3 feet square
and 3 to 4 inches deep, holding little more
than 15 gallons. These so-called ' leads,' when
filled, were set aside in a warm place or on a
hot flue, until the brine deposited its sait.
About the middle of the seventeenth century iron
pans superseded the leaden ones, and these
were constantly made larger in size. In 1765
the largest pans used at Northwich were 20 feet
long by 9 or 10 feet wide. At the présent time
the smallest employed are 25 feet long by 20
feet wide and 15 inches deep, while some of
the pans used for making coarse sait are 70 feet
long by 25 feet wide and 18 inches deep.

The pans are placed upon briekwork, which
serves for a support and also forms the walls
of the flues. The fireplaces are placed in
the front, and vary in number from 2 to 4,
according to the size of the pan and the work it

V A ,/
u troil \m Ircil Incnl

0 D D D

Fig. 6.—Setting of Salt-pans.
a. The salt-pan. b. The front wall or fore-bye.

c, c, c, c. The fireplaces. d, r», d, d. Ash holes.

has to do. The flues are frequently carried
straight from front to back of the pan. In
some pans the portions marked f in figs. 7 and 9
are shut off from the flues in order that when
the sait is raked up to the side, previous to-

Fig. 7.—Setting of Salt-pans.
a. The salt-pan. e, e, e, e. The flues.

drawing, it does not cause super-heating of the-
pan plates. Fig. 6 shows the front view of a
salt-pan ; fig. 7 is a cross section at the break
shown in fig. 8 ; fig. 8 is a longitudinal section ;
fig. 9 is a plan of the flues.

\ a / / * f
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Fig. 8.—Setting of Salt-pans.

a. The salt-pan. c. Fireplace. d. Ash hole. e. fine.

The pans are made of wrought-iron plates
carefully riveted together like boilers. The
plates which lie direetly over the fires are made
of greater strength than the rest of the pan, on
account of the greater wear which they have tu

e. Flues. f. Blank space.

stand. As the plates have to be renewed more
frequently than any others, they are made
smaller, and are so arranged that they can
readily be eut out (see fig. 10). Each set of fire-
plates a, a, a, a, isseparated from its neighboursby
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a midfeather plate bb, which rests upon the
wall dividing two tireplaces. The two outer
sets are separated from the side of the pan by a
similar long plate. The bottom and sides of the
pan are joined by means of an angle iron, to
which each is firmly riveted (flg. 11).

As above stated, the plates a which lie in
the vicinity of the lires are subjeeted to the

c /

"t-X
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c '

Fia. 10.—Plan of Salt-pan, showing Arrange-
ment of Plates.

greatest wear. When they beeome over-heated
they sink and stretch, and, in so stretehing,
they tear the plates c at the front of the pan.
It is obvious that the removal of the front plate
would necessitate fréquent interférence with the
angle iron, and this would entail a greater
expenditure of labour ; therefore it is found

Fia. 11.

advisable to place two rows of plates along the
front. Ail the plates used in the neighbourhood
of the fires are §• inch thick, while those em-
ployed for the back parts are J inch. Some
French pans have the fire-plates raised towards
the centre above the level of the rest of the pan
(see fig. 14), in order that the sait, when formed,
may float off the fire-plates. Sait pans should

21

Fia. 12.

be made to extend about 1 foot or 1 foot 6
inches beyond the front wall, in order to keep
the angle iron well out of the fires. They are
also made to overlap the side walls by about 6
inches, for the double purpose of keeping the
angle iron clear of the flues, and for allowing
what is known as toe-room for the man who

draws the sait out of the pan. If the drawer
can place his toe under the pan, he is able to
get his leg fiât against the side of the pan.
This aiïords him greater power in stooping over
the pan, and prevents him wearing the skin off
his knee. The best method of setting the pan
on the side walls is to build up a 9-inch wall,

Fia. 13.
a. Salt-pan. B, B. The hurdles. c. Standing side.

and make the top course of bricks only 4|
inches (see fig. 12).

What is technically known as the ' standing
side ' consists of a gangway of 2-inch planks
about 2 feet wide, which runs the entire length of
the pan, on a level with the top of the 9-inch
side wall. On both sides of the pan, and often
across the back, there runs a platform composed

Fig. 14.—Longitudinal Section of a French
Salt-pan, showing Shape of Pan and Ar¬
rangement of wooden cover.

a. Salt-pan. a, a, a. P.aised fire-plates. b. Fireplace.
c. ï'lue. d, d, d, &c. Movable doors in cover. e, E, E. Cover
forming hurdles.

of 2-inch planks well jointed together, and
caulked with oakum. These stages are techni¬
cally known as the ' hurdles,' and serve for a
receptacle for the wet sait freshly drawn from
the pan. They have a fall towards the centre
or half-length of the pan, and are bordered on
the pan side by a gutter in order that the brine
which drains from the sait may run back into
the pan. It is customary on the Continent to
cover in the salt-pans with a wooden shelter,
provided with an upright shoot to take off the
steam. In sueh cases this cover serves instead
of the hurdles, and it possesses the distinct
advantage that the heat from the pan serves in
a great measure to dry the sait. In some Con¬
tinental works a tramway runs down the centre
of this wooden cover, and the sait is taken off
in trucks (see figs. 14 and 15).

Fine-grained or lump sait. Fine-grained
sait is made in the smallest-sized pans. These
are 25 to 35 feet long and 20 to 24 feet wide,
and 15 to 18 inches deep. The brine is boiled

f f 2
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and reaches the température of 226°]?. or
107'5°C. As the sait forms it is raked otï the
fire-plates to the side of the pan from time to
time. Twice or three times in twenty-four hours
the sait is drawn from the pan.

The sait is lifted out of the pan on a per-
forated sort of shovel, known as a ' skimmer '

SHOWING ChIMNEYS TO CAREY OFF THE SïEAM.
Dotted line shows curve of the pan over the lires.

(fig. 16). As it is drawn out of the pan it is
placed either in wooden boxes (fig. 17) standing
on the hurdles, or thrown on to the hurdles in
bulk. As it cools in the boxes the hot brine
which it eontains crystallises, and suffices to
cernent the whole together into a solid mass.
This is knocked out of the box and placed in
the stoving chamber to dry. This hot room is
generally heated by the waste heat from the

flues of boiling pans. The fine table salts are
prepared by crushing and grinding the lumps
after drying.

Common sait. The name ' common ' is given
to that grain of sait which is made for use in
various manufaeturing opérations. It is made
at a température of 160° to 180°F., or 61° to
82°C., in pans 45 feet long by 25 feet wide and
18 inches deep. The sait is raked off the tires
about every two hours, and drawn out of the pan
every twenty-four or forty-eight hours. After
draining on the hurdles for some hours it is
shipped off in railway waggons.

Fishing sait. Fishing sait is a coarse-
grained variety manufactured for the fish-
curing trade. It is made at a température of
100° to 140°F., or 37'7° to 60°C., in pans 50 to

60 feet long by 24 to 25 feet wide and 2 feet
deep. The sait is drawn out once a week or
once a fortnight, according to the grain required.
These pans are often heated by the flue gases
from boiling-pans.

Bay sait. Bay sait is the coarsest-grained
sait manufactured. The pans employed are
very large, sometimes even 140 feet long by 25
to 30 feet broad. The température of the brine
is kept at about 100° to 120°F. The sait is
drawn every three weeks or month.

The sait manufacturer frequently manipu¬
lâtes his brine in order to obtain the exact grain
of sait that he requires. The addition of gelatin,
glue, or any kind of grease causes the sait to
form in very small crystals, whilst the addition
of alum has the opposite effeet. The opération

Fig. 17.—A Box foe Luiip Salt.

of adding such substances is technically known
as ' poisoning the pan.' Alum is employed in
the manufacture of a variety of salt known as
' hopper sait.' It causes the salt to crystallise
in hollow cubes, and as these float about before
falling to the bottom of the pan they become
surrounded by others, and gradually form into
the shape of a shoot or hopper (fig. 18).

Natural brine is seldom a solution of pure
sodium eliloride, but generally eontains other
salts in solution, as will be seen from the fore-
going analyses (p. 432). Certain of these sub¬
stances separate out during the process of
evaporation, and not only render the salt impure,
but give trouble in the pan. If the brine eon¬
tains calcium bicarbonate, the application of heat
produces a précipitation of calcium carbonate.
When this occurs in a salt-pan the carbonate of
lime (which is almost always accompanied by
oxide of iron) deposits on the top of the fire
plates, and forms what is technically called
' sand scale.' This has to be broken from time
to time with a blunt pick and fished out of the

Fig. 18.

pan, otherwise the plates would get red hot
and burn away. When a pan begins to leak,
the brine often crystallises as it drops into the
flue, and forms a stalactitic mass, which is locally
called a 'cat.' This is not the only trouble
caused by a leaky pan, for, in addition, hydro-
chloric aeid is frequently formed, through the
décomposition of sodium chloride by sulphur
dioxide in the presence of water. The sulphur-
ous aeid is generated by the combustion of
small quantifies of pyrites in the fuel. Ail
British salt works are now under Government
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inspection, and the chimney gases are tested from
time to time by the inspeotors.

If brine contains calcium sulphate, it de-
posits it when heated. This falls to the bottom
of the pan, and forms a scale which frequently
contains a large quantiiy of sait. It some-
times accumulâtes to a thickness of 4 inches and
is known as ' pan scale.' On account of the
growth of soale and the conséquent decreased
efficiency of the pan, it becomes necessary after
working for a given time to run ofî ail the liquid
from the pan and remove the scale. This opéra¬
tion is termed ' picking ' the pan.

In the Warsaw district, and at Syracuse and
other places in New York State, U.S.A., brine is
evaporated in small cast-iron pans shaped like
basins, and locally known as ' kettles.' They
are about 4 feet diameter and 2 feet deep.
They are set in rows on the top of a long flue.
A basket is placed on two iron rods which rest
on the rim of each pan, and the sait when
drawn is thrown into the basket and allowed
to drain into the pan.

In the same districts large quantities of sait
are made by solar evaporation. The pans are
made of wood and rest upon the ground. They
are usually 18 feet long and 16 feet wide and
4 inches deep. Each pan (technically termed a
' cover ') is provided with a movable roof.. In
fine weather this is pushed on one side, and the
brineis exposed to therays of the sun. During rain
it serves to keep the sait from beingre-dissolved.

Along the banks of the Yang-tze river in

China there are numerous wells from which
brine is extracted in bamboo pipes, and then
evaporated by means of gas from adjacent
petroleum wells. A large quantity of sait is made
at Tzu-lin-ching. A well of so-called ' blaek '
brine will yield about three tons of sait per day.

In India large quantities of sait are made by
solar evaporation. The manufacture is only
carried on during the hot rainless season. The
brine is run into shallow ponds, which cover
very large areas. Along the Coromandel coast
there are numerous salt-gardens where sea-water
is evaporated. In Madras and Orissa alone there
were 69 factories at work in 1889. In the Scinde
district the principal works are at Maurypur,
where there are 59 in opération. In the Gwalior
district brine is made from saline soil and then
evaporated by the sun's heat.
Statistics of the manufacture and export of

sait. United Kingdom.
The sait which is produced in the United

Kingdom consists of rock sait and white or
manufactured sait. The Leblanc soda industry
consumes a very large quantity of the manu¬
factured sait ; but in the ammonia soda process
the sait is used in the form of brine. In the
Government returns this sait is treated as sait
produced under the head of ' sait in brine.'
In Ireland the white sait is manufactured from
rock sait, which is dissolved in sea-water when
available. The followingtable gives the production
for the United Kingdom for the last nine years :

Total white and rock sait, and sait in brine, produced in the United Kingdom.
Year Rock sait White sait Total tons

1882 204,053 1,931,446 2,135,499
1883 233,170 2,092,550 2,325,720
1884 197,521 2,135,183 2,332,704
1885 190,480 2,017,203 2,207,683
1886 173,448 1,968,772 2,142,220
1887 180,422 2,013,529 2,193,951
1888 217,456 2,088,113 2,305,569
1889 161,205 1,785,291 1,946,496
1890 188,730 1,958,119 2,146,849

Totals for nine years 1,746,485 17,990,206 19,736,691

Average per year . 194,054 1,998,911 2,192,965

County Rock sait White sait Total

England. Tons Tons Tons
Cheshire .... 159,088 1,440,088 1,599,176
Durham ....

— 199,971 199,971
Lancashire — 7,877 7,877
Staffordshire.... — 7,135 7,135
Worcestersbire — 267,348 267,348
Yorkshire ....

— 35,700 35,700

Totals . 159,088 1,958,119 2,117,207
Ireland.

Antrim 29,642 î 29,642

Totals for the United Kingdom . 188,730 1,958,119 2,146,849
1 Quantity 14,801 tons included as rock sait.

The total quantity produced in 1890 was made up from the various districts as follows :—•
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The following table (from the Board of Customs return) shows the countries to whicli tlie
British-made sait is exported:—

Country to whicb exported
1889 1890

Quantity. Tons Value. £ Quantity. Tons Value. £

Bussia ..... 7,946 4,389 16,123 9,225
Sweden and Norway 31,200 18,816 25,313 14,924
Denmark .... 35,685 17,976 26,213 12,235
Germany .... 22,839 12,023 24,672 14,556
Holland .... 21,248 6,385 15,835 4,571
Belgium .... 21,466 14,936 27,359 17,228
West Coast of Africa 32,241 33,584 37,340 46,000
British East Indies 244,385 169,438 289,983 247,361
United States of America 119,087 130,887 113,990 128,259
Australasia .... 32,718 42,960 52,271 66,137
British North America . 64,289 49,952 70,334 57,277
British West Indies 6,499 8,059 5,389 8,019
Foreign West Indies 770 551 37 77
Chili 4,583 4,385 2,795 3,490
Brazil 6,556 6,373 8,346 8,566
Other countries 11,245 17,799 10,021 14,746

Totals 660,757 538,513 726,021 652,671

Sait produced in Britisli Colonies and Depen-
dencies, 1839.

Tons

Cape of Good Hope . 584

Ceylon 1,450
India . 1,028,813
South Australia . 3,286
Canada 29,314

Sait produced in Foreign Countries.
Tons

France 747,000
Algeria 30,400
Prussia 520,000
Bavaria 43,000
Germany (other parts) 475,000
Austria 283,000
Hungary
Italy .

Bussia
Spain .

Switzerland
Greeee
United States
Japan

160,000
418.000

1,156,000
414,000

42,000
17,500

1,023,000
100

J. I. W.
Sodium bromide NaBr may be prepared

similarly to the iodide (q. v.). Castelhaz (Am. J.
Pharm. 42, 509) recommends its préparation for
médicinal purposes by double décomposition be-
tween sodium carbonate and ammonium bromide.

When erystallised from solutions at tempéra¬
tures above 30°, it is obtained in anhydrous
cubes, but if deposited below that température
the crystals form rhombic prisms of the com¬
position NaBr2H„0. According to Kremers (J.
1858, 41), the sait dissolves in 1-29 parts of
water at 0°, and in 0-87 parts at 100°. The
saturated solution boils at 121°. It dissolves in
13 parts of alcohol at 15°, and in 11 parts of
boilingalcohol.

Chlorine displaees bromine from the brom¬
ide to a limited extent even at the ordinary
températures (v. Potilitzin, B. 12, 695).

A body crystallising in hexagonal plates and
liaving the composition NaBr.2As203 has been
obtained by Biidorff (B. 21, 3051) by dissolving
arsenious oxide in a boiling solution of the
bromide.

Sodium iodide Nal may be obtained in a
state of purity by dissolving sodium hydrate
or carbonate in hydriodie acid, or, preferably, by
dissolving iodine in caustic soda until the solu¬
tion is permanently brown, and evaporating the
solution of mixed iodide and iodate thus ob¬
tained (6NaHO +18 = 5NaI + NaI03 + 3H20) to
dryness, and heating it to dull redness to reduce
the latter sait to iodide. For pharmaceutical
purposes, powdered wood charcoal is usually
mixed with the residue before ignition to facili-
tate the réduction.

It is also sometimes prepared by decom-
posing a solution of ferrous iodide obtained by
the action of iodine on iron in presence of
water, with sodium carbonate (v. further, Proc¬
ter, Am. J. Pharm. 1854, 305). At a tempéra¬
ture of 20° or upwards, sodium iodide separates
from solution in anhydrous cubes, but below
that température it crystallises in déliquescent
hexagonal jîlates of the composition NaI.2H20.
Sodium iodide fuses at 628° (Carnelley, C. J. 33,
279). According to Kremers (P. 97, 14), it is
soluble in 0-63 parts of water at 0° and in 0;32
parts at 100°. The saturated solution boils at
141°. A compound of sodium iodide and iodate
3NaI.2NaIO3.20H2O is said to exist (Marignac,
J. 1857, 124), and Biidorff (B. 21,3051) has ob¬
tained crystalline plates of the composition
NaI.2As203 by slowly cooling a solution of ar¬
senious oxide in a boiling solution of sodium
iodide.

Sodium iodide is used to some extent medi-
cinally in place of the potassium sait.

Sodium sulpbites. The normal sulphite of
sodium forms anhydrous crystals of the compo¬
sition Na.,SOs, or hydrated crystals of the com¬
position Na.,S037H._,0. It is usually prepared by
passing sulphur dioxide gas through a solution
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■of sodium carbonate or hydrate, or over crystals
of the carbonate, until absorption ceases. The
bisulphite NaHS03 which is thus formedisthen
converted into the normal sait by the addition
of as much sodium carbonate as was originally
présent: (1) NaHC03 + S0., = NaHS03 +CO., ;
(1) 2NaHS03 + Na,C03 = 2Na,SOs+C02.

The following method is recommended by
Hartog (Brit. Assoc. Beports, 1889, 549, and
C. B. 109, 179, 221, and 436) for preparing the
pure normal sulphite. A solution of 300 grms.
of sodium carbonate in 100 c.c. of water freed from
dissolved oxygen by passing nitrogen through it,
as recommended by Berthelot, is saturated with
.sulphur dioxide, and a concentrated solution of
300 grms. of sodium carbonate is added. The
bottle being then placed in an oil bath heated to
120°, the sait rapidly deposits from the solution
in small anhydrous crystals.

On the large scale, the sulphite is obtained by
passing sulphur dioxide through a solution of
the carbonate, or through a vessel filled with the
crystals, until a sample possesses an acid reaction.
The solution of sulphite and bisulphite thus ob¬
tained is heated to boiling, and treated with
.sodium carbonate until carbon dioxide ceases to
be evolved. Theliquid is then settled, decanted,
and erystallised.

If the carbonate crystals or solution be kept
helow a température of 15°F., the resuit of the
reaction is practically a mixture of the normal
sait and bisulphite produced according to the
above équations, but at températures between
100° and 125° the product consists alrnost
■entirely of the metasulphite described below,
and known commercially as ' metabisulphite ' :

2Na.HC03 + 2S02 = Na2S205 + 2CO.. + H.,0.
Messrs. Boake & Go. (Pat. No. 4,262, 1888)

préparé the commercial ' metasulphite ' by
passing sulphur dioxide through sodium car¬
bonate or hydrate at a température varying
from 43° to the boiling-point of the liquid.
The solution, which has a sp. gr. of 1-4 to 1-45
when the reaction is finished, deposits the erys-
talline metasulphite on cooling.

The normal sulphite occurs in anhydrous,
transparent, monoclinic, odourless, etllorescent
crystals of cooling saline taste and of faintly
alkaline reaction. The hydrated sait, which sépa¬
râtes from cold solutions in transparent mono¬
clinic crystals, contains 7 molécules of water.
According to Muspratt (C. S. Mem. iii. 292 ; P.
50, 259), it has been obtained in large oblique
prisms of the composition Na2S03.10H,0 by spon-
taneous evaporation of the solution over sul-
phuric acid. Schultz-Sellack (J. pr. [2] ii. 459)
and De Forcrand (C. B. 98, 738) doubt the exist¬
ence of the latter sait.

The hydrous sait becomes anhydrous when
heated to 150°. According to Kremers the an¬
hydrous sait dissolves in about 7'07 parts of
water at 0°, 3-49 at 20°, and 2-02 at 40°.

The bisulphite crystallises in small shining
anhydrous prisms possessing an acid reaction
and a smell of sulphur dioxide. It may also be
obtained with 4 or 9 molécules of water of crys-
tallisation. It is largely used instead of the
normal sait on account of the greater propor¬
tion of sulphur dioxide it contains.

When heated to dull redness, the sulphite is
converted into a mixture of sulphate and sul-

phide : 4Na,S03 = 3Na2SO.,+ Na2S. When
heated in dry sulphur dioxide gas at about 190°,
the anhydrous sulphite is partially deeomposed,
a little sulphur being separated, with formation
of some sulphate and thiosulphate (Divers, C. J.
1885, 208). The commercial sait usually con¬
tains thiosulphate, sulphate, and carbonate.

Among a large number of double sulphites
of theoretical interest may be mentioned the
sodium potassium salts (Hartog, l.c., and
Schwicker, B. 22, 1728) and the sodium ammo¬
nium salts (Schwicker, l.c., Hartog, l.c., and
Bôhrig, J. pr. 37, 217, and Touber, J. C. T. 1888,
444).

The metasulphite previously mentioned as
being produced when sodium carbonate in hot
solution is saturated with sulphur dioxide was
first observed by Muspratt (C. S. Mem. iii. 292
P. 50, 259) in the form of monoclinic crystals
This sait was formerly known as the anhydro
sulphite, but, according to Berthelot (C. B. 96
142), should rather be considered as a meta
sulphite corresponding with the normal sul¬
phite, as the metaphosphates correspond with
the orthophosphates.

When heated to dull redness, it produces the
sulphate, with séparation of sulphur dioxide and
sulphur :

2Na2S.,05 = 2Na,S04 + S02 + S.
The normal, bi-, ancï meta- sulphites are

largely used (sometimes under the name ' leu-
cogen ') in various industries, principally as re-
dueing agents and antiseptics and as sources of
sulphur dioxide. The boiling solution has the
power of readily dissolving the resin, gum, &c.,
contained in wood without in any way injuring
the cellulose. Hence the bisulphite is used in
preparing the ' sulphite pulp ' now so largely
made from wood for paper-making. It is also
valuable to the calico-printer and colour maker
as a reducing agent, as an ' antichlor ' for remov-
ing the last traces of chlorine from the bleached
pulp obtained in paper-making, and it is used in
the composition of several colours for calico-
printing. It is employed as an antiseptic for
steeping grain, preserving food, &c., and medi-
cinally as an antiseptic lotion and as an anti-
zymotie for internai use. In photography it is
largely employed in various developers for pre-
venting oxidation of pyrogallol, and has been
proposed by Abney (Phot. News, 1885, 370) as a
substitute for thiosulphate in removing the un-
altered silver salts in photographie printing.

Sodium sulphate, teehnically called ' sul¬
phate,' or ' saltcake,' was first obtained by its
discoverer, Glauber, as described by him in 1658,
exaetly in the same way as it is prepared now,
by the décomposition of common sait by sul-
phuric acid. The erystallised sait, containing
10 molécules of water of hydration, is even now
called ' Glauber's salts.' Both the anhydrous
and the hydrated salts are found in many places
in nature ; the former, as a minerai, is called
thenardite, the latter mirabilite. Large quanti¬
tés of native sodium sulphate occur, especially
in Spain, at Lodosa, in the Ebro valley, and else-
where, and in the Western States of North
America.

The double sulphate of sodium and calcium,
called glauberite, also occurs naturally in large
quantifies and in many places.
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Sodium sulphate is frequently obtained as a
by-product of other manufactures, of which we
mention only two.

Impure sodium sulphate is obtained in the
(now almost obsolète) manufacture of hydro-
chloric acid in cast-iron cylinders from eommon
sait and sulphuric acid; this product, called
cylinder-cake, mostly contains from 7 to 10 p.c.
of undecomposed sodium chloride. On the
other hand, the nitre-cake, obtained in decom-
posing nitrate of soda by sulphuric acid, always
contains a considérable proportion of hydro¬
sodium sulphate, NaHS04.

A certain quantity of sodium sulphate, prin-
cipally in the state of Glauber's salts, is made
from the mother-liquors of salt-works, especially
those producing sait from sea-water on the
shores of the Mediterranean. Some more is
yielded by working up the ' pan-scales,' essen-
tially consisting of a mixture of sodium and
calcium sulphates, and from the residues left on
dissolving the crude carnallite (' Abraumsalz ') at
Stassfurt. The latter contains a large quantity
of insoluble kieserite, MgS04,H20, which, on
being exposed to the weather, or brought into
contact with water for some time, gradually
yields soluble magnésium sulphate, MgS04,7H20.
The residues at the same time contain very much
common sait, and, if necessary, more of the
latter is added, so as to bring up the quantity to
the proportion of 2 NaCl to 1 MgS04. When this
mixture is dissolved in water and the solution is
exposed to a natural or artificial cooling a few
degrees below 0°, the following décomposition
(noticed by Scheele as early as 1787) sets in ;

MgS04 + 2NaCl = Na2S04 + MgCl.2.
The sodium sulphate erystallises as Glauber's
salts, the magnésium chloride remaining behind.
Many thousands of tons of Glauber's salts are
made at Stassfurt in this way.

The décomposition between magnésium sul¬
phate and sodium chloride can also be brought
about by heat; in the presence of water (e.g.
when employing Epsom salts) hydrochloric acid
is given off, and a mixture of sodium sulphate
and magnesia remains behind, from which the
former may be extracted by lixiviation. This
process was tried in 1795 by Lord Dundonald,
and in 1854 by Eamon de Luna.

Calcium sulphate has been experimented
upon by many inventors in many ways, in order
to transfer its sulphuric acid to the sodium of
common sait ; but this process seems to be use-
less. The same must be said of other sulphates
tried for the same purpose. None of these pro¬
cesses has ever found any industrial application.

By heating metallic sulphides with common
sait in the presence of air, sulphate of soda is
produced in considérable quantities. This pro¬
cess has been known for at least a century in
metallurgy, where it is employed for extracting
silver and copper from their ores. In this case,
of course, the métal is the product really aimed
at, and the sodium sulphate is in actual practice
run to waste in the shape of impure solutions.
In 1842 Longmaid introduced a modification of
this process, by which the sodium sulphate was
obtained in a marketable form ; but this was

only practicable when employing ordinary iron
pyrites, free from copper, and the sodium sul¬
phate obtained in this way could not compete

with that made in the ordinary way from common
sait and sulphuric acid, as found out in the
working of Longmaid's process in several places
through a number of years. It is well known
that a similar process is universally einployed
up to this day for the recovery of copper from
cupreous pyrites ; but here the sodium sulphate
is lost, as mentioned above, ail attempts to re-
cover it liaving failed on account of expense.

Iron pyrites is, however, employed in a dif¬
férent manner for manufacturing nearly ail the
sodium sulphate found in trade— namely, either
by first manufacturing sulphuric acid and em¬
ploying this for decomposing common sait, or
by the direct process of Hargreaves and Bobin-
son, in which the pyrites-kiln gases are made to
act upon common sait under such circumstances
that sodium sulphate and hydrochloric acid are
produced. We shall now describe these two pro¬
cesses.

The décomposition of sodium chloride by sul¬
phuric acid is the process employed by Glauber,
by Leblanc, and in the greatmajority of existing
alkali-works. We shall omit mentioning the
obsolète processes of performing this opération
in glass retorts or iron cylinders, and merely de¬
scribe the process as universally carried out at.
the présent.

Exeepting the case of meehanical saltcake-
furnaces (to be described further on), the décom¬
position of sait is now always carried on in two,
stages. Although the sait is at once mixed with
enough sulphuric acid to convert it into normal
sodium sulphate, this conversion is not attained
at once, but at first only hydro-sodium sulphate-
is formed, half of the sodium chloride remaining:
behind :

(1) 2NaCl + H2S04 = HCl+NaHS04 + NaCl
Only on raising the température to a considéra¬
ble extent a further reaction takes place, by
which the décomposition is completed :

(2) NaHS04 + NaCl=HC1 + Na.,S04.
These two reactions are not, of course, quite-

sharply separated ; in fact, during the first stage,
which is carried out in the decomposing-pan, or
saltcake-pot, from two-thirds to three-fourths of
the total hydrochloric acid is given oiï at a eom-
paratively low température, leaving only a third
or a fourth for the second stage, the opération,
in the roaster, or drying-furnace. The decom¬
posing-pan formerly used to be made of lead, but.
this has been mostly (in England universally)
superseded by cast-iron, which admits of much
more rapid work, and thus causes a great saving-
of labour, fuel, and interest.

The raw materials for this saltcake process
are :

1. Common sait—that is, impure sodium,
chloride. In England almost exclusively ' pan¬
sait ' is used, the porous condition and coarse-
grain of which is of great advantage in the pro¬
cess ; it is also generally very pure, but con¬
tains varying quantities (up to 7 p.c.) of water.
On the Continent rock sait is employed to a.
great extent; this must be coarsely crushed,
not finely ground, and should be as free as
possible from sulphate of lime. Cheshire rock
sait contains too much ferrie oxide to be directly
employed in the saltcake process.

2. Nitre calte—that is, the residue from the
manufacture of nitric acid, consisting of a.
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mixture of a normal and aeid sodium sulphate.
It must be tested forthe percentage of thelatter,
and a quantity of common sait, just sufficient to
décomposé it into normal sulphate, must be
added to the charge. It is decidedly advisable
to grind the nitre-cake, preferably with the
requisite quantity of common sait, and to add.
moderate quantities of this mixture to an ordi-
nary charge of sait.

3. Sulphuric acid. This should be neither
too weak nor too strong, preferably between 140°
and 144°Tw.—that is, at the strength as it
usually cornes from the Glover tower. Stronger
acid acts too rapidly, and yields badly mixed
batches ; weaker acid retards the opération,
makes the condensation of the hydroehloric
acid much more difïicult, and greatly injures the
pots.

The saltcake-pots are now always made in
the shape of shallow cast-iron dishes, 9 to 11
feet in diameter, and 1 foot 9 inches to 2 feet
6 inches deep ; the thickness of the métal
varies from 5 to 7 inches in the centre, and from
2 to 3 inches at the sides. These ' pots ' weigh
from 5 to tons, and must be made of a spécial
mixture, so as to combine résistance to chemical
action with toughness and résistance to changes
of température. Their edge is sometimes quite
plain, sometimes provided with an ordinary
horizontal flange ; but, best of ail, with an up-
standing margin on a horizontal flange as
shown in fig. 19 (u. p. 442). In the latter case
they are arched over in such a way that the arch
is sprung from the pan-edge itself, and that any
leak occurring here cannot cause the escape of
any hydroehloric acid into the fire-flues. The
setting of the pan must be made very carefully,
so that it receives an equal heating ail over its
bottom, and isnever overheated in anyone spot,
which would cause it to crack very easily. This
is best understood by reference to figs. 19 and 20.

On the Continent it is usual to dispense
with a spécial fire for the pot, and to heat
it by the waste fire of the roaster. It is
true that the work cannot be done quite so
rapidly in this way as with a separately-heated
pot, but such an arrangement saves fuel, and is
more conducive to a long life of the pot. It is
particularly adapted to muffle-furnaces, and is
sometimes used with those in England as well.

Near the decomposing-pan there must be a
cistern for measuring the sulphuric acid to be
run in for each charge. It is préférable that
this acid should be moderately warm, and this
can be attained by employing as gauge-vessel an
iron pan lined with lead, and placing this over a
hot flue.

The calcining-furnace (roaster or drier) may be
of various patterns—either a reverberatory (open)
furnace, or else a mufïïe-furnaee (close or blind
roaster). Open furnaces are mostly in use at the
Tyneside works ; they are easy to build and to
keep in repair ; they admit of a large quantity of
work to be got out, and it is not possible
with them for any acid gas to escape passing
through the condensera. On the other hand,
they require an expensive sort of fuel—viz. coke
—in order not to stop up the condenser with soot,
and, although it is quite as easy with them as
with close furnaces to condense ail the hydro¬
ehloric acid, so far as the requirements of the law

are concerned, yet it is not possible to make
that acid as concentrated as with close roasters.
This possibility of obtaining a much larger
quantity of strong hydroehloric acid is, indeed,
the principal advantage of the close or blind
furnaces, which are more prévalent in the other
parts of the United Kingdom, and are exelusively
employed on the Continent. This kind of fur¬
nace is much more difïicult to build and to keep
in repair than open furnaces. The quantity of
work got out with them is decidedly less, and
hence the cost of labour ismore considérable ; that
of fuel is, however, less, since coal can be em¬

ployed, and since the waste heat of the roaster
is quite sufficient for heating the pot as well.
The greatest drawback of blind furnaces used to
be their liability to lose some of the acid gas by
cracks in the bottom or roof of the muffle, and
the majority of works were not always able to
prevent this, even with the greatest care. Such
acid, escaping into the fire-flues, necessarily
missed passing through the acid condenser, and
great damage to the surrounding végétation was
sometimes the conséquence. This drawback is,
however, avoided by employing ' plus-pressure
furnaces,' in which the draught in the flue sur¬
rounding the muffle is less than within, so that in
case of any leaks, in lieu of acid gases penetrating
into the flues, on the contrary, a little of the
fire-gas enters through the cracks into the
muffle, without causing any appréciable damage
to the work.

The higher pressure in the fire-flues outside
the muffle can be brought about by various
means—either by closing the ash-pit of the fur¬
nace and forcing in the air needed for the com¬
bustion of the fuel, by means of a fan-blast, or a
Koot's blower, or similar eontrivanee, or else
by placing the fireplaee much lower (say 4 feet)
than in other furnaces, so that the heated fire-
gases gain an ascensive force, corresponding
to the height of the heated column, and thus
enter the flues under the pressure desired.
This System (invented by Deacon) not merely
prevents the hydrogen chloride from passing
away into the chimney, but it incidentally leads
to a considérable saving of fuel — say, 30 p.c.—no
doubt, owing to the fact that the supply of air,
both below and above the fire, is more carefully
regulated than in the old furnaces. Adding to
this the saving eiïected by avoiding the fréquent
repairs always connected with stoppages that
were needed to keep the old furnaces sufficiently
tight to comply with the requirements of the
Alkali Acts, the total saving is said to amount
to 200Z. per annum per furnace.

We shall now give illustrations of each kind
of roaster. Figs. 19 and 20 show the usual Tyne¬
side drying-furnace, with the pan attached to it,
in sectional élévation and plan, a is the fire¬
plaee of the furnace, the area of which is com-
paratively small compared with that of the
furnace-bed ; 6 is the furnace-bed, with two
working doors /; c, the outlet for the mixed
fire-gas and acid gas ; d, the decomposing pan,
covered by an arch resting upon the pan flange ;
e, the gas-pipe ; h, a balanced double cast-iron
damper, which closes the passage k (fig. 20) (the
'shovinghole') between pan and furnace ; m, the
fire-grate of the pan, covered by the arch n,
pierced by a number of holes ; o o, a ' circular
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wall on whicli the pan is supportée!, equally
pierced with holes, so that the flame eseapes into
the annular spaee outside, and thenoe into the
main flue. It is évident how the setting of the
pan aims at causing the flame to avoid striking
the pan whilst it is hottest, and to distribute
the beat as equally as possible.

The Saint-Gobain Company in 1891 still
■employed simiiar furnaces, in preference to
mechanical furnaees, on aceount of the better

yield of hydroehloric acid (Rapport du Jury,
1889, p. 70).

As an instance of a blind furnace \ve will
show a ' plus-pressure furnace ' on Deacon's
System, in figs. 21 to 24. It is plainly shown here
how the flame generated on a grate far below
the top of the muffle is made to play, first on
the top, then under the bottom, of the muffle,
which is supported by a number of dwarf walls.
The flame then travels on by an exit flue under

Pie.

the bottom of the pan, which is thus heated
without any expenditure of spécial fuel.

The work in saltcake making, as far as the
pan is concerned, is almost entirely the same,
whether the roaster be an open or a blind one.
Only the size of the batches differsin both cases.
With open roasters, which admit of finishing a
batch once an hour, or even oftener, batches are
made of 6 or 8, or at most 10, cwt. of sait. With
close roasters, requiring upwards of two hours
for each batch, they are in England made larger
—15 to 1G cwt. ; but on the Continent even then

19.

smaller batches are preferred. In any case, the
pan, after removing the last batch, is carefully
cleaned from crusts, which would burn fast and
cause it to crack prematurely. It is then allowed
to cool down to some estent, and the sulphuric
acid, preferably heated up to some extent, is run
in, whereupon the sait is charged, usually in the
damp state, as it cornes from the warehouse.
Sometimes the sait is put in first and the vitriol
run in afterwards. The quantity of the acid
must, of course, be exactly regulated, and in
measuring it in the gauge-vessel (comp. p. 441),

mon sait is never pure NaCl. This must be
taken into account as well, by daily testing the
sait at least for moisture, and allowing, say,
2 p.c. for other impurities. Thus, 100 parts of
sait containing 95 p.c. of NaCl would take 79'63
parts of SO,H, or 100-97 parts by weight of
sulphuric acid of 144°Tw., measured at 15CC.
This means yr=|- = 58-70 litres of acid of
144°Tw. for each 100 kilos, of 95 p.c. sait, if
the acid be measured at 15°C. ; but, if the tem¬
pérature were 100°C., the rates of the spécifie
gravities (as per the table quoted above) is as
1-64 and 1-72, and hence the 58 70 litres will

not merely the volume and the hydrometric
strength, but also the température of the acid
must be carefully observed, since the spécifie
gravity by itself is no index of the strength
of acid, without taking into account the tempéra¬
ture. A table for reducing the spécifie gravities
of sulphuric acid of various strengths to any
other température between 0° and 100°C. is
given in Lunge and Hurter's Alkalimakers'
Handbook, 2nd edit. pp. 105 to 107.

Theoretically, 100 parts of pure sodium
chloride would require 83"82 parts of pure
monohydrated sulphuric acid, or 106-28 parts of
acid at 144°Tw., measured at 15°C. But com-
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become = 61-56 litres, or, directly calculated,
100-97 ...

= t>l-56 litres.
I"b4

Practieally a little more acid must be em-
ployed, partly because the mixture can never be
theoretically perfect, partly because a little sul-
phurie acid or anhydride is volatilised, espeeially
in the roaster. With open roasters this excess

Fig. 21.

oi vitriol required is ahout 5 p.c. ; with close
roasters, only 2 or 3 p.c. Whether the propor¬
tions employed have been correct or not must
be decided in each particular case by testing of
the saltcake, which ought not to contain above
0-5 p.c. undecomposed sait, or above 1 p.c. free
acid (calculated as S03).

Fig. 22.

The first reaction between the ingrédients in
the saltcake pot is very violent, and there is a
tendency of the mass to rise and to froth over,
which is counteraeted by throwing in a little
tallow. The sait should be dissolved in the
vitriol, which is easily done with common pan¬
sait, but much less easily with rock sait, and is
assiste! by occasional stirring up, the handle of

Fig. 23.

the rake passing through a hole in the charging
door. The tire is then increased to drive otï
more hydrochloric acid, but not too much, lest
the batch becomes too stiff ; the work is regu-
lated in such manner that the batch is ready to
be ' cast ' or ' shoved1 into the roaster, just when
the last charge has been drawn from the latter.
For this purpose the damper h (fig. 19) is raised.
The work in the roaster must be carried on in
such manner that the batch is thoroughly turned

over and mixed. The cooler portions are
gradually brought forward towards the fire-
bridge, where the température is highest and ail
the lumps are crushed, because otherwise unde¬
composed sait would remain in their central por¬
tion.

The température within the furnace should
ultimately be a bright-red heat, and no more
vapours should be seen rising from the mass.
Still, it usually happens that, on drawing the
batch out of the furnace, copious vapours are
given off (those of sulphuric anhydride being
less pungent than those of hydrogen chloride),
and, to avoid any nuisance, the mass is frequently
first drawn into a cave, where it cools down and
is then removed without causing a nuisance.

The yield of saltcake is very nearly that cal¬
culated by theory from the dry sait. It may
be taken as 116 to 120 parts upon 100 of dry
sait. Calculated upon the sulphur burnt in the
pyrites kilns, it varies from 405 to 430 parts to
100 of sulphur actually burnt, open furnaces
yielding rather less than close ones (owing to
the volatilisation of some S03).

g

The consumption of coals varies from 30 to
50 parts to 100 of saltcake ; it is higher with
close roasters than with open ones, but the
différence is less where the pans are heated by
the waste fire of the muffle-furnace. Mactear
(S. C. I. 1811, 31) states it per ton of salt¬
cake, with Newcastle open roasters =4-29 cwt.
coke and 2-70 coals (for the pan) ; with Glasgow
close roasters = 10 cwt. of coals ; with his
mechanical furnaces = 4-5 cwt. coke or an équiva¬
lent of gaaeous fuel. The ' Wilson ' gas-producer
has been found very efficient with mechanical
furnaces.

Mechanical saltcake furnaces have been con-
structed by many inventors, cliiefly with the
view of dispensing with the great risk of break-
ing pans through the carelessness or inexpéri¬
ence of workmen, and, of course, to économisé
labour and coals. We mention among such
furnaces those of Jones and Walsh (1875 ;
improved in 1887 ; cf. C. N. 35, 51) ; Black
and Hill (1877) ; Cammack and Walker (1876) ;
Black and Larkin (1884). Some of these
have not answered in the long run, and we
shall confine ourselves to a description of one
of the most successful of mechanical salt-cake
furnaces, that of Mactear (1879, accurately
described and discussed S. C. I. Proc. of first
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General Meeting, 1881, p. 29 et seq.), as shown in
fjg. 25. It consists of a revolving circulai- bed,
covered by a fixed arch, the fire passing between
them and the access of air being prevented by a
' lute ' filled with saltcake. In the centre there is
a kind of pot into which both sait and aeid are
continuously fed, and in which they are mixed.
The pasty mass overflows into the outer beds,
and is both continually stirred and gradually
carried to the outer circumference by means of
a number of stirrers, which are protected against
the action of the fire and the acid gases by being
placed between the gas-flues. The finished salt¬
cake, arriving at the outer edge, falls into the
delivery trough running ail round the furnace,
and at the same time forming the ' lute.' The
acid vapours and products of combustion pass
away together in two flues, arranged at each
side of the row of stirrers. The bed of the fur¬
nace is lined with fire-brick, boiled in tar and
set in a spécial cernent, which beeomes even
harder when subjected to the action of the heat
and sulphate.

A great point in the Mactear furnace is the
continuous décomposition of sait. Thus a con¬
tinuons and even stream of hydrogen chloride is

evolved, and, although this is mixed with ail
the fire-gases, the condensation of the acid is
comparatively easy through the extreme regu-
larity of the process. The fiow of water need
not be altered for days, and the hydrocliloric acid,
it is asserted, can be condensed at a strength of
28° or 30°Tw., no weak acid being produced (com¬
pare, however, the French statements below).
It is claimed that the condensing-plant required
is decidedly less that that found necessary with
close furnaces. Mr. Mactear states the con-

densing-space required for his mechanical fur¬
nace = 120 cubic feet per ton of saltcake. Mr.
Carey (l.c. p. 39), for Lancashire close roasters
= 150 cubic feet (in 1881). Mr. Mactear, for
Tyneside open roasters = 400 cubic feet. Each
furnace can finish one ton per hour, or 144 tons
per week of six days, with only one man to do
the work, and an engineman for each two fur¬
naces. Rock sait can be employed in them, and
the quality of the sulphate is excellent.

The Mactear furnace was first fired with
coke ; then ' Wilson producers ' were attached to
it (compare above) ; but in France these hâve had
to be given up again for coke, so that the hoped-
for economy in firing has not been realised.
The difficulty of obtaining strong hydrochloric
acid has also been found much greater than had
been anticipated. Although the condensing-

plant at St. Gobain has been greatly enlarged
for this purpose, and the gases are cooled down
to 40° or 50CC. before entering the condensers,
the acid cannot be made stronger than 28°Tw.,
and in England it is often only made = 22°Tw.
The quality of the sulphate, however, is very
good (Officiai French Exhibition Report, 1891,
p. 72).

The Black and Larkin furnace, which is com-
bined with an ordinary pan, is a peculiarly-con-
structed mufiie, heated from without by a num¬
ber of small fires, both above and below, practi-
cally on the ' plus-pressure ' System, with a very
efficient mechanical stirring apparatus, thus
admitting ail the work to be done with elosed
doors, and avoiding ' low-level escapes.' Natu-
rally the condensation of the hydrochloric acid is
quite as easy in this case as with ordinary close
roasters. One such furnace décomposés from
72 to 80 tons of sait per week, and furnishes
enough hydrochloric acid to make 46 cwts. of
bleaching powder from 20 cwts. of sait. These
furnaces have been found very successful, and
are still at work in the place where they were
originally introduced. Another mechanical fur¬
nace, composed of two revolving cylinders, is
that of A. Walker (Eng. Pat. 9,760, 1887).

The direct process of manufacturing sulphate
of soda from common sait, sulphurous acid, and
air, without the intervention of sulphuric acid,
has been the subject of many efforts, commencing
with Gossage's, in 1850. Noneof these had any
practical success till Hargreaves and Robinson
(beginning from 1870) introduced a number of
improvements which have made that process
practieable and entirely successful. We shall
here describe it in its improved shape.

The process consists in conducting the gases
from pyrites kilns of something like the usual
principle, mixed with a suitable quantity of
steam, through a sériés of large cast-iron cylin¬
ders, charged with common sait, in such manner
that the fresh gas meets with the sait which has
been the longest time exposed to the treatment,
whilst the nearly-exhausted gas is brought into
contact with fresh common sait. In this wise it
is brought about that, on the onehand,the saltis
completely converted into sulphate, and, on the
other hand, the pyrites kiln gases are quite as
fully utilised as they would have been by passing
them into vitriol-chambers, hydrogen chloride
taking the place of sulphur dioxide. The re¬
action :

2NaCl + S02 + O + H,0 = Na2S04 + 2HCI,
takes place at a température of about 500° to
550°C., and this must be maintained against the
radiation into the surrounding space by external
heating ; but as the above reaction itself produces
heat, the amount of fuel required is not exorbi¬
tant—at least, if every care is taken against
undue loss of heat during the process. This is
ail the more necessary, as the process is a slow
one : it takes from two to three weeks before
the sait, charged into one of the cylinders, can
be taken out in the shape of finished saltcake.

The first step is bringing the sait into such
shape that the gases can readily pass through
it and yet reach ail parts of it to the very core.
After many attempts, the following plan was
found to be entirely successful : The sait
is crushed and moistened by exhaust steam. It
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then falls from a hopper upon an endless
chain of plates, each of them 12 inehes
broad and 5 feet across, of a total length of
100 feet, or more, rising up in a sloping oven
and returning underneath the same. On falling
upon that travelling-platform the sait is me-
chanically beaten down into a layer of 1 to 1|-
inch thickness, which is at onee eut, by means of
mechanieally-moved knives, into cakes about 3£
inches square. These now enter into the oven,
which is heated by the waste-fire of the cylinders,
and pass through it at such a rate that they
arrive perfectly dry at the upper end. As the
chain turns downwards the dry cakes detach
themselves and fall down upon a grating. They
are now dense enough to retain their shape in
the cylinders, and yet porous enough to be en-
tirely penetrated by the gases, their regularity of
shape securing regularity of draught in the pro-
cess.

The décomposition of the sait takes place in
a sériés of cylinders, from 8 to 20 in number,
about 15 feet in diameter, and 12 feet high,
and holding 40 tons of saltcake, or even more.
They are surrounded by small vertical flues con-
nected with a fireplace below, and their tops are
protected against cooling by a thick layer of
ashes. Inside there is a movable grate, on
which the sait rests. A number of manholes in
the top serves for charging ; a large door above
the bottom for discharging. A set of large east-
iron pipes serves for admitting the burner-gas at
once into any of those cylinders and for passing
it through the whole sériés, the gas always en-
tering at the top and going away at the bottom.
The connections between the main gaspipe and
any one cylinder and those between the single
cylinders are opened or closed by a very simple
arrangement—viz. by dividing the Connecting
elbow pipes or ' siphons ' in two halves, and

either shutting the connection by inserting an
iron plate or else leaving it open, always luting
the joint by a mixture of mortar and sait. From
the last cylinder of the sériés the gases pass,
through an opening in the bottom of the drawing
doorway, into a flue, whence they are withdrawn
by a Boot's blower, and sent into the hydro-
chloric acid condenser.

The diagrams (figs. 26 and 27) show such a set
of 8 cylinders, seen from the top and in section.

Fia. 26.

a, to a8 are the cylinders, b the discharging doors,
o o the iron pipes for burner-gas with their Con¬
necting siphons d and circulating siphons e ;
F is the outlet opening, g the gas-flue for the
exit gas ; j is an opening in the top by which
cold air can be admitted, in case the cylinders
get too hot.

The pyrites burners employed are specially
constructed with a view to avoiding radiation
and sending the gas as hot as possible into the

cylinders. The necessary steam is superheated
by the waste heat of the gases, and is usually
introduced in the upper part of the burners.

The movement of the gases through the
whole System is produced by means of a Boot's
blower, placed between the cylinders and the
acid condensers. By keeping the blower so hot
that no liquid acid can be condensed in it, it is
protected against any action of the acid ; but the
ends of the shaft, passing through the blower,
must, on the outside, run in water-cooled bear-

ings. The exhaust steam of the engine is utilised
for the steam required for mixing with the
burner-gas.

The amount of fuel required in a spécial case
was as follows (calculated upon 20 cwts. of salt¬
cake) :

For heating cylinders . - 4 cwts.
For preparing sait . .3 „
For steam .... 0*75 cwt.

7-75 cwts.
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In other cases nearly 10 cwts. of fuel has been
required, but in any case no more fuel is needed
than in the ordinary process of making sulphuric
acid and employing this for decomposing the
sait. In the largest and best-designed plants
the fires for heating the cylinders from without
are not needed at ail, the heat of the reaction
sufficing to make up for the loss by radia¬
tion.

The amount of sulphurous acid lost with the
exit gas is stated not to exceed 2 p.c. The con¬
densation of the hydrochloric acid, although it
is mixed with so much inert gas, is greatly facili-
tated by the absolutely régulai- and continuons
évolution of the hydrogen chloride, but care must
be taken to thoroughly cool the gas before it
enters the condenser.

The quantity of the saltcake obtained by the
Hargreaves1 process entirely dépends upon the
care taken in condueting it, espeeially in keeping
the température neither too high nor too low.
In the latter case the action is imperfeet ; in the
former, the sait fluxes, and the interior parts are
not converted into sulphate, which is indieated
by their reddish colour(caused by the décompo¬
sition of ferrie sulphate into ferrie oxide). With
proper care, the average strength should be quite
as good as with the ordinary process—say 97 p.c.
—and the comparative freedom of the Hargreaves'
sulphate from iron is a great advantage for its
use in glass-making.

A new patent of J. Hargreaves, T. Eobinson,
and J. Hargreaves (Eng. Pat. 5,682, 1886) con-
tains anumber of improvements on the old plan.

The advantages of the Hargreaves' process
are : a very large saving of space in comparison
with vitriol chambers and decomposing pans ;
émancipation from the risk of breaking pans ;
comparative freedom from nuisance ; saving of
ail nitrate of soda ; steady évolution, and hence
easy condensation, of hydrochloric acid, in spite
of its dilution with inert gases ; production of
sulphate alrnost free from iron.

The drawbacks are : the extreme care re¬

quired for keeping everything in order, since a
mistake in any one cylinder at once spoils 40
tons of saltcake ; and the very high cost of
plant, which does not, like chamber lead, retain
a great portion of its value when worn out.
It is also very difficult to make strong hydro¬
chloric acid ; usually it gets up to no more than
25° or 27°Tw. ; but at Hautmont, by greatly
increasing the number of bonbonnes, they
get up to 32°Tw. These drawbacks, con-
nected with the fact that about the time
when the Hargreaves' process had been fully
worked out, a great dépression in the alkali
trade set in, which prevented capitalists from
spending large sums of money in erecting new
alkali works, followed by the démonstration of
the economical superiority of the ammonia pro¬
cess over the Leblanc process of soda-making,
has caused the Hargreaves' process to be much
less introduced into praetice than would un-
doubtedly have been the case under other cir-
cumstances. It is, however, in eurrent work at
several English and two French alkali works.

Saltcake free from iron (or nearly so) is
required espeeially for plate-glass, window-glass,
and so forth. The Hargreaves sulphate is
frequently pure enough for this purpose. On

the Continent it is usually made by employing
decomposing pans made of lead, which are
certainly much more difficult to manage than
the cast-iron pots otherwise used. The batch
must be taken out much thinner, and the firing
must be much more careful than with cast-iron
pots. Sometimes refined sulphate of soda so
made by dissolving ordinary saltcake in a similar
way to soda (p. 477), adding a little lime and
bleaching powder in order to precipitate the
iron, settling, boiling down the clear liquor and
drying in a furnace, just like refining alkali
(p. 475). Schmaltz and Lowig (Germ. Pat.
23,378) describe a spécial process for manu-
facturing sulphate free from iron, based on the
application of kieserite.

Glauber's sait is crystallised sodium sulphate
Na2SO4,10H..O. It is manufactured for a few
purposes, principally for médicinal use and for
freezing mixtures. A considérable quantity is
obtained from the residuals of the Stassfurt salts,
and from the mother-liquor in the manufacture
of sea-salt. Some more is made by dissolving
ordinary good saltcake, adding a very little lime
and bleaching powder to precipitate any iron
présent, settling and running into coolers for
crystallisation. It is required in two very
différent states—viz. in very small or in large
crystals. The small aeicular crystals (' Epsom
sait fashion ') are obtained by making the solu¬
tion as strong as possible at a température of
34°C., settling, running into shallow coolers, and
stirring the solution until it has cooled down.
The larger crystals (' soda fashion ') are made
by dissolving the sulphate at 50°C., till the sp.gr.
is =1-257 (at 40°C.), settling for an hour, and
running into deep coolers (2 to 5 feet depth),
where the liquor is kept quite undisturbed. In
order to facilitate the formation of large crystals,
wooden staves or pièces of twine, weighted with
a little lead, are hung in the vats. The cooling
lasts from 5 to 20 days, according to the size of
the vats and the season, the crystals are large
(an inch and more thick),hard and shining, and
they must be dried at a température not exceed-
ing 30°, to prevent efflorescing.

The inverted process, that of dehydrating
Glauber's sait, when obtained as a cheap by-
product, is somewhat troublesome, owing to the
melting of the sait in its water of crystallisation
and the formation of hard crusts. Where at the
same time common sait, or magnésium sulphate,
or a mixture of both, are available at very small
cost (as in the working up of mother-liquors
from sea-salt), these salts may be melted with
Glauber's sait at a température of 40° or 50°C.,
when anhydrous sodium sulphate is precipitated,
and is separated from the solid substances by
centrifugal force (Péchiney, 1878).

In most cases, e.g. at Stassfurt, the process-
just described is not practicable, and it is also
said to yield sulphate containing much chloride.
It is here usual to heat a saturated solution of
Glauber's sait in an iron pan, covered by an
arch and heated from the top by the waste fire of
a reverberatory furnace which returns below the
bottom of the pan ; anhydrous or monohydrated
sodium sulphate separates out on concentration,
and is removed by fishing it out with a perforatecl
ladle, whereupon it is calcined on the hearth of
the just mentioned furnace. This process might
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evidently be oarried on very well in a Thelen's
pan.

Testing of salicake.—In current work sait-
cake is only tested for free acid and undeeom-
posed sait. The former is found by titrating
with standard soda solution, using methyl-
orange as indicator, and is generally calculated
as S03. The latter is found by adding to a
fresh sample exactly as much soda as had been
required in the first test, so that the aeid is
completely neutralised, then a little potassium
chromate as indieator, and titrating with deei-
normal silver solution. Sometimes it is required
to guarantee a maximum percentage of iron ;
this is found by reducing with zino and titrating
with potassium permanganate. For estimation
of lime, alumina, &c., and direct estimation of
Na,S04comp.Lunge and Hurter's Alkalimakers'
Handbook, p. 117.

Statistics.—The quantity of saltcake made
in the United Kingdom can be inferred from the
following statistics 1 :—

Sait decomposed by tlie Leblanc process.
In 1852 . 137,547 tons
„ 1860 . 250,000 „

„ 1871 . 352,350 „

„ 1876 . 538,600 „

„ 1877 . 552,570 „

„ 1878 . 535,154 „

„ 1879 . 575,447 „

„ 1880 . 648,587 „

In 1881
„ 1882
„ 1883
„ 1884
„ 1885
„ 1886
„ 1887
„ 1888

620,064 tons
598,833 „

602,921 „

578,874 „

591,478 „

584,323 „

577,381 „

590,312 „

In France the following quantities of sait
bave been deeomposed :—
In 1878 . 117,015 tons
„ 1880 . 125,317 „

„ 1882 . 123,911 „

In 1884 . 125,695 tons
1886 . 120,001 „

1888 . 107,020 „

In Germany :—
In 1886 . 225,067 tons I In 1888 . 207,417 tons
„ 1887 . 220,810 „ | „ 1889 . 251,450 „

Most of the saltcake produced is consumed
for the manufacture of soda ash by the Leblanc
process ; the remainder, about 80,000 to 90,000
tons per annum, is chiefly consumed by glass-
makers. G. L.

Sodium thiosulphate (hyposulphite)
Na2S203 + 5H20.

This compound was first prepared in 1799 by
Cbaussier. Small quantities of the sait may be
made by taking about 1 pound of pure, well-
dried sodium carbonate, mixing with it about
one-third its weight of flowers of sulphur, and
then heating the mixture in a poreelain basin to
the melting-point of sulphur for some time,
stirring well ail the while, so as to bring every
part in contact with the air. Oxygen is absorbed
by the sodium sulphide formed, and is converted,
with feeble incandescence, into sodium thio¬
sulphate. When cold, the mass is dissolved in
water, boiled with sulphur for some time, and
the liquid concentrated by evaporation to the
crystallising-point. A very pure product may be
thus obtained. The earthy thiosulphates are
obtained by exposing their sulphides to the oxi-
dising action of the air ; and upon this principle
dépends Losh's process, which is as follows :
The tank waste produced in alkali works is ex¬
posed to the air for a week or more, being turned
over from time to time, to bring every portion in

1 Extrade! partly from S. C. 1.1886, 412.

contact with air. The mass is then lixiviated
with water, and, the thiosulphates of sodium
and calcium being now in solution, on adding
sodium carbonate solution, the calcium is pre-
cipitated as carbonate, while the whole of the
thiosulphuric acid is converted into the sodium
sait. The solution is drawn oiï from the in¬
soluble preeipitate, concentrated by evaporation,
and the crystals of sodium thiosulphate obtained
are purified by recrystallisation. A modification
of this process, by Kopp, is as follows : The tank
waste is mixed with 10 to 15 p.c. of sulphur and
12 to 15 times its weight of water, and is then
boiled for an hour. The solution of polysul-
phide obtained is put into a closed apparatus, in
which it can be agitated, and is treated with
sulphurous aeid. The solution now contains
calcium thiosulphate, and is converted into the
sodium sait by addition of sodium sulphate.
The solution of sodium thiosulphate is drawn
oiï from the preeipitate of calcium sulphate, and
is concentrated and crystallised as before.

The préparation of sodium thiosulphate has
been carried out as follows : Strontium sulphide
—obtained by reducing strontium sulphate by
means of powdered coal—is, while still hot,
mixed with water to form a thin paste. . The
mass is boiled with sufficient caustic alkali to
convert the sulphite into sulphate. Strontium
hydrate erystallises out on cooling, and the
mother-liquor consists of solution of sodium sul¬
phide. On treating this liquor with sulphur
dioxide, sodium thiosulphate is formed, and free
sulphur deposited (S. C. I. 3, 30).

Sodium thiosulphate may also be prepared
from the spent lime of the purifiers of gas works,
which contains the calcium sait of thiosulphuric
acid as well as calcium sulphide.

The sait forms large transparent prisms, be-
longing to the monoclinic System. Its solution
is neutral to test paper ; it is without smell, has
a cooling taste, and does not change on exposure
to air. The crystals melt in their water of erys-
tallisation at 45°, ail the water being expelled
at 215° ; and at 220° tliey décomposé, with
séparation of sulphur (Pape). The sait has a
sp.gr. of 1-672, is extremely soluble in water, but
does not dissolve in alcohol. The aqueous solu¬
tion décomposés on keeping, depositing sulphur,
and is partially converted into sulphate. When
treated with sodium amalgam, it gives sodium
sulphide and sulphite :

Na,S.A + Na2 = Na2S03 + Na2S.
Uses.—Sodium thiosulphite is used by the

photographer for dissolving salts of silver. The
photographie paper and plate, after printing and
exposure in the caméra respectively, are ' fixed '
by a solution of this sait, which dissolves out
the salts of silverwhich have been left unchanged
during the exposure. The paper-maker uses it
as an 'antichlor,' to remove the last traces of
chlorine employed in bleaohing the pulp. In
oalico-printing it is used as a mordant ; alu¬
minium chloride is treated with sodium thiosul¬
phate, by which means aluminium thiosulphate
is obtained. This is thickened as usual and
printed on the fabrie, and, on exposing to a tem¬
pérature of 100°, alumina is deposited on the
cloth and dyes with rnadder, in the same way as
that from the acetate. It is used in fixing ani¬
line greens upon the fibre, and is known in the
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trade as ' green mordant.' In conjunction with
salts of copper it has been employed in the pro¬
duction of the so-called ' argentine effects,'
which dépends upon the déposition of a thin
film of copper sulphide on the fibre.

Sodium thiosulphate is employed in the sé¬
paration of iron and aluminium. A solution
containing these two metals is treated in the
cold with sodium thiosulphate ; this gives rise
to the aluminium thiosulphate, and, when
boiled, the latter is deeomposed, with évolution
of sulphur dioxide and déposition of sulphur and
alumina. By throwing the whole on a filter,
the iron, still in solution, passes through.

The property which this sait possesses of
fusing at a low température in its own water of
crystallisation and readily solidifying again on
cooling, has been utilised by ïTeck in sealing
glass tubes containing explosives to be used
under water in torpedoes.

Sodium thiosulphate is used in medicine in
cases of sarcinous vomiting, to eheek fermentation,
and as an external application in parasitic skin
diseases. It is not irritating like sulphurous aeid.

Sodium thiosulphate is used in metallurgy
to separate silver from ores containing also cop¬
per, lead, iron, zinc, nickel,'&e. The ore is first
roasted with common sait, and the chloride of
silver is dissolved out by a solution of sodium
thiosulphate (v. Silver).

It is also used in estimating the copper in
gun-metal, and is well adapted for determining
the copper in commercial varieties of the métal,
in bronze, &c., where lead or iron is not présent
in large quantity. The process dépends upon
the reaction between iodine and thiosulphuric
acid, the reaction being complété when the
iodide of starch formed is bleached. It is also
employed in the wet assay of copper. The ore
is first deeomposed with sulphuric and nitric
aeids ; the filtered liquid, after boiling, is treated
with sodium thiosulphate, which précipitâtes di-
sulphide of copper, libérâtes sulphur dioxide,
and throws down sulphur. After drying the
precipitate and burning ofï excess of sulphur,
the remainder is weighed as copper sulphide,
100 parts of the sulphide giving 79'85 parts of
copper.

Sodium thiosulphate has been proposed as a
substitute for sulphuretted hydrogen in qualita¬
tive analysis. The process consists in precipi-
tating the first group with hydrochloric acid as
usual, then precipitating lead, barium, strontium
and calcium in part as sulphates, boiling the
filtered solution with sodium thiosulphate (1 part
of the crystallised sait to 5 parts of water). This
précipitâtes copper, mereury, bismuth, arsenic,
antimony, and tin salts. The necessary condi¬
tions are that (1) the solution to be examined
must not contain much free aeid nor any nitric
acid ; (2) the thiosulphate must be added in small
quantities at a time, and not in excess (G.
Vortmann, M. 7, 418).

Sodium nitrate (cubic nitre-, Chili saltpetre)
NaN03. This important sait occurs as nitratine
in the natural and. artificial accumulations of
potassium nitrate, and in other deposits where it
has been produced similarly to that sait (v.
Potassium nitrate).

The natural occurrence of the sodium nitrate,
as distinguished from the potassium sait.

not appear to have been fully recognised until
the présent century, for it is stated in Rees'
Encyclopiedia, 1819 (art. Nitrate oe soda),
that it had not been found up to that time in a
native state, although its manurial value had
already been recognised by Lord Dundonald.

Sodium nitrate occurs in almost inexhausti-
ble quantities, and praetically free from the
potassium sait, in the province of Tarapaca in
South America, and this, with the exception of
certain deposits on the coast of Bolivia, consti-
tutes the only source from which the sait is
extracted on the large scale.

The nitrate deposits do not form beds of any
definite charaeter, but represent the outerop of
a bed of sait which appears to have been left at
the bottom and sides of ancient tidal lagoons by
the upheaval of the coast. Although the dis¬
trict is now extremely arid and only receives
rain at intervais of three years or more, there is
abundant evidence of former fertility in the large
quantities of buried trees and other végétation
which are found in the vicinity, together with
guano and fish remains, sea-shells, and other
substances of marine origin.

The nitrate may be regarded as the product
of the décomposition of this organic matter in
presence of carbonate of lime and the sait left
by the evaporation of the sea-water. This view
is borne out by the composition of the deposit,
especially by the presence of sodium iodide and
iodate and of salts of magnésium and calcium. The
nitrification appears to have occurred only at
the outerop of the sait, for the nitrate diminishes
in quantity towards the middle, and is praetically
absent at the centre of the deposit.

The main nitrate belt of Tarapaca has a
width of about 2j miles, and is ineluded between
latitudes 27° S. and 19° S. for a total length of
about 260 miles. It stretches along the eastern
slope of the coast. range of the mountains which
extend from the northern limit of Peru to the
Straits of Magellan, and which have an average
height of about 2,000 feet.

The deposit occurs some 500 or 600 feet
higher than the valley of Tamaragal, and di¬
minishes inrichness as the valley is approached,
the nitrate disappearing altogether at the bottom.
The average distance from the sea coast is about
14 miles, but some of the deposits are as far
distant as 90 miles.

The 'caliche,' as the crude nitrate is called,
is never found at any great depth. It is usually
covered to a depth of 6 or 10 feet by a erust or
' costra,' consisting of a conglomerate of por-
phyry, felspar, magnesia, sodium chloride, &c.,
cemented together by gypsum, and covered by a
layer of fine loose sand to a depth of 8 or 10
inches. The caliche proper forms a rock-like
mass from 4 to 6 feet deep, and varies in colour
from almost pure white, through shades of yel-
low, orange, brown, bluish grey, &c. The lower
part of the caliche (known as ' congelo ') contains
but little nitrate, and abounds in the chlorides
of sodium and magnésium, and in sulphates. It
lies upon a pale, yellowish-brown, loose clayfree
from nitrate, and overlying the primitive rock.

Various qualifies of caliche are worked, vary-
ing from 40 p.c. to 50 p.c. in the best quality, to
30 p.c. to 40 p.c. in the second, and 17 p.c. to
30 p.c. in the inferior kinds.
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The Tarapaea deposits were worked as early
as 1813 by the Spaniards, who exported 23,732
quintals (of 100 pounds) in that year ; but the
industry was but little developed until 1852,
when small refining works were established by
Smith and Sandes. The output then increased
to over 60,000 tons in 1860, and sinee that time
the industry has progressed continuously, until
in 1888 about 764,000 tons, and during the ten
years ending December 1888 over 4,574,000 tons,
were exported.

The method of separating the nitrate from
the ealiche consists merely of a careful system
of lixiviation. At the Offieina of Ramirez (Tara¬
paea) the ealiche is erushed roughly into 2-inch
lumps, and is boiled in long tanks heated by
steam eoils. When the liquid aequires a spécifié
gravity of 110°Tw. it is run off into crystallising
tanks, the residual ' ripios ' being washed with
a further quantity of water, which is used for
treating the next bateh of ealiche. The refuse
eontains only about 3 p.o. of nitrate. The crys-
tallised nitrate is drained, dried by the heat of
the sun, and at once packed in bags for expor¬
tation. The mother-liquors (' aqua vieja ') are
eoncentrated and treated for the séparation of
the iodine, which amounts to about 50 grms. for
100 kilos, of ealiche. The importance of this
by-product is shown by the fact that in the ten
years ending December 1888 no less than
1,588,000 kilos, of iodine was exported from the
various South American ports (v. Iodine).

The following analyses show the composition
of ealiche and Chili saltpetre : (1) Shows the
composition of one of the largely-worked deposits
(Forbes, Phil. Mag. 32 (1866), 135) ; (2) shows
the composition of that worked at the Offieina
Ramirez (Harvey, Proc. Inst. C.B. S2 (1885),
337) ; and (3) and (4) are analyses of the better
and inferior qualifies of nitrate sold for agricul-
tural purposes (Macadam, S. C. I. 1888, 96)

- (D (2) (3) (4)

Sodium nitrate . 21-01 51 98-44 94-23
Sodium chloride 55-27 26 0-14 4-54
Sodium sulphate 4-74 6 — 0-13
Calcium chloride 0-33 — — —

Potassium iodide 0-87 — — —

Aluminium
sulphate. . . . 9-81 — — —

Magnésium
sulphate.... 5-93 3 — —

Insoluble matter 2-04 14 0-04 0-15
Moisture — — 1-38 0-95

100-00 100 100-00 100-00

Further information on these deposits will be
found in the works of Sturzer (Nitrate of Soda,
1887 ; edited by Wagner) and Billinghurst (Estu-
dio sobre la Geografia de Tarapaea, and Chem.
Zeit. 11,752), and in the various Consular reports
to the British and United States Governments.

Sodium nitrate is obtained when sodium car¬

bonate or hydrate is dissolved in nitric acid, or
when common sait is boiled with that acid. On
the large scale, however, it is always obtained
from the natural product by repeated crystalli-
sation. The last traces of chloride are best re-

Vol. III.—T

moved by adding a small quantity of nitric acid
to the boiling saturated solution of the sait, and
recrystallising.

The crude nitrate is a pale-grey or yellowish-
white sait, usually containing 94 to 98 p.e. of
nitrate, from 0T to over 4 p.c. of sodium
chloride, and from 0-6 to over 2 p.c. of moisture.

The pure sait forms transparent, colourless,
anhydrous rhombohedra, whose angles closely
approximate to right angles, whence its name
' cubic nitre.' It fuses at 316° (Carnelley, C. J.
33, 276); at higher températures —lower than
that at which potassium nitrate décomposés—it
evolves oxygen with production of the nitrite,
and on further heating it gives off nitrogen and
nitrous fumes, leaving a residue of sodium mon-
oxide and peroxide. The sait as usually ob¬
tained is hygroscopic ; but, according to Gentele
(D. P. J. 118, 203), this is due to the presence of
the nitrates and ehlorides of calcium and mag¬
nésium, and is not observable in the pure sait.

According to Ditte (C. R. 80, 1164) 100 parts
of water dissolve the following proportions of the
sait:—

At 0° 66-69 At 18° 83-62
2° 70-97 21° 85-73
4° 71-04 26° 90-33
8° 75-65 29° 92-93

10° 76-31 36° 99-39
13° 79-00 51° 113-63
15° 80-60 68° 125-07

When saturated at 0° the solution may be cooled
to —15-7° without crystallisation ; but at that
température the sait separates out in fine
laminated plates built up of fine needles lying
side by side. A hydrate of the composition
NaN03.7H20 appears to exist (Ditte, l.c.).

Sodium nitrate dissolves in glycerin, but is
almost insoluble in absolute alcohol ; 100 parts
of alcohol of 16'4 p.c. dissolve 21-25 parts of the
sait (Pohl, Sitz. B. 6, 600).

It is used for many of the purposes for which
the potassium sait is employed ; but its hygro¬
scopic nature renders it inapplicable for the
manufacture of gunpowder or fireworks, &o. Eor
the making of nitric acid, for supplying that acid
in the sulphuric acid manufacture, and as a
manure, it has, however, entirely replaced potas¬
sium nitrate. It is also the principal source of
that sait, which is obtained from it by double
décomposition with the potassium chloride of
Stassfurt.

Sodium hypophosphite NaH2P02 may be pre-
pared by boiling aqueous or alcoholic soda with
phosphorus until évolution of phosphoretted
hydrogen ceases

(6NaHO + 2P4 + 6H20 = 6NaHJP02 + 2PH,).
The solution is poured off, treated with sodium
bicarbonate to convert any unchanged soda into
carbonate, and is evaporated and treated with
absolute alcohol, which dissolves the hypophos¬
phite only. The sait crystallises out on cooling.

For pharmaceutical purposes it is usually
prepared by double décomposition between solu¬
tions of sodium carbonate and calcium or barium

hypophosphite (v. Phosphobus oxides and Oxx-
acids). The filtered solution is evaporated on
the water-bath with fréquent stirring as the
mass becomes syrupy, in order to obtain a granu-
lar sait. To obtain the sait free from phosphite,
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Boymond (Pli. [3] 10, 407) treats 25 grms. of the
commercial sait with 1 grm. of barium hypo¬
phosphite in solution, and dilutes to 50 c.c., add-
ing 200 c.c. of strong alcohol after a time. The
liquid is settled and filtered from the precipitated
barium phospbite and hypophosphite, and the
last traces of barium having been removed by
careful addition of sodium nitrate, is filtered
and mixed with 500 c.c. of strong alcohol and a
sufficiency of ether. The pure hypophosphite
which separates is dried in a current of air.

Sodium hypophosphite crystallises in small,
pearly, rectangular, very déliquescent plates con-
taining one molecule of water of crystallisation.
It dissolves at 15° in 1 part of water, and at
100° in 0-12 parts. It is also soluble in alcohol.
The aqueous solution absorbs oxygen from the
air with formation of phosphite (Wurtz, A. Ch.
[3] 7, 37).

When heated to 200° the crystals become
anhydrous, and on further heating become cou¬
verte! into metaphosphate and pyrophosphate,
with évolution of hydrogen and spontaneously
inflammable phosphoretted hydrogen :

5NaH,P02 = Na4P207 + NaPOs + 2PH3 + 2H2.
It explodes when triturated or heated with an
oxidising agent, and has been known to explode
during evaporation on the water-bath (Am. J.
Pharm. 1860, 87).

Sodium hypophosphite is a powerf ul reducing
agent, and précipitâtes gold and silver from
solution. It is used medicinally.

Sodium phosphates. A considérable number
of these salts belonging to the three classes
ortho-,pyro-,and meta-phosphates, togetherwith
a large sériés of double salts, are known. The
three classes of salts may be distinguished by
tbeir behaviour with silver nitrate and albumen.
The orthophosphates give a yellow precipitate
with the former, while the pyro- and meta- phos¬
phates give a white precipitate ; and the meta¬
phosphate gives an abundant precipitate with
albumen, while the others give none.

Our knowledge of the various sodium phos¬
phates is largely due to Graham (T. 1833,
253-284). The metaphosphates have been par-
ticularly examined by Maddrell (C. S. Mem. 3,
373).

Several highly-complicated phosphates not
belonging to either of these classes are also
known. Thus Fleitmann and Hanneberg (A. 65,
304-334) have obtained peculiar phosphates, one
of which has the composition Na8P40ls, by fusing
tetra-sodium pyrophosphate with sodium mono-
metaphosphate, and Filhol and Senderens (C. E.
93, 388) have obtained a phosphate of the com¬
position (NaH0)3(P205)2H,0 by adding soda to a
solution of orthophosphoric acid until neutral to
colour tests.

Three orthophosphates, respectively contain-
ing one, two, and three atoms of sodium in the
molecule, are known.

Trisodium orthophosphate Na3PO., is ob¬
tained by adding excess of caustic soda to hydro¬
gen sodium phosphate, and crystallising to re-
move the free alkali. It may also be prepared
by fusing hydrogen disodium phosphate with ex¬
cess of soda and dissolving and crystallising.
It crystallises in non-efflorescent six-sided
prisms of the composition Na3P04.12H20. Ac-
cording to Mohr (Am. S. [3] 14,281), their sp. gr.

at 17-5° is 2-5362. They fuse at about 77° ; at
100° they lose eleven molécules, but they retain
the last until the heat approaches redness.

Hydrogen disodium phosphate Na,HP04
occurs in urine, and was at one time prepared
from it under the name sal mirabile perlatum.
It may be prepared by adding sodium carbonate
to phosphoric acid until alkaline, and filtering,
concentrating, and crystallising the solution.

It is usually prepared from the acid calcium
phosphate made by the action of sulphuric acid
on bone ash. For this purpose the hot solution
is treated with sodium carbonate until effer¬
vescence ceases, and the hydrogen sodium phos¬
phate thus produced is filtered from the preci¬
pitated tricalcium phosphate, and is coneentrated
and erystallised.

The sait crystallises in large, colourless,
transparent monoclinic prisms of the composi¬
tion Na2HP04.12H20. They soon effioresce, and
become opaque on exposure to the air.

They melt at 35° (Tilden, C. J. 45, 268), and
have a sp. gr. of 1-5235 at 15° (Stolba, J.Ph. 97,
503). When dried over sulphuric acid, or heated
for some time to 45°, they become anhydrous.

According to Poggiale (J. Ph. [3] 44,273), 100
parts of water dissolve the following amounts-
of the anhydrous sait —

0° 1-55 60° 55-29
10° 4-10 70° 68-72
20° 11-08 80° 81-29
30° 19-95 90° 95-02
40° 30-88 100° 108-20
50° 43-31 106-2° 114-43

The solution possesses a slightly alkaline re¬
action. When evaporated at 33°, it deposits
monoclinic crystals of the composition

Na2HP0.17H20.
Hydrogen disodium phosphate is used in certain
photographie toning solutions, and to some ex-
tent in calico printing.

Dihydric sodium phosphate H2NaP04 is ob¬
tained by adding phosphoric acid to a solution
of hydrogen disodium phosphate until the solu¬
tion ceases to precipitate barium chloride.

The sait crystallises in large trimetric crystals,
of which two forms occur, each containing 4
molécules of water. It becomes anhydrous at
100°, and melts at about 204°. Many double-
orthophosphates containing sodium are known.
Among them may be mentioned mierocosmic
sait HNaNH4P044H20 ; sodium diammonium
phosphate Na(NH4)2P044H20 (Melsmann, Ar.
Ph. [2] 99, 138 ; Filhol a. Senderens, B. C. 1882,
641), and double phosphates of sodium and
potassium (Filhol a. Senderens, l.c.), and of
sodium and barium (De Schulten, C. E. 96, 706).

Hydrogen sodium ammonium phosphate
HNaNH4P044PI20 occurs in urine and was well
known as mierocosmic sait, fusible sait of urine,
or essential sait of urine, to the alchemists who
used it as a source of phosphorus (v. Margraff,
Miscellanea Berolinensia, 7, 341). It occurs as
stercorite in guano (Herapath, C. J. 2, 70).

It is obtained by mixing solutions of 5 parts
of hydrogen disodium phosphate and 2 parts of
ammonium phosphate, or by mixing strong solu¬
tions of 6 or 7 parts of the sodium sait and 1
part of ammonium chloride :

Ea2HP04 + NH.Cl = Na(NH4)HP04 + NaCl.
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It is re-crystallised from a solution containing a
little ammonia, and is thus obtained free from
sodium chloride.

Microeosmic sait crystallises in monoclinic
prisms of sp. gr. 1-554 (Scliiiï, A. 112,88). They
effloresce slightly in dry air, and possess a saline,
eooling taste. They are soluble in about 6 parts
of cold and 1 part of hot water, but are insoluble
in alcohol. The aqueous solution is alkaline,
and evolves a part of its ammonia on evaporation.

When heated it melts and evolves water and
ammonia, leaving sodium dihydrogen phosphate,
from which tlie metapkosphate is obtained on
further heating. The solvent action of the
latter sait on many metallic oxides, and the
characteristic colours obtained, has caused
microeosmic sait to be largely used in blowpipe
analysis.

Sodium pyrophosphates. Several of these salts
are known. The normal pyrophosphate Na.,P„0,
is obtained as an anhydrous glass by heating
hydrogen disodium phosphate to about 240°.
It crystallises from water in monoclinic alka¬
line crystals of the composition Na4P2O,.10H2O.
They have a sp. gr. of 1-7726 at 21° (Mohr, Am.
S. [3] 14, 281) and melt at about 888° (Carnelley,
C. J. 33, 278). When dried m vacuo over sul-
phuric acid, the sait becomes anhydrous, and
hasthen a sp. gr. of 2-373 at 17° (Mohr, l.c.).

The aqueous solution is converted into the
orthophosphate by boiling in presence of an acid,
even acetic or phosphoric acid determining the
change (Stromeyer, S. 58, 130 and 132). On
acoount of the ease of its préparation it is used to
préparé the soluble double pyrophosphates and
the insoluble pyrophosphates. It is sometimes
used medicinally instead of the orthophosphate.

Tlw disodiumpyrophosphate Na2H2P20; is ob¬
tained by heating dihydrogen sodium orthophos¬
phate to 200°: 2H2NaP04 = H,Na2P207 + H20,
or by dissolving the tetrasodium pyrophosphate
in acetic acid and adding alcohol, which pré¬
cipitâtes it as a white, crystalline powder. It is
readily soluble in water, and possesses an alka¬
line reaction. Several double pyrophosphates
containing sodium with potassium, ammonium,
calcium, barium, magnésium, and other metals
are known (v. Pohl, B. 6, 1465).

Sodium metaphosphates. These bodies form
an interesting class, no less than five sériés of
them having been shown to exist. They may be
regarded as salts of polyrneric or condensed
metaphosphoric acids, and are respectively
known as mono-, di-, tri-, tetra-, and hexa-
metaphosphates. They are ail soluble except
the monometaphosphate, and have the following
composition 1. NaPO., ; 2. Na,P206.2H.,0;
3. Na3P3O0.6H2O ; 4. Na4P4012.4H2O ; 5. Na^O,,,
(v. Maddrell, C. S. Mem. 3, 373 ; Graham, Phil.
Trans. 1833, 253 ; Fleitmann, P. 78, 246 and
361 ; Fleitmann a. Hanneberg,A. 65, 304-334;
Jarsein a. Thillot, B. 22, 654 ; Hautefeuille a.
Margottel, C. B. 96, 849).

According to Tamman, there are three dif¬
férent insoluble sodium metaphosphates, and
the sait hitkerto called the di-metaphosphate
has the composition Na3P3O0, and that known
as the trimetaphosphate the composition
Na2P.,Os.

Sodium carbonate (Carbonate of soda) (in¬
clusive of bicarbonate and of caustic soda).

Natural occurrence oftlie sodium carbonates.
The sodium carbonates are found in many
minerai waters (especially those of Aix-la-
Chapelle, Karlsbad, and Vichy), in the ' natron
lakes' of Hungary, Egypt, Central Africa, the
Caucasian steppes, and in those of North and
South America ; also as efflorescences in such
steppes, especially in the neighbourhood of
natron lakes. These efflorescences or crusts are

formed either by the partial or entire drying up
in summer of such lakes or ponds, or else by the
evaporation of subsoil moisture, more moisture
(containing soda) being always brought to the
surface by capillary action. The soda thus ob¬
tained in various places is known by the names
natron, trôna, or urao.' ' Urao,' according to
Chatard (Bulletin No. 60, U.S. Geological Sur-
vey, 1887-1888),is essentially a carbonate of the
formula Na2C0.3,NaHC03,2H20, and is the most
usual form of ' natural soda.'

The oldest-known occurrence of natural soda
is that in Lower Egypt, where the natron lakes
dry up in summer, leaving crusts of sait behind ;
in other places the ' trôna ' appears as efflor¬
escences on the ground, consisting essentially of
sodium sesquicarbonate, according to former
assumptions, or rather, according to Chatard, of
'
urao ' mixed with other carbonates. Several

thousands of tons of this article are yearly
exported from Alexandria, principally for soap-
making. We omit the occurrence of natural
soda in many other localities, where it is of no
great technical importance, but we must men¬
tion the enormous quantities of soda found in
the lakes and steppes of the ' Alkali Plain ' and
other parts of the great desert east and west of
the Bocky Mountains. One of the most con¬
sidérable of these occurrences is in Owen's Lake,
in California, which, according to Chatard, con-
tains per litre :

26-96 grms. Na2C03
5-71 „ NaHC03

11-08 „ Na,S04
29-41 „ NaCl

3-14 „ KC1
with a little silica, alumina, calcium, magnésium,
and boric acid. This lake contains from twenty
to forty millions of tons of carbonate of soda,
which is easily obtained in an almost pure state
by solar evaporation in shallow ponds, and it is
perhaps destined to be one of the great sources
of soda for the world. Other large deposits of
alkali are found in Wyoming and Nevada; but
these contain too much sulphate, and are not
easily worked for sodium carbonate.

Soda from the ashes ofplants. Whilst most
land plants contain in the soluble part of their
ashes chiefly potassium carbonate and other
potassium salts, there exist some ' soda plants,'
growing on the sea-shore or near salt-springs,
whose ashes furnish a very impure kind of
soda, formerly very much used by soap-makers.
Most of these plants belong to the family
Atriplicece—namely, the généra Atripiex, Cheno-
podium, Salsola, Salicornia, Koehia, &o. The
plants growing in the sea itself, especially fucus,
yield another kind of ashes, called ' kelp ' in
Scotland and ' varec ' in Normandy, containing

1 Comp. Lunge's Manufacture of Sulphurio Acid and
Alkali, ii. 287-291.
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very little sodium carbonate, but a large quantity
of potassium chloride and sulphate, along with
a little iodate, which forinerly was the only
available source of iodine; in manufaeturing this,
' kelp sait '—that is, sodium chloride containing
some carbonate—was obtained as a by-product.
The ashes from the real soda plants growing in
Spain bear the commercial name ' barilla ' ;
those from the south of France go by the names
of ' blanquette,' ' salicor,' ' soude douce,' &c. The
général name of these products is vegetable soda,
but frequently barilla is used in the same sense.

Vegetable soda, being simply fluxed ashes
not purified by lixiviation, contains a large pro¬
portion of residue insoluble in water; the portion
soluble in water contains sodium and potassium
carbonate, sulphate, and chloride, along with
small quantities of sulphides and thiosulphates
formed by réduction from the sulpkates ; it is,
moreover, frequently adulterated with a large
quantity of common sait. In the analyses by
Girardin, the proportion of sodium carbonate
varies from 2 to 13'76 per cent. (Lunge, 2, 295).

In 1837 there were still 12,000 tons of barilla
imported from Spain into England, in 1862 only
1,262 tons. Aproduct of so little intrinsic value
and of so variable a composition could not hold
its ground, let it be ever so small, except owing to
the ignorance and préjudices of some consumers.

Artifieial soda.
Historical.' Only whenDuhamel, in 1736, had

demonstrated the identity of the base of common
sait with that of ' minerai alkali,' as the natural
soda then was called, was it possible to think of
manufaeturing soda artificially. But the pro-
blem was not actually approached till about 1775,
when Seheele discovered that common sait could
be partly converted into caustic soda by means
of lead oxide. In the same year the French
Academy of Science offered a prize for the solu¬
tion of the problem of economically converting
common sait into soda ; and this was a stimulus
to many inventors, only one of whom, Nicolas
Leblanc, ultimately proved successful. His first
experiments are said to have been made as far
back as 1784 ; in 1789 his process was so far
completed that he was able to submit it to the
Duke of Orléans (whose domestic physician he
was) in order to obtainthe capital for carrying it
out on a manufaeturing scale. This led to several
agreements in 1790, and, in 1791, to a patent
which practically embodies ail the principles of
the Leblanc process as earried out to-day. About
that time manufaeturing opérations were com-
menced at La Franciade, at St. Denis ; but on
the exécution of the Duke of Orléans, in Novem-
ber, 1793, these works were closed, and in 1794
a decree of the Committee of Salut Public com-

pelled Leblanc to give up his patent ' for the
benefit of his country.' In spite of his réclama¬
tions, only the misérable sum of 600 fcs. was
aWarded to him as indemnifieation for his losses.
In 1801 the works were given back to him, but
he had no capital to start them with, so that he
could not even compete with those works which
had been in the meantime ereeted elsewhere,
espeeially at Marseilles, in order to profit by
Leblanc's invention. A committee, appointed
to report upon his claims, ultimately, in 1806,
made an award, but the sum was so small that

1 Comp. Lunge's Alkali, ii. 296-308.

Leblanc, in his despair, put an end to his lifo.
That small sum was not even paid to his family.1

Even before Leblanc fell a victim to the
ingratitude of his countrymen, and in the next
succeeding years several alkali works employing
his invention were founded in France in the
same loealities where that manufacture still
flourishes. In England the first attempts at
manufaeturing artifieial soda were made by
W. S. Losh, at Walker, near Newcastle-on-
Tyne, in 1806 ; the Leblanc process was tried
there on a very small scale in 1814, and at
St. Bollox in 1818. The enormous sait duty
levied in England (30Z. per ton) at that time
practically prevented the establishment of
alkali works. Immediately after its abolition in
1823 James Muspratt started his works near
Liverpool, which for six years remained the only
one in England, except a few small works on the
Tyne. The small quantity of black ash then
made in France and England contained only
about 10 or 12 p.c. of alkali ; Muspratt, however,
from the first succeeded in making it of a
strength of 24 p.c. of alkali, and in this form it
was sold to the Liverpool soap makers to be
used in lieu of kelp.2 It was found when this
black ash was exported that it quickly lost
strength, and this led to the manufacture of
sodium carbonate by lixiviation, evaporation of
the liquor, and calcination of the residue.

Since that time the manufacture of soda-ash
in England has principally developed itself in
South Lancashire and on the banks of the Tyne ;
minor centres existing near Glasgow, and near
Birmingham, &e. In these the Leblanc process
has received a great many improvements, and it
may be said that until the last ten or fifteen
years or thereabouts England has stood at the
head of this industry, not merely as far as the
quantity of the article produced is concerned,
but also with regard to its quality, and, to a
great extent, to the perfection of the processes.
In these latter respects, however, the French,
and perhaps still more the German and Aus-
trian, alkali manufacturera have recently also
been prominent, and have introduced many im¬
portant improvements in the Leblanc process.
Still it cannot be doubted that the Leblanc pro¬
cess, a French invention, has been principally
developed in England, while the ammonia pro¬
cess, an English invention, was first brought to
a successful issue in Belgium and France.

The great drawback of the Leblanc process
is the loss of ail the sulphur introduced into it,
most of which passes into the extremely objec-
tionable form of ' tank waste,' and thus causes a

great nuisance. This has induced very many
inventors to make attempts at supplanting the
Leblanc process by other processes. But for a
long time none of these prospered, and the Le¬
blanc process was the only one practically em-
ployed on a large scale. The manufacture of
soda from cryolite, first started at Copenhagen
on a very small scale in 1857, and afterwards
principally earried on at Natrona near Pittsburg,
in North America, from the necessity of the
case was never a serious compétition to the

1 Report of the Committee of the French Academy,
May 31,1856, and espeeially ' Nicolas Leblanc,' par Aug.
Anastasi, Paris, 1884.

* E. K. Muspratt, S. C. 1. 1886,408.
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Leblanc process. This process has, however,
been supplantée! to a great extent, and its very
existence is now seriously threatened, by the
ammonia-soda process, first invented by Dyar
and Hemming, in 1888, who have practically
laid down ail its cliemical principles. Although
this process from the first roused a great deal of
attention, and led to very numerous and par-
tially very energetically pursued attempts on a
manufacturing scale, in England, France, Ger-
many, and Austria, it was reserved to Solvay, in
Belgium, to introduce such mechanical improve-
ments in this process that it became economi-
cally a rival to the Leblanc process, winch it
would indeed have entirely supplanted some
time ago if the ammonia process permitted
hydrochloric acid to be obtained as easily and
cheaply as the Leblanc process. Solvay's works
at Couillet, near Brussels, were started in 1863 ;
but his principal impr'ovements were made in
1872, and only then the ammonia process took
its présent rank.
Général Remarks on the Manufacture of Soda.

The only raw material, ofïered by nature in
inexhaustible abundance for the manufacture of
both sodium and chlorine compounds, is sodium
chloride, which, as rock-sait, forms whole geo-
logical strata, and which can be obtained very
cheaply both from sea-water and from many

< brille springs. Ail other raw materials are of
very little importance for that purpose ; those
which possibly contain as abundant a supply
of sodium—namely, soda-felspar and certain
other silicates—are decidedly not fit for the
economical extraction of soda. As a source of
chlorine, the magnésium chloride, produced in
enormous quantities as an almost worthless by-
product of the Strassfurt potash industry, is as
yet only a future rival of sodium chloride, and
is, in any case, only indirectly concerned in this
question, in so far as it may influence the
economical aspects of some soda processes.

In sodium chloride, Na and Cl are held to-
gether by a great force, represented by the
number of thermal units produced in their com-
bination—namely, 97,690 gram-units for one
gram-molecule of NaCl( = 58'5), or 195,380 gram-
units for 2NaCl. Now, the corresponding figure
for NaOH is only 102,030, and from this we may
conclude that it is not possible to directly obtain
NaOH from 2NaCl by mere heat, orin any other
simple way, since we find it always very difficult
to convert heat into latent (potential) chemical
energy, whilst it is easy to convert such energy
into heat, as is done in combustion and in
many other chemical reactions. As a rule,
chemical change can only take place if the
thermal units represented by the formation of
the new compound or compounds are superior
to those of the original compound or com¬
pounds. In order to bring about changes of an
inverse order, such as that which concerna us
here, we have practically only two means at
our command: either the employment of a
physical force more potent than heat in over-
coming the latent chemical energy—that is,
electricity—or else, turning the difficulty by first
applying some intermediate reaction which con-
verts the original compound into one more easily
split up by chemical means, aided by a proper

température. This nécessitâtes the employment
of auxiliary substances, which sometimes are and
sometimes are not recovered in the later stages
of the process ; sometimes new products are
formed which contain one of the constituents,
either of the original substance or of the auxiliary
bodies in such a form that it seems, and fre-
quently for a time actually is, economically im¬
possible to recover the same. In every case
such an indirect process entails a large expendi-
ture of heat ; for whenever the successive re¬
actions are made alternately at higher and lower
températures, the heat employed or given off in
the first stage is nearly always entirely, or at
least partially, lost before proceeding to the
second stage.

For our présent purpose, we shall pursue the
course taken in converting sodium chloride into
the commercial products : sodium carbonate (or
hydrate) and chlorine (in the shape of bleaching
powder, &c.). This can be done by the electric
current, and at some future period this may
become economically possible, but that object,
although incessantly pursued, has not yet bèeu
practically achieved. It can also be done by the
Leblanc process, proceeding as follows. An
auxiliary substance, found in nature, and pos-
sessing a great store of chemical energy, is
brought in—namely sulphur, in the shape of
brimstone or pyrites. This is first converted
into a compound, still possessing very much
chemical energy—viz. sulphuric acid. Since
the thermal units required to produce Na„SO.,
(31,380) are superior to those required for 2NaCl
(27,480), it is easy to effect the reaction:

2NaCl + H2S04 = 2HC1 + Na2SOr
The hydrochloric acid formed is itself a very

useful product, but it would not nearly be
utilised to the full extent in which it is produced
in the Leblanc process if we did not bring in a
further supply of chemical energy, in the shape
of the active oxygen of Mn02, which splits
off free chlorine. In what way it is possible to
recover the MnO„, or to replace it entirely by
other agencies, is shown in the article Chlorine.
Here we must pursue the Na2S04. This can be
reduced by earbon to Na2S, which is certainly
an ' endothermic ' reaction, but ean be carried
out by the application of external heat. Na2S is
a compound capable of easily combining, for
instance with oxygen, and otherwise exhibiting
great mobility. Its sulphur can be easily re-
placed by the radicle of carbonic acid, either by
directly bringing it into contact with the latter
(that is, C02 + H20), or by heating it with calcium
carbonate, which is another auxiliary substance
taken from the great storehouse of nature. We
shall see further on that both sulphur and cal¬
cium carbonate can be recovered to a great ex¬
tent, so that ultimately the splitting up of sodium
chloride into soda and chlorine is almost entirely
a question of the expenditure of fuel ; but this
has not been fully achieved until quite reeently.

The only other successful process for manu¬
facturing soda from sodium chloride is one which
equally opérâtes with an auxiliary substance—
viz. ammonia. In this case the chain of re¬

actions theoretically permits the whole, prac¬
tically nearly ail, of the ammonia to be re¬
covered. But this favourable resuit is weighted
with the drawback that the chlorine ultimately
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appears in the shape o£ calcium chloride, from
which it can be set free only by other round-
about processes, too costly to compete with the
simple way of preparing it from the hydro-
chloric acid obtained in the Leblanc process. In
any case a very large amount of chemical energy,
in the shape of coal, is required for that purpose.

Without entering into similar détail with
other processes for splitting up NaCl, we may
take it for certain that they must ail make a
sacrifice of chemical energy, and employ some
intermediate body. They have ail failed, either
beeause the auxiliary substances employed could
not be entirely recovered, or beeause that re-
covery was too expensive. In the following
synopsis we do not aim at absolute eompleteness,
but we shall mention ail the more important
proposais for manufacturing sodium carbonate
or hydrate, whether actually carried out on a
manufacturing scale or not.

Endjieeation of Peooesses Peoposed foe

Manufactueing Soda.1

A. From common sait without converting it into
sodium sulpliate.

Potash was used in the infancy of the manu¬
facture of soda by Bergmann, Hahnemann,
Losh, and others, at a time when the former
alkali was less valuable than the latter, the re¬
action being K2COs + 2NaCl = 2KC1 + Na2C03.

Lime slightly décomposés common sait, as
first noticed by Seheele. In 1782 Guyton de
Morveau and Carny obtained a Prench patent
for this process, whieh they actually worked for
some time, of course with very little success.

Lead oxide. Seheele, in 1773, noticed that
common sait is (partially) decomposed by lead
oxide, caustic soda and lead oxychloride being
formed :

2NaCl + 2PbO + H„0 = 2NaOH + PbO.PbCL..
This process was at first considered one of

the most favourable for the manufacturing of
soda, and was worked both in Prance and Eng-
land, where many patents were taken for it. It
was the process first employed by Losh at
Walker-on-Tyne, at the same works where also
one of the most recent patents belonging to this
class, Bachet's, reeeived a serious trial in 1870,
but with hardly more success than formerly.
The incompleteness of the. reaction is the prin¬
cipal obstacle to this process. A new patent
for it is Knab's (Eng. Pat. No. 3,082, of 1877).
The Société Anonyme Lorraine Industrielle
(Germ. Pat. 23,791) separates the caustic from
the lead oxide by alcohol.

Bomiquières (Eng. Pat. 14,977, 1888) dis¬
solves finely-divided lead in caustic soda by
means of a current of air. The solution of
Na2Pb02thus obtained is treatedwith NaCl, and
thus two molécules of NaOII for each molecule
previously employed are formed, PbCl2 being
precipitated.

Magnesia has been patented by W. Weldon
(March 1, 1866) for the following reaction :
2NaCl + MgC03 + C02 + ELO = 2NaHC03 + MgCL,.
The inventor expected to obtain ail the soda as
bi-carbonate, and to décomposé the MgCl2 into
MgO and HC1. It is hardly necessary to point
out that both of these reactions are far too in-

1 Comp. Lunge's Alkali Manufacture, ii. p. 309 et
seq.

complété for practieal use ; recently the same
process has been taken up by Engel for manu¬
facturing potash from KC1, with rather more,
but still not sullicient, success.

Sulphide of iron is used by Beynaud (Eng.
Pat. 14,483, 1890), who beats it with NaCl, with
the production of ehlorine, sodium sulphate, and
ferrie oxide. This residue is mixed with coal
and heated, producing a ferro-sodium-sulphide,
which is treated by Blythe and Kopp's process
(see below).

Oxalic acid and oxalates of ammonium and
magnésium have been employed by various in-
ventors. Their action is based on the slight
solubility of the monosodium oxalate. The
oxalic acid might, of course, be recovered. None
of these agents seem ever to have been tried on
a large scale.

Hydrofluoric acid was proposed by Weldon
(in 1866), and

Hydrofluosilicic acid by many inventors,
these acids forming very slightly soluble sodium
salts. A factory, working on a patent by Kareher
and Tessié du Motay, existed for some years up
to 1870, near Saargemûnd, and the process seems
to have given better results than might have
been anticipated ; but the various reactions on
which it is based are too incomplète for practieal
use. A Prench patent by Lefranc and Vivien
(No. 208,878) describes the manufacture of
hydrofluosilicic acid.

Calcium fluoride is employed by Brochon
(Prench Pat. 208,754).

Alumina décomposés sodium chloride, in the
presence of steam, at a very high température ;
this was utilised by Tilghman in 1847, and it
has been taken up more vigorously since the
discovery of native alumina in the minerai
bauxite. Of course, sodium aluminate is formed,
and is decomposed as in the manufacture of
soda from cryolite (see below). But the tem¬
pérature required for the above-mentioned dé¬
composition is too high, and the vessels employed
cannot be made to last. On this account the
attempts of Gossage (1862), of Griineberg and
Vorster (1876), and of Lieber (1878) have had
no practieal results.

Clay, common sait, and water are employed
by Kayser, Williams, and Young (Eng. Pat.
11,492, 1887). The mixture of these materials
is moulded into bricks, and is heated in a current
of superheated steam, when hydrochloric acid is
given off. The insoluble compound remaining
behind is crushed, and is fused with more soda,
which produees an easily soluble compound,
from which soda is to be extracted (!).

Silica and steam were employed as early as
1809 for decomposing common sait by Gay-
Lussac and Thénard. This reaction was after-
wards tried on a practieal scale by Blanc and
Bazille (1840), Fritzsche (1858) and others,
especially by Gossage (1862), who brought
sodium chloride in the state of vapour, along
with steam, into contact with intensely heated
quartz. The sodium silicate formed runs down
in a fluid state. It is either used as such, or
converted by CaO into NaOH, or by C02 into
Na2C03. This process was worked for some
time, but the décomposition was too incomplète,
the HC1 was too difficult to condense, and the
apparatus could not resist the intense heat.
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Chromium oxide and steam lias been patented
by Swindells (1851), and Kessler (1867), but tlie
reaction is quite incomplète. The process o£
Hargreaves and Eobinson (1872), founded upon
tke employment of alkaline chromâtes, bas not
been any more successful.

Boric acid and steam have been patented by
Margueritte (1855) ; boric acid alone by Garro-
way (Eng. Pat. 17,395, 1889).

Trimethylamine has been patented by Ortlieb
and Miiller, but evidently merely for tlie décom¬
position of potassium chloride.

Ammonium carbonate is the only substance
by winch common sait can be direetly converted
into soda with practical advantage. This pro¬
cess, first patented by Dyar and Hemming, in
1838, will be described at length further on.

Steam alone décomposés NaCl at a very high
heat, and this reaction has been the subject of
many patents, but unfortunately the reaction
NaCl + H20 = NaOH + HCl proceeds only a very
little way, otherwise this would be undoubtedly
the simplest ivay of decomposing NaCl. It is,
however, very unlikely that external heat alone
can supply the energy required for bringing
about the above reaction, which is strongly
endothermie.

Sulphuric acid and coal, mixed with common
sait, are supposed to produce soda (Bobinson,
Eng. Pat. 10,080 of 1884).

Barium or strontium sulphate are to be
ignited with common sait in a current of super-
heated steam. This is supposed to produce
caustic soda and hydrochloric acid (Bolton, Eng.
Pat. 14,866, of 1884).

Magnésium sulphate (kieserite) is heated
with sodium chloride and silica or clay in a cur¬
rent of air to 500° or 700°C. Chlorine is given
off ; sodium sulphate and magnesia remain be-
liind (Townsend, Germ. Pat. 10,641).

The galvanic current has been employed for
manufacturing soda and chlorine, in 1872 by
Eaure, in 1874 by Richardson and Grey, and by
manyotherinventors. It can certainly efîeet the
décomposition of common sait, but the action is
a very slow one, and the cost of generating the
current has hitherto been far greater than the
cost of manufacturing soda in the ordinary way.
If this cost could be very much reduced, by
diminishing the great losses of energy in con-
verting heat into electricity and the latter into
chemical force, or if, in lieu of heat, very much
cheaper sources of power could in future be em¬
ployed to generate electricity, such processes
would undoubtedly have a great chance of suc-
cess. Patents for decomposing sait by electricity
have been again taken out during the last few
years by Wastchuk and Glouchoff (Germ. Pat.
10,039), Wollheim (Germ. Pat. 16,126), Spenee
and Watt (Eng. Pat. 1,630,1882), Kôpfner (Eng.
Pat. 6,736, 1884), Marx (Germ. Pat. 46,318 and
57,670), Spilker and Lôwe (Germ. Pat. 47,592,
49,627, and 55,172 ; Eng. Pat. 13,306, 1888),
Parker and Eobinson (Eng. Pat. 14,199, 1888),
Greenwood (Eng. Pat. 14,239, 1888; 18,990,
1890; 2,019,1891), Richardson (Eng. Pat. 2,296,
1890), Nahnsen (Eng. Pat. 11,699, 1890).1

1 Corap. also the researches of Lidoff and Tichriomiroff
(C. C. 13, 747), Naudin and Bidet (Ber. 16, 2278), Hempel
(Ber. 22, 2475).

Soda, ekom Sodium Sulphate.

Without converting it into Sulphide.
By means of lime. In 1789 Delius proposed

this agent, and many other chemists followed
him ; in 1865 Hunter added the action of pressure.
But the change isextremelyimperfect, as proved
by Hill (C. N. 27, 165), and experiments made
by the author have confirmed this.1

Caustic baryta easily and completely décom¬
posés sodium sulphate, but it is and always will
be much too dear for practical use, in spite of
several patents having been taken out for this
process.

Caustic strontia was proposed for a very in-
genious round of reactions by Ungerer (D. P. J.
188, 140). But as this process is very eompli-
cated, and includes the intervention of ammonia,
it is far simpler and cheaper to employ Dyar
and Hemming's process. There is also an
American patent for strontium compounds (No.
454,136) by G. H. Gray.

Calcium bicarbonate was patented in France
by Pongowski (1872). Lunge (D. P. J. 243, 157)
found that this causes no formation of sodium
carbonate whatever.

Strontium carbonate is nearly always men-
tioned at the same time as

Barium carbonate. This has been tried in
the dry way, by Kastner (1826) and Anthon
(1840) ; in the wet way by many inventors, be-
ginning with Kôlreuter, in 1828. The reaction :
Na2S04 + BaCO, = Na2C03 + BaS04 is, how¬
ever, incomplète, whatever température may be
employed, even with excess of BaC03. But the
décomposition is quite complété when barium
bicarbonate is employed, or much more simply
and cheaply by passing a current of C02 into an
agitated mixture of BaCO., and solution of
Na2S04, as patented by Lunge in 1866. This
process would be practicable, if a cheap method
of recovering the BaC03 from the BaS04 could
be found. At présent it cannot compete with the
ammonia soda process. Bramley (Eng. Pat.
1,050, 1866) regenerates the barium carbonate
from the sulphate, formed from the carbonate, by
reducing the sulphate to BaS, then dissolving
this in HC1, and treating the solution of BaCL
with hydrated magnesia and carbonic acid (a
very hopeless process !).

Ammonium carbonates have been several
times proposed for decomposing Na2S04, first by
Bower (1840). Recently, after the analogous.
process with NaCl had attained such complété
success, the above has been again proposed,
principally in order to recover the chlorine, as
well as the soda, by interposing the manufacture
of sodium sulphate and HC1. The most im¬
portant of the proeesses in this line is that of
Deacon and Hurter ; it will be described later on
in connection with the ammonia-soda process.

Alumina décomposés Na2S04 in the presence
of steam. This reaction, first proposed by
Tilghman in 1847, furnishes sodium aluminate,
which is easily decomposed by C02, Na2C03 being
formed and alumina being regenerated. In lieu
of pure alumina, the minerai bauxite, found at
Baux in the South of France, and in several
other places, also at Irish Hill and Straid, County

1 D. P. J. 238, 69 ; cf. also Bevan and Cross, D. P. J. 242,
137.
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Antrim, eau be employed. Several German
patents by Lôwig Brothers (No. 93 and 1,650 of
1877) describe this procéss, iu which, however,
the manufacture of hydrated alumina is the
principal feature. A modification of the alumina
proeess was proposed by Vogt and Eigge (Germ.
Pat. 31,675), anotherbyBehnke(Germ. Pat. 7,256).

Silica décomposés Na2S04, especially in the
presence of coal, sodium silicate being formed,
which is, indeed, one of the ways in which this
compound is manufaetured. It has been pro¬
posed to employ this as a soda-manufacturing
proeess, by subsequently converting the sodium
silicate into carbonate or hydrate.

Hydrofluoric acid is mentioned in Weldon's
patents of March 1, 1866, which are quite im¬
praticable.

Calcium bisulphite and sodium sulphate yield
calcium sulphate and sodium bisulphite. By
heating the latter S02 is given off ; the residual
Na2S03 is converted by lime into NaOH and cal¬
cium sulphite (Gutzkow's Am. Pat. 198,293 of
1877).

A mixture of carbon dioxide and monoxide
is supposed to décomposé sodium sulphate at a
red heat into carbonate and sulphurous acid
(Kayser, Young and "Williams, Eng. Pat. 7,355,
1885). This proeess is entirely useless, according
to the investigation of Watson, Smith, and Hart
(S. C. I. 1886, 643). It has been tried on
a practical scale at the Hautmont works, in
Erance, in an apparatus similar to that of Har-
greaves and Bobinson for the manufacture of
sulphate of soda, as the reaction is a very slow
one. The drawbacks found there were : that
the mass crumbles to powder, which stops the
passage of the gas ; that it is very difiicult to
keep the température at the proper point ; and
that ail the sulphur escapes in the shape of S02,
too dilute for any utilisation (Lunge, Pariser
Ausstellungsbericht, 1889, p. 15).

Crude phénol from coal-tar was proposed by
Staveley (Eng. Pat. 17,657, 1887). He agitâtes
it with milk of lime and treats the resulting
solution of calcium phenate with sodium sul¬
phate. Calcium sulphate is precipitated ; the
solution of sodium phenate is decomposed by
C02 into sodium carbonate and free phénol,
which is used over again. Comp. also Staveley's
paper, S. C, I. 1888, 807. This proeess is in-
genious, but no doubt impracticable, especially
owing to the hardly avoidable loss of phénol.

Calcium acetate is employed by Ererichs
(Eng. Pat. 9,293, 1890). As the sodium acetate
formed is to be converted into carbonate by
destructive distillation, that proposai need not
be discussed here.

Calcium sulphydrate is employed by Had¬
dock and Leith (cf. infra, sub. Soda waste) ;
also by Simpson (Éng. Pat. 17,765, 1890) in the
following way : Saltcake, nitre-cake, or the like
are converted by Ca(SH)2into CaS04and NaHS;
this is carried on in closed vessels under a

pressure of 60-80 lbs. per square inch. The
clear liquor is decomposed by C02, and the H,S
set free is passed into milk of lime, in order to
re-form the original calcium sulphydrate. The
soda is precipitated as NaHC03. A spécial ap¬
plication of this proeess is made upon low-class
phosphatic minerais, which are suspended in
water and treated with H»S, the Ca(SH)2 in

solution being employed as above, whilst the
enriched phosphatic minerai remains behind.

Calcium phosphates are employed in another
patent of Simpson's (Eng. Pat. 18,835, 1890).
They are made to react with sodium sulphate ;
the sodium phosphate thus formed is converted
by lime into caustic soda and calcium phosphate.

Soda from Sulphate, a/ter converting it
into Siclphide.

By heating sodium sulphate with coal a <

mixture of sulphide and carbonate is obtained,
and this proeess has been proposed from a very
early period down to 1839, among others by
Berzelius, Gay-Lussac, Graham, and Liebig.
It is, however, quite impracticable for soda-
making, except as an intermediary for other
processes, in the first instance

By adding calcium carbonate, which is
Leblanc's proeess, and will be described at length
further on.

Barium carbonate has been proposed by
Beinar (1858), in lieu of calcium carbonate, but
there is no advantage in this, and the cost is
mueh too great.

Carbonic acid has been very often proposed
for decomposing sodium sulphide. Very many
patents have been taken out for this proeess,
and many attempts have been made to carry it
out in praetice. We mention of the older pro¬
cesses only those of Hunt (1860), and of Wel-
don (1876 and 1877). In spite of the apparent
simplicity of the reaction :

Na2S + C02 v- H20 = Na2C03 + H2S,
which can be made praetically complété, the pro¬
eess has hitherto always failed, for the following
reasons : it is not at ail easy to carry out the
réduction of sodium sulphate to sulphide in
such manner that no oxidised products remain
behind or are re-formed on lixiviating the mass ;
furnaces made of brickwork are very strongly
acted upon, and iron is altogether out of the
question ; the carbonic acid to be employed
cannot be cheaply made in a pure state, but it is
usually contaminated with some oxygen, and is
mixed with a very large excess of nitrogen. The
former causes great part of the Na2S to be con¬
verted into thiosulphate in lieu of carbonate,
and the latter makes the H2S so dilute that its
utilisation was formerly almost impossible.
Becently this last difficulty has been obviated
by the proeess of Claus (cf. the article
Ahmonia), which deals with dilute H2S, by
burning its hydrogen into HsS, and recovering
the S as such. This would give much more
chance of success to processes of this class, but
it seems doubtful that they will ever compete
with the Leblanc or the ammonia proeess. It
has also been formerly overlooked that the re¬
action between Na„S and C02 is not simply
Na2S + C02 + H20 = Na2C03 + H2S, but that it is
principally, although not entirely, thus : -

Na2S + 2C02 + H20 = 2NaHC03 + H„S.
Spécial apparatus for decomposing sodium

sulphide solutions by C02 has been recently pa-
tented by Thompson (No. 10,900, 1887), Chance
(No. 1,495, 1888), Wallis (No. 15,367, 1888),
Parnell and Simpson (No. 19,023,1888). Barrow
(No. 17,528, 1888) describes an apparatus for
dealing witb the H2S by means of a solution of
EeCl3 or MnCl2.
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Further on, in the section Bicarbonate
of soda, we shall mention the process o£
Mathieson and Hawliczek for preparing bi¬
carbonate from sulphide by C02.

Sodium bicarbonate décomposés Na„S thus :
Na»S + 2NaHCOj = 2Na2C03 + EL.S. This reac¬
tion has been several times patented as a soda-
making process (first by Wilson in 1840), but it
seems to have a chance of success only as a
means of purifying the liquor of the Leblanc
process from the Na-S always contained therein,
and even there the action is not instantaneous.

On the contrary, sodium sulphide cannot be
completely decomposed by CO„, except by em-
ploying such an excess of the latter that very
muck bicarbonate is formèd ; and sodium car¬
bonate is partially decomposed by H2S, with
formation of Na„S and NaHC03.

Alumina mixed with sodium sulphide is
treated in a current of hot air by Liermann
(1878) ; sodium aluminate is formed, and the
gaseous products which escape are passed into a
vitriol chamber.

Metallic oxides—such as copper, zinc, lead,
iron or manganèse oxide—have been very fre-
quently proposed for decomposing Na-S into a
metallic sulphide and caustic soda. These pro¬
posais have hitherto mostly failed, first, on ac-
count of the difficulty of preparing Na2S on a
manufacturing scale ; second, because in practice
much more of an équivalent of the metallic oxide
is required for effecting a complété décomposi¬
tion of Na,S ; third, because the recovery of the
metallic oxide from the sulphide is too costly,
always entailing a loss of some of the métal,
and never effecting a thorough utilisation of the
sulpkur. Such processes have been found more
useful for purifying Leblanc's liquors from Na2S.
Still, new attempts are continually made in this
way—e.g. by Lalande (Germ. Pat. 41,991 of
1887). Lalande's process (which employs zinc
oxide) has' been found to effect the desulphuri-
sation very well when tried at the St. Gobain
works, but the séparation of the ZnS and the
régénération of ZnO were found to be too
troublesome.

A new form of this kind of process, which
seems to be more promising, has been invented
by Ellershausen (Eng. Pat. 1,015, 9,112, 16,676,
1890). He first forms a ' ferrate of soda,' similar
to Loewig's (p. 481), by heating carbonate of
soda with ferrie oxide ; on filtering a solution of
sodium sulphide through a layer of ferrate of
soda, the sodium sulphide is entirely converted
into sodium hydrate, which can be easily manu¬
facture! into commercial caustic soda. The
sulphur is retained in the form of an insoluble
ferrosodium-sulphide, to which Ellershausen
gives the formula Fe,Na2S4, and which retains
one-sixth of the total soda. The success of this
process would to a great extent dépend on a
proper r.ecovery of soda, sulphur, and ferrie
oxide from that ferrosodium-sulphide.

Iron or iron oxides décomposé Na2S also at a
red heat. Malherbe in 1778 proposed iron which
was oxidised by the fire gases. Blythe and Iîopp,
in 1855, patented the use of iron oxides. Their
process was tried on a large, scale, but given up
as useless ; and this resuit has been confirmed
by very extensive experiments on a manufac¬
turing scale made by the author in 1865. There

is a double sulphide formed in this process, the
formula of which is stated by Stromeyer (A.
107, 238) = Fe2Na2S3 ; this must be decomposed
by C02, in order to yield Na2C03 and FeS ; but
much H2S escapes, and the FeS is much too
impure to be burned for S02, as had been in-
tended by Blythe and Iiopp. The mass, more-
over, contains much sodium thiosulphate and
re-formed sulphate, and the furnace bottoms are
very strongly acted upon, whatever material
may be used for them. Altogether, this process
(as well as some others employing ferrie oxide
in a différent way, patented afterwards) does
not offer any chance of success.

The préparation of sodium sulphide itself on
a large scale has caused so many difficulties that
many inventors, after spending a large amount
of money and time upon it, have given up this
task as hopeless. This was, for instance, the
case with Weldon's patents of 1876 and 1877.
It is, however, a fact that Ellershausen has suc-
ceeded in manufacturing comparatively very
pure sodium sulphide in speeially-constructed
plain reverberatory furnaces, without any but
very simpleprecautions. Esop (Zeitsch. f. angew.
Chemie, 1889, 284) gives a detailed description
of a furnace for that purpose.

The principal difficulties formerly encountered
were, that the material of the furnaces or
vessels is very much acted upon, and that the
mass in cooling and lixiviating is partly oxidised
again.

Gossage, Mathieson, andHawliezek (Eng.Pat.
12,480 of 1886) seek to avoid this by employing
a kind of cupola, in which sodium sulphate is
intimately mixed with coke and heated. The
sodium sulphate remains incorporated with the
coke ; the mixture, after having descended to
the lower part of the cupola and having cooled
down, is lixiviated, and the coke used over
again. This does not seem to have answered its
purpose, for the inventors propose later on
(Eng. Pat. 3,218, 1888) to mix 40 p.c. common
sait with the saltcake in order to avoid the
destruction of the lining of the furnace.

A very ingenious process has been invented
by G. E. Davis (Eng. Pat. 11,846, 1887). It
begins with decomposing NaCl by S02, air, and
steam, by the ordinary Hargreaves process (see
below, Sulphate of soda). When this opération
is completed and the sulphate is still hot, a
current of ' water-gas ' (CO + H2) is passed
through the cylinders. The H2 acts on Na2S04,
producing Na2S and 4H20, the latter passing on
as steam with the CO, which is not changed,
and the excess of hydrogen. When the conver¬
sion into»Na,S is complété, a current of CO„ is
passed over it ; Na2C03 is formed and H„S
escapes, which is burned, and furnishes S02 for
the first stage of the process. The C02 is pro-
duced by bringing the mixture of CO and steam,
formed in the previous opération, into contact
with heated surfaces, whereby CO, and H2 are
formed. (Probably the reactions described here
are too slow and incomplète to make the process
Pay.)

Helbig digests sodium sulphate with alkali
waste and black ash in cylinders, provided with
agitators and heated by steam ; the final re¬
action is : 2CaS+Na„S04 + Na2C03

= CaC03 + CaS04 + 2Na2S.
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The sodium sulphide is found in solution, is
separated from the insoluble matter by filtra-
tion, and is evaporated to 32°Baumé ; foreign
salts présent are fished out during the evapora-
tion, and, on eooling, crystals of Na2S,9H„0 are
deposited. Similar réactions, and at a lower tem¬
pérature, are produced by mixing black ash and
soda waste without any sodium sulphate. The
crystalline sodium sulphide absorbs oxygen
very slowly, possibly (as Helbig supposes) be-
cause it is free from caustic soda.

Pure sodium sulphide is also infusible,
when heated in close vessels on which it has no

chemical action (Weldon, S. C. I. 1882, 430).
Sodium sulpliydrateis prepared by Trachsel

(Eng. Pat. 3,406, 1886) by igniting an intimate
mixture of the sulphates of sodium andbarium or
strontium with coal, and lixiviating with water.
On boiling down, first baryta or strontia separates
out, and the remaining solution contains prin-
cipally NaSH, which is then deeomposed by C02.
Comp. also Maistre (French Pat. 208,472).

Barrow (Eng. Pat. 10,491, 1886) décomposés
sodium sulphate by barium sulphide and oxide,
obtained from barium sulphate by réduction
with coal.

Manufacture of Soda from Nitrate of Soda.
A very large quantity of sodium nitrate is in-

directly converted into carbonate, inasmueh as
it is first worked for nitric acid, and the residual
acid sulphate (' nitre-cake ') is worked up along
with common sait in the ordinary decomposing
pans. A considérable number of proposais liave
been made for making soda purposely from
sodium nitrate, always, of course, with the con¬
dition of fully utilising the nitric acid as well.
For some time artifieial potassium nitrate was
made by decomposing native nitrate of soda by
potassium carbonate, chiefly in the impure form
of carbonised ' vinasse,' from the manufacture
of beet-root sugar ; but this process has long
been superseded by the use of Stassfurt potas¬
sium chloride.

Silica or illumina expel nitric acid from
NaNOj ; so does calcium carbonate ; in ail cases
the reaction takes place at such high tempéra¬
tures that the nitric acid is deeomposed, and al-
though its re-composition can be effected by an
excess of air and water, this costs too much to
compete with the ordinary manufacture of
nitric acid. The vessels employed are also
corroded to an enormous extent. The advan-
tage of obtaining the sodium in the shape of
silicate, aluminate, or even hydrate cannot eom-
pensate for these drawbacks.

Ferrie oxide is used by Bradburn (Eng. Pat.
6,710, 1889) to convert sodium nitrate (being
the residue of Dunlop's chlorine process) into
hydrate.

Fannie Brown has patented the very hope-
less process of manufacturing carbonate of soda
by igniting nitrate of soda with coal-dust (Eng.
Pat. 11,008 and 11,009, 1884). Freda and
Patroni have taken out a French patent (No.
206,298) for the same process.

Manufacture of Soda from Felspar.
Soda felspar has been severaltimes proposed

for manufacturing soda—e.g. by Ward and
Wynants (1857 and 1864), who heated it with

fluorspar, chalk, and lime ; but this process has
been found far too costly even for potash, and
is not likely ever to answer for soda.

Manufacture of Soda from Cryolite.
This minerai is found mainly in one locality

—namely, the bay of Evigtok, in South Green-
land, where it was discovered by whalers, and
again by Giesecké (1806-1813). Since 1849 it
has become of some importance, because Pro-
fessor Julius Thomsen, of Copenhagen, proved
it to be easily decomposable by lime, and to
yield very pure soda and alumina. It was first
worked upon a large scale in 1854, and several
factories were erected for this purpose in various
parts of Europe, but since 1865 the Pennsylvania
Sait Manufacturing Company at Natrona, near
Pittsburg, has obtained the control of nearly
ail the minerai got (about 6,000 or 7,000 tons
per annum), so that hardly any soda is made
from it elsewhere.

Cryolite is a double fluoride of aluminium
and sodium, of the formula Al„F6,6NaF ; in the
pure state it contains 12-85 Al, 32-78 Na, 54-37
F, eorresponding to 24-23 A1203 and 44-17 Na,0,
but as it cornes into trade it usually contains
about 15 p.c. of impurities (galena, pyrites, fluor¬
spar, limespar). It is a snow-white minerai,
easily fusible, and soluble in concentrated sul-
phuric acid, but insoluble in hydrochloric acid.

Thomsen's process for working it up (which
is the only one carried out in practice) consists
in igniting it with calcium carbonate, when CO,
escapes and soluble. sodium aluminate, with in¬
soluble calcium fluoride, remain behind :

Al.Fe,6NaF + 6CaCOs
= Al203,3Na20 + 6CaF2 + 6C02.

Finely-ground cryolite (100 parts) is inti-
mately mixed with 150 parts of ground chalk,
and some of the impure CaF2 obtained in the
process itself is added to the mixture, which
causes it to décomposé more completely and
greatly increases the yield of valuable products.
The mass must be spread in a thin layer, and
must be heated to a red heat, but short of being
fluxed, which would cause an imperfeet décom¬
position. This is done in furnaces specially con-
structed by Thomsen for this purpose, which
finish each charge of 9|- cwt. in two hours (cf.
Lunge's Alkali, iii. p. 55).

The furnace charge is put, while hot, into
the lixiviating tanks, and is methodically washed.
The residue from this opération is an impure
calcium fluoride (containing 62 p.c. CaF2, 12 p.c.
CaC03, 5-6 p.c. CaO, &c.). It is used for making
bottle glass, for enamelling stone ware, as a
metallurgical flux, &c. The solution of sodium
aluminate obtained, which tests from 48°-60°
Tw., is deeomposed in revolving cylinders, or in
vessels provided with agitators, by the crude
carbonic acid given off by a lime kiln.

The final resuit of the décomposition is
stated thus :

Al203,3Na20 + 3CO.. + 3H20
= Al2(OH)„ + 3Na2CO, ;

but in reality a compound of 45 p.c. alumina,
20 p.c. sodium carbonate, and 35 p.c. water is
precipitated in a granular state, and must be
freed from soda by long washing with hot water.
This is carried on till the aluminium hydrate
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contains only 2 p.c. of soda. Most of it is con-
verted into aluminium sulphate by dissolving it
in dilute sulphuric acid at 90°C., and boiling
down tbe solution in copper pans to the con-
sistenoy of treaole ; it is then poured into
moulds and solidifies on oooling. The richest
commercial article contains 20 p.c. A1,03.

The solution produced in the precipitating
vessels is boiled down to 6G°Tw., and on cool-
ingyields a cropof extremely pure soda crystals,
containing hardly more tlian J p.c. of foreign
salts. The mother-liquors are sopurethat they
can always be taken back again into the process.

The Manufacture of Soda by ihe Leblanc
Process.

The history of this process has been briefly
mentioned above. It consists in heating a mix¬
ture of sodium sulphate, calcium carbonate, and
coal till the mass has fluxed and attained a cer¬

tain degree of décomposition. It is then called
' black ash,' and the batches drawn out of the
furnace are frequently called ' balls. ' Black ash
is a very complex mixture of substances, which
undergoes a somewhat rapid change by the
action of the air. It is separated by the action
of water ('lixiviation') into a residue—' tank
waste,' ' alkali waste,' or ' soda waste '—and a
solution containing the soda ehiefly in the state
of carbonate, along with some hydrate and a
large nurnber of impurities. Frorn this either
the commercial sodium carbonate (' soda ash ')
or the commercial hydrate (' eaustic soda ') is
prepared by opérations to be described below.

The reaction taking place in the black ash
furnace has been interpreted by yarious théories,
The matter is complicated, not merely by the
large number of substances found in black ash,
but also by the fact that, in order to fully dé¬
composé the sodium sulphate, an excess of cal¬
cium carbonate and coal must of necessity be
employed. Taking an average of the many mix¬
tures found in practice, we may assume that
with 100 parts of pure Na,S04 usually as nearly
as possible 100 parts of pure CaC03 and 40 of
pure C are employed—that is, to 1 molecule of
Na2S04 T42 molécules of CaC03 and 4-73 of C ;
or, say, 1J of CaC03 and 4 J- of C ; and the older
théories, in fact, assumed those proportions to
represent the number of molécules entering into
action, without taking the fact into account that
in a case like the black ash process, where the
mixture never enters into complété fusion and
the ingrédients are never absolutely mixed with
one another, the décomposition of the most valu-
able portion, the Na2SÔ4, can be brought about
only by a mechanical excess of the other ingré¬
dients, which ensures that every portion of the
Na2S04 cornes into contact with them.

Apart from this oversight, the first theory of
the black ash process—that of Dumas (1830)—
was based on two erroneous assumptions,
namely, that CaS is soluble in water (eonfound-
ing the compound Ca(SH)2 with CaS, as was
natural at that time), and that there exists in
black ash an insoluble calcium oxysulphide,
2CaS,CaO (already assumed by Thénard). Be-
lieving that the action of water must cause CaS
atonceto act upon Na,C03, Dumas thinks that
this is prevented by the formation of 2CaS,CaO,

and he represents the black ash process in this
way :

2Na.,S04 + 3CaC03 + 9C
= 2Na2C03 + CaO,2CaS + 10CO.

This would require for 100 Na2S04: 105'6 CaC03,
and 38 pure C—quantifies decidedly in excess of
those found sufficient at many alkali works for
completely deeomposing the salteake, which fact
alone would réfuté Dumas's theory.

That theory, further, but not very essentially,
modifie! by Unger, Brown, P. W. Hofmann, and
E. Kopp, was almost universally adopted until
Kynaston, Gossage, and Scheurer-Kestner (1858-
1867) exposed its fallacy by proving the non-
existence of calcium oxysulphide in black ash,
and by other l'easons equally eogent. They also
pronounced against the theory that the principal
oxide of carbon formed is CO,not C02—a theory
upheld by Dubrunfant, and later on by Mactear,
but decidedly refuted by the extensive investiga¬
tions of Kolb (A. Ch. [4] 7, 118), and by labora-
tory experiments made by Lunge and Fischer.1

As the final resuit of the prolonged contro-
versy on these points, of the large-seale experi¬
ments of Scheurer-Kestner and Kolb, and of the
personal observations and experiments of the
author, the theory of the black ash process may
be stated as follows : the principal reaction
going on is ultimately Na3S04 + CaC03 + 2C =

Na2C03 + CaS + 2C02. It is, however, extremely
probable that this takes place in two stages, the
first being the réduction of sodium sulphate by
carbon to sulphide ; the second being a mutual
décomposition of the latter with calcium car¬
bonate :

(1) Na2S04 + 2C = 2CO„ +Na2S.
(2) Na2S + CaC03 = Na2C03 + CaS.

Nearly ail the Na2S is at once acted upon by
CaC03 immediately after its formation, so that
there is at no time any considérable proportion
of it présent, except in the case of abnormal
work.

The above équations would require for 100
parts of pure Na2S04 only 70'42 pure CaC03 and
16'9 pure C. One reason why much more of the
two last ingrédients must be employed for de¬
eomposing the whole of theNa2S04has been stated
above, but there is another reason for it as well.
In order to lixiviate the melted mass, it must have
a certain degree of porosity, and must, moreover,
be further disintegrated during the treatment with
water. Without this, the lixiviation would re¬

quire too much time, too high a température,
and too great dilution of the liquor, and would
thus produce a very inferior liquor, as well as a
bad yield of soda. The above condition is prae-
tically attained by employing an excess of lime-
stone and coal, which in the last stage of the
process, when the température is at its highest,
react as follows : CaC03 + C = CaO + 2CO.

The carbon monoxide, which is formed at a
period when the mass has become pasty, causes
it to become honeycombed, like the dough in a
fermenting loaf of bread. The CO is actually
seen escaping at this stage, and burning with a
flame tinged yellow by sodium. The caustic
lime remains behind, and afterwards, on being
hydrated, causes the balls to swell up and burst,

1 Compare the complété discussion of the various publi¬
cations on the theory of the black ash process in Lunge's
Alkali, ii. 427-441.
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as well before as during the lixiviation. A further
excess of limestone and ooal, which ought not to
be too great, produces greater porosity of the
black ash in a purely meekanical way, since
they are not fused like the remainder of the
mass. Lastly, some portion of the coal is un-
avoidably burned before it can enter into action.
Ail these reasons fully explain the necessity of
employing an excess of limestone and coal ; but
it is impossible to embody this in a chemical
formula, as has been attempted by Scheurer-
Kestner, seeing that suck excess acts merely in
a mechanical way, and actually diïïers very
much in différent Works.

It is hardly necessary to say that niany sub-
sidiary reactions take place at the same time ;
but these have nothing to do with the theory of
the black-ash process, and merely explain the
occurrence of the impurities always found ac-
companying the two principal products, sodium
carbonate and calcium sulpkide.

Desceipiioîi of the Black-ash Pkocess.

Raw Materials.

Sodium sulphate (saltcake). This is nearly
always obtained by the décomposition of common
sait by sulphuric acid, or else by Hargreaves and
Bobinson's direct process from common sait,
pyrites kiln gases, and air (cf. Sodium sul¬
phate).

The saltcake for alkali-making should be
a white or yellowish powder containing none but
porous, friable lumps, but no liuxed pièces, which
nearly always inclose some raw sait and dé¬
composé badly in the black ash furnace. Bed
(' foxy ') saltcake does not yield good soda
either ; its colour indicates an excess of heat
in calcining the saltcake.

Good, strong soda cannot be made with salt¬
cake containing more than 0-5 p.c. of unde-
composed NaCl, and 1 to 1*5 of 1 free acid '
(calculated as S03, and including bisulphate,
pyrosulpkate, ferrie sulphate, &c.).

Good commercial saltcake contains 9(5 to
97 p.c. of real Na,S04 ; that made with a large
proportion of ' nitre cake ' is generally unequal
in quality, unless the nitre cake has been ground
and carefully mixed with the sait in the decom-
posing pan. Eresh saltcake does not act so
well in the black ash furnace as that which has
been warehoused for some time, in which case
a more thorough reaction between the undecom-
posed NaCl and the NaHSO., takes place.

Calcium carbonate. Both limestone and
chalk are employed -of course, the purer the
better. Magnesian limestone cannot be used,
and limestone or chalk containing much siliea
causes a great loss of soda in the insoluble
state. The chalk ought to be dried, and both
it and the limestone ought to be crusked by
rollers or edge runners to the size of a pea or
a bean.

The Tyneside works mostly use the chalk
brought down from the Medway by colliers as
ballast. The Lancashire works employ mostly
Buxton limestone, which works more easily in
the furnaces than does chalk, and requires less
heat for the ' balling ' process.

Most of the caustic soda works employ the
lime mud obtained in causticising the liquors

by lime to replace part of the limestone in the
black ash mixture.

Sometimes part (up to 15 p.c.) of the lime¬
stone is replaced by desulphurised soda waste
from Mond's process ; and this should take place
to a very much larger extent by the calcium car¬
bonate recovered by Chance's process for working
up alkali waste (v. infra).

Coal. The quality of the coal employed for
the black ash mixture is of great importance.
It ought to eontain as little ashes as pos¬
sible, and this is more difficult with the small
coal or ' slack ' generally used than with
lump coal, which is, however, too dear for
this purpose. Even after washing, such small
coal rarely contains less than 5 p.c. of ash ;
6 p.c. is the maximum tolerated by some German
alkali works ; but in England ' slack ' contain¬
ing up to 8 p.c. ash is considered as very good
for mixing. The coal ashes, consisting prin-
cipally of aluminium and calcium silicates and
ferrie oxide, cause the formation of insoluble
double silicates, which lock up a considérable
portion of soda in a non-available form. The
more ashes the mixing-coal contains, the less
soda ash will be obtained with it.

■ The small quantity of pyrites usually con-
tained in coals is of no great conséquence for
the black ash process. The ' volatile sulphur '
in ordinary mixing-coal varies from 0-6 to
1-65 p.c.

It is not quite decided whether bituminous
or ' dry 1 coal is préférable for mixing ; but the
balance of opinion is in favour of coal yielding
a large proportion of fixed residue—that is, less
bituminous matter—and it is certain that the
quantity required in mixing is proportionate to
the ' fixed ' carbon of the coal.

Leblanc himself employed wood charcoal,
which is now excluded by its price. Good lig¬
nite or crushed coke, if otherwise pure, can be
very well employed in mixing. In any case
very much care must be taken to décidé by pre-
liminary trials on a working scale whether a
certain description of coal will answer for soda-
making or not, as the whole success of the
opération dépends upon this, and analyses
cannot entirely décidé this point beforehand.

The nitrogen contained in coal, which varies
from 0-5 to 1-75 p.c., gives rise to the formation
of cyanides, part of which are çonverted into
cyanate by the oxidising action of the Same.
The moisture of the air décomposés the cyanate,
with formation of ammonia, which is evolved
during the cooling of the balls. But another
portion of the cyanide remains behind, and is,
during the lixiviation, çonverted into ferro-
cyanide, which afterwards causes much trouble
(see further on).

J. Pattinson (in Trans. Newcastle Chem. Soc.
4, 183) gives analyses of nine descriptions of
mixing-coal as used on the Tyne. That described
as ' good ' contains, in 100 parts, 61-19 to 66-45
■fixed carbon, 25-27 to 27-35 bituminous sub¬
stances, 0-6 to 1-47 volatile sulphur, 0-1 to 0-3
sulphur in ashes, 4-8 to 8-32 ashes, and 1-01 to
1-67 moisture. ' Inferior ' mixing-coal contains
only 56 to 58-8 fixed carbon, ancl 12-56 to 14-22
ashes.

Mixing-coal acts ail the better the more
finely divided it is ; it is, however, rarely ground
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by itself, especially as it is mostly employed in
the state of 'smalls' or ' slaok,' but is only
screened and rougbly mixed with the other
materials. At some works ail the materials o£
a charge, after being weighed out, are passed
through crushing-rolls, which hâve the action
ol both comminuting and intimately mixing
them ; and this is, no doubt, the proper way to
obtain a good resuit.

The proportions in which the materials are
mixed naturally vary with their quality, the
amount of moisture, &c. Leblanc's original
proportions : 100 saltcake, 100 ehalk, 50 char-
coal, are very nearly identical with those now in
use in hand-furnaces. With 100 saltcake, rarely
more than 100 limestone or dry chalk are used
now. For mechanical black ash furnaces, where
the charges are better mixed during the opéra¬
tion, somewhat less limestone may be employed,
but it is not safe to go below 90 parts to 100 sul-
phate, otherwise the décomposition is likely to
be imperfect, and weak, discoloured soda ash
will be the resuit.

On the other hand, it cannot be doubted that
any excess of limestone tends to produce a loss
of soda in the shape of insoluble compounds.
Such a loss had been long known to exist ; it
had been pointed out by Hargreaves (C. N. 1867,
15, 218, 232) and by Kynaston (C. J. 11, 135),
who, howeyer, attributed it to its sodium alu¬
minium silicates. C. B. A. Wright (ibid. 1867,
20, 407 ; C. N. 16, 259) proved the practieal im¬
portance of this loss, which he believed might
partly be due to the formation of a sodium-
calcium carbonate. This was more distinctly
proved by Scheurer-Kestner, in 1872 (C. R. 75,
1,184), who showed that in reality any augmen¬
tation of the limestone in black ash mixing leads
to a réduction of the yield of available soda.
The hypothetical insoluble sodium-calcium car¬
bonate was prepared artifieially by Watson Smith
and Liddle (Proc.Lit. and Phil. Soc. Manchester,
20, 24 ; C. N. 42, 243 ; 43, 7), and it was about
the same time actually discovered, as an incrus¬
tation on settling tanks for soda liquor, by Reide-
meister (Chem. Indust. 1881, 75), and identified
by Rammelsberg with the minerai gay-lussite,
Na2C03,CaC03,5H20 (W. J. 1881, 271).

The quantity of coal for mixing is best kept
as low as is compatible with good work. Some
French makers use as little as 30 parts of coal
to 100 of saltcake, and 40 to 45 of good coal is
certainly sufîicient; but inEnglandusuallymuch
more (50 to 60 or even 70 parts) is employed,
partly because it is considered imperative that
each furnace should ' boil down its own liquor.'
Those Continental manufacturera who use less
mixing-coals do their boiling down as well by
carefully utilising ail the heat, and by using less
mixing-coal they not only save the price of the
différence, but they, moreover, profess to get
better black ash, containing less cyanide and less
caustic. The theory of black ash making, as
we have seen above, requires only 70-4 CaC03
and 16-9 C to 100 Na2S04 ; in practice 90 CaCOs
and 32 C = about 40 coal ought to suffice for the
unavoidable excess required to make the décom¬
position perfect and to keep the balls ' open,'
including the CaO which should be présent to
promote the lixiviation, in conséquence of burst-
ing the pièces by the formation of Ca(OH)2.

Usually, liowever, more limestone and coal is
employed, so that the mixture more nearly ap-
proaclïes the proportions of 100 saltcake, 100
limestone, and 50 (or upwards) coal.

The spécial features of some mixtures for
revolving bail furnaces, especially the Mactear
process and the Péchiney-Weldon process, will
be mentioned later on.

The Black Ash Foknaces.
The furnaces in which the Leblanc process

is carried out are either worked by hand or
mechanically. The former class is, of course,
that which was originally employed, and on the
Continent it is even now more largely employed
than mechanical furnaces, whilst in Great
Britain the latter class is now prévalent at ail
larger alkali works.

The hand-worked furnaces are generally
made larger in France than in England, and cal-
culated for a much heavier charge ; but these
heavy charges cannot be easily worked through
quite evenly without overheating them ; the
labour required,for a certain weight of charge is
no less, but rather more, than with the smaller
type of furnaces used in England, and it is very
doubtful whether the former offer any more
eeonomy in fuel. For these reasons the smaller
English bail furnaces have replaced the larger
type entirely in Germany, and partially even in
France.

AU black ash furnaces are so arranged that
their waste heat is utilised for the boiling-down
of liquor, sometimes also for other purposes, as
calcining the ash.

There is, of course, some différence in the
shape of the black ash furnace at différent
works ; altogether the type of furnaces as used
in Lancashire somewhat differs from the Tyne-
side type, but those variations only refer to less
essential détails, and it will suffice to give a
description of the usual Tyneside bail furnace,
which is very substantially built and easy to
work, with working-drawings, having the dimen¬
sions indicated in metrical measure.

The diagrams (figs. 28 to 33) also comprise a
boiling-down pan, such as is always attached to
those furnaces ; but in other localties the fire is
conducted below, not above, the pan, as will be
seen hereafter.

Fig. 28 is a sectional plan along line a b of fig.
29, passing through the hollow fire-bridge, but
showing the beds and the pan from the top ; fig.
29 is a sectional élévation along line c d of the
plan; fig. 30 a front élévation, showing only the
fire-cave and the drainer in section ; fig. 31 a cross
section along e e ; fig. 32 another along g h, both
looking towards the fire-bridge ; fig. 33 a section
through thepan. Such a furnaceworks ofi a3-cwt.
charge of saltcake in 45 to 50 minutes, so that
with the necessary pauses for cleaning the fire,
&c., 24 to 27 balls are made daily. a is the fire-
place, provided with wrought-iron grate-bars ;
the bar 6 assists in poking up the fire from below
from the fire-cave c. (Such ' cave-fires ' are said
to consume less coals than fireplaces with their
ash-pits at the level of the floor, by the greater
facility they offer for attending to the fire.) At
d the fireplace is stepped backwards, so that the
flame ranges ail over the bridge e. The latter
must be very carefully and strongly built of the
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best fire-bricks procurable, in which case it will
last about three months. It is 2.\ to 3J feet
wide, and on the Tyne is always made hollow.

A cast-iron bridge plate/, 1J to 2 inches thick,
prevents the charge from fluxing through the
bridge ; it must be protected against overheating
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by an air channel g, open at each end. h and i
are the two furnace-beds. The charge is put
through a hopper k or else through the door, on
the back bed i, which is 3 inches higher than
the front bed h ; to this the charge is transferred,
when it is empty, in order to be finished and
drawn out through its door. Sometimes three-
bedded furnaces are met with. The front bed h
is made of bricks on end, that is 9 inches deep,
and is set upon a layer of ground chalk or fire-
clay, to isolate it from the foundation. The
bricks are set dry, as closely together as possible
(preferably grinding them upon one another, so
as to minimise the width of the joints), and are
grouted on the top with a thin paste of fireclay.
The long joints are made to run towards the
door, and the whole bed is made to slope about
2 inches that way, in order to facilïtate the
working of the tools. The back bed i is made
of bricks on edge (i.e. 4| inches high). The
diagrams show how these beds are made within
iire-brick 9-ineh walls, so shaped that the tools
can easily reach every part of the beds, and leave
no dead corners. The front or working-bed,
even if made of the best material and with
the greatest care, rarely lasts longer than five
months.

On the Tyne the furnaces are cased in solid
cast-iron plates, tied together by upright binders
and tie-rods ; but in Laneashire the plates are
frequently replaced by the less substantial plan
of simple straps of wrought iron, 3 to 6 inches
broad and § inch thick. The ends of the tie-
rods are tightened up by screws and nuts, or else
by loops and wedges.

In front of the working-doors there are
spécial door plates and supporting-rods for the
tools. The doors are best closed by fire-clay
slabs, surrounded by an iron frame, and hung
from a standard with chain, pulley, andbalance-
weight.

Adjoining the furnace, but separated from it
by an air-channel s, is the boiling-down pan p,
made of sheet iron | inch thick, preferably with
counter-sunk rivets. There ought to be no joint
running the long way of the pan, but ail the
plates ought to be in one piece from back to
front. The shape of the pan is such that ail its
contents can be easily drawn out. These pans
are made with two doors, or preferably some-
what longer than shown here (say 20 feet), and
then with three doors. Round the top an angle-
iron runs inside the pan, partly for stiffening it,
and partly as an abutment for the arch, unless
a spécial angle-bar r is provided for this pur-
pose. The fire-clay slabs o protect the front pan
edge from the fire. At the other end the flue t
conveys the waste gases to the main flue, or else
to some place where their heat is to be further
utilised. The pan rests on pillars qq, so that it
can be inspected from the bottom at any time,
and any leaks can be discovered at once. The
doors u are arranged in such a way that the
whole contents of the pan can be drawn out into
the drainer w, placed in front, while the pan is
working. The doors are pressed against the
angle-iron running round the edge of the open-
ings, by means of a cross bar and screw bolts.
Loose sheet-iron covers v' close the upper part
of the openings, but allow inspection of the inner
part at any time.

The salt-drainer w bas a perforated false
bottom, with holes ^ or } inch wide, resting on
a framework of angle and T bars. The true
bottom slopes to one side, and ends in a well in
which is placed the liquor pump y.

The worlt in the black-ash furnace is carried
on as follows : The mixture is put on the back
bed, where it is levelled, and during its stay there
is twice turned over, in order to dry it and heat
it up. When the charge in the front bed has
been drawn out the fire is allowed to play on the
empty bed for a little while to make it properly
hot, and then the previously heated charge is
pushed over from the back bed by means of the
working doors. Sometimes a portion of the bail
is left a little longer on the back bed (' splitting
a bail '). As soon as it is empty a fresh charge
is put in. The principal work, of course, goes
on on the front bed, which is heated to at least
the melting-point of silver. F. Fischer (Berl.
Ber. 10, 1,559) found the température of a
Hanover bail furnace to range from 713°C. (just
after eharging) to 932°C. (before drawing) ; but
in England, where the furnaces are made to do
more work, they must beworked somewhat botter,
probably about 1,000°C. Soon after the mixture
bas been put on the front bed, the saltcake at
the top begins to soften, and so far as it is con-
verted into Na„S it fuses completely. The fur-
naceman must now turn over the mass with his
' paddle ' or ' slice,' so as to mix it up thoroughly,
and to gradually raise it evenly to the proper
température by moving the upper portions to¬
wards the bottom, and fetching up those lying on
the bed. This turning over, which should not
occupy more than a few minutes, is repeated
twice more, leaving each time an interval of ten
minutes, during which the working door is closed
and the heat gets up again. The outside ends
of the ' paddles,' ' rakes,' and other tools are
supported by chains, and that part of the handles
which is immediately in front of the working
door rests on iron bars covered with waggon
grease, in order to facilitate that very exhausting
work.

About 30 to 40 minutes from the start the
mass has become sufficiently liquid ; but it is only
a thin paste, never in the state of a real liquid,
so that it does not run out at the door. The
furnaceman now changes his paddle for a rake,
with which he mixes the mass most thoroughly,
and gradually draws it to the door. At this
stage a great number of gas bubbles are seen to
escape, which gives the mass an appearance of
boiling ; these bubbles do not burn, as they con-
sist of C02, the principal reaction taking place
now, of which C02 is the gaseous product (see
above). Shortly after the mass, which had
reached its thinnest stage, becomes stiffer, evi-
dently because the Na2S has been converted into
the less fusible Na2C03, and now numerous
small jets of flame burst from the pasty mass..
The men call them ' candies ' or 1 pipes.'
They are caused by CO being formed now (see
above), and burning away, the flame being tinged
yellow by the soda. When they appear (not
when they cease, as stated in some treatises), it
is very nearly time for drawing out the halls.
The man rakes it up very thoroughly, gradually
works it towards the door, in front of which he
had previously placed the iron ' bogie,' and then
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as quickly as possibly pulls tlie bail out. If the
opération lias been a good one, the bail will swell
up in the bogie like a fermenting loaf of bread,
and numerous ' candies ' will still burst out of
it. In reality, the réaction is only finished here,
and should be prornoted by stirring the bail in
the bogies. If it bas been heated too long, or
else too short a time, it will be ' thin ' ; it will
then not rise in the bogie, and few or no
' candies ' will issue from it. Burnt balls con-

tain much Na,S, underheated balls much Na2S04.
At the finish the température ought to be the
highest, but its action ought to be only short.

The making of black ash, although it can be
learned by a somewhat intelligent and sufficiently
strong man in a few weeks' time, is extremely
heavy work, and requires constant checking on
the part of foremen and chemists. The men are
always paid by the piece, and are not allowed
anything for bad balls.

The consumption of fuel for ordinary black
ash furnaces varies from 13 cwt. of coal per ton
of sulphate down to 10 cwt., both excluding un-
usually bad or good work. This ineludes, of

course, ail the fire for boiling down the liquor,
but it does not inelude the mixing-coal. With
the very best appliances and the greatest care
the coal for firing and mixing together may be
brought down to 14 cwt. per ton of sulphate, but
this is exeeptionally good work.

Even by employing the waste gases of the black
ash furnaces for evaporating the liquors tbeir
heat is nothing like fully utilised. At some
works they use it further for raising steam, or
for drying soda ash to a certain point, but even
then the gases escaping into the chimney have
a température exceeding 500°C. An attempt
made at better utilising their heat by means of
Perkin's high-pressure water tubes, as described
by Hurter (S. C. I. 1884, p. 67) did not turn
out successful, owing to mechanical difficultés
caused by the expansion of the tubes.

F. Fischer (D. P. J. 234, 306) has ex-
amined the gases from hand-worked black ash
furnaces at ail stages of the work, in two différent
works. He found in one case from 17'8 to 23T p.c.
C0.2 and 2-1 to 8'6 p.c. 0 ; in the other case U'O
to 22-7 C02 and 2-8 to 11-4 O, but never any

Fig. 34.

carbon monoxide. Whether the latter holds
good of revolving furnaces as well, is still
uncertain.

Revolving black ashfurnaces. Anybody who
considers the kind of work done by a ball-furnace
man will come to the conclusion that this work
can be done more efficiently and cheaply by me¬
chanical means, as it simply consists in keeping
the charge turned over. The actual solution of
this problem proved, however, a difficult task,
even after the right prineiple, that of a cylindri-
cal furnaee revolving as a whole, had been found
by Elliott and Russell, in 1853. Apart from the
mechanical imperfections of their furnaee, it
turned out the black ash much too hard and in
a very bad state for dissolving, just because by
the continuous rotation ail the gas was driven
out, and the honeycombed structure of the balls
was lost. Stevenson and Williamson, in 1855,
overcame both difficultés, and must be called
the true originators of mechanical blaekash
furnaces, which have now superseded hand-
wrought furnaces at most of the larger British
and at some of the Continental alkali works.

Figs. 34 and 35 show an ordinary revolving
black ash furnaee in sectional plan and in élé¬

vation. a is the fireplace, with two working
doors and a cylindrical opening, 2f feet wide,
for the flame to pass through. Between this and
the revolving cylinder there is a fire-brick lined,
cast-iron ring b, the ' eye,' hung by means o£
chain and pulleys, which allows some air to
enter ail round, and the necessary expansion to
take place. The cylinder e, consists of a shell
of ^-inch boiler plates, 15j feet long and 10J feet
wide inside ; cast-iron tire seats ff, and cast-steel
tires g g, shrunk upon the barrel, work upon the
V-rollers h h. The cylinder is lined inside with
fire bricks, 9 inches thick in the centre, lf feet
at the ends ; this facilitâtes the running out of
the charge. Two horizontal ' breakers ' project
from 9 to 13 inches above the other lining, and
promote the mixing of the charge in revolving.
A lj-foot manhole, closed by an iron lid, allows
charging and emptying the furnaee. Each
furnaee is provided with a spécial engine, pos-
sessing double gearing so that it can produce
either a slow movement (one révolution in four
minutes) or a. quick movement (five révolutions
per minute). The highest velocity praetically
employed is one révolution per minute. The
gearing acts upon a spur-wheel m, made in one
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piece and bolted immovably to tbe furnace.
The exit opening l communicates with the
large dust chamber m', to which are joined the
two boiling-down pans n and n', 28 feet long by
8 feet wide by 2J feet deep eaeh, with their
drainers o and o', and from these the flame goes
through the flues q q into a spécial chimney,
6 feet wide and 100 feet high. The partition r
in the pans bas the object of reserving one part
for evaporating the mother-liquor pumped up
from the drainers.

A railway runs above the furnaces forehar-
ging them, and another (smaller) railway runs
underneath them for moving the discharging
' pots,' each of which yields a bail of about the
same size as those made by hand. A mechani-
cal furnace must have a number of pots corre-
sponding to its size.

A furnace of this size takes charges of 30
cwt. saltcake and gets through 15 to 18 tons of
.saltcake in twenty-four hours, with a eonsump-
tion of 13 cwt. of coals per ton of saltcake.
Much larger furnaces have been erected, e.g.
some at St. Kollox, where the shell itself is
barrel-shaped, 18J feet long, 12| feet wide in the
centre, 8| feet wide at the ends. This furnace
■works 4 tons of saltcake every two hours, or

50 tons in twenty-four hours. A furnace erected
by the Widnes Alkali Company in 1887 (described
by Watson Smith in S. C. I. 1887, 417) is
cylindrical, 30 feet long, 12J feet wide, with
three doors. Each charge contains 8 tons 12 cwt.
saltcake, along with the requisite calcium car¬
bonate and coal. In a week of seven days it
makes 48 charges, containing 400 tons of salt¬
cake, and yields 240 tons of 60 p.c. caustic.
This furnace takes only 10 cwt. of coals to a ton
of saltcake.

Eevolving bail furnaces are mostly heated by
meansof very large ordinary fire-grates. Gaseous
fuel, it is stated, has not been found suitable in
this case ; but it is difficult to reconcile this
with the ail but universal preference given to
gas producers in nearly every other kind of
opération where a high heat is required.

The usual way of working revolving furnaces
is to introduce first ail the chalk or limestone
(lime-mud, &c.) with two-thirds of the coal, and
to keep this slowlymoving round till theappear-
ance of a blue flame of CO round the man-hole
shows that some caustic lime has been formed.
This ' liming ' lasts about 1 to 1J hours. Now
the saltcake, together with the remainder of the
coal, is put in, and the rotation is slowly con-

Fio. 35.

tinued for some time, till the mass is nearly
fused, when the quick movement is started, and
is continued till bright-yellow fiâmes break forth
from the pasty mass within the furnace. The
furnace is turned round very quickly several
times, so as to detaeh the mass from its sides ;
the man-hole is knoeked off, and the cylinder is
turned out to discharge its contents into the
row of pots, which are pulled away as they are
one after another being filled.

The object of ' liming ' is to produce a cer¬
tain proportion of caustic lime, larger than
with hand-wrought furnaces, which in the
lixiviating tank will cause the balls to burst,
and to be more easily dissolved. Without this,
as they are not sufliciently porous, there is very
much loss, both by incomplète exhaustion and
by the necessary élévation of température which
produces Na„S. But the 'liming' greatly pro¬
longs the opération, and hence many attempts
have been made to supersede it by other
means. The most notable is that of Mactear

(patented in 1S74). He charges saltcake, coal,
and limestone ail at once. Of the latter he takes
only the theoretical quantity, but when the de-
composition has been achieved, he stops the
revolver and throws in 10 per cent, quicklime
of the weight of the saltcake, with 15 per cent,
furnace cinders, both in order to achieve the
same end as by 'liming.' The ash made by this

Vol. III.—T

process is not quite so strong as by 'liming,'
and it seems certain that more limestone than
the quantity prescribed by Mactear must be
used.

Péchiney (patents of 1877 and 1878) adds at
the end of the opération some saltcake, which
has the effect of destroying the cyanide présent
(perhaps by the reaction : 2NaNC+ Na„S04 =
Na.jS + Na.C03 + CO + 2N), and of preventing the
formation of ferro-cyanide,. which further on,
when being calcined, imparts a yellow tinge to
the soda ash. Weldon adds with the saltcake
some limestone dust, which décomposés the Na„S
présent and yields better tank liquors. This is
ail the more necessary as the Na2S04, in de¬
stroying the cyanide, is reduced to NazS. The
Péchiney-Weldon process seems to be the best
of those proposed; but eventhis process does not
seem to be very much practised now ; usually
ail the materials are charged at the same time,
and, with a proper mixture, good black ash is
obtained without further difficulties.

According to Jurisch (see below), the analyses
of black ash and tank liquor, produced by various
Systems of working, prove that the quantity of
cyanides dépends simply upon that of the unde-
composed sulphate, and it is indiffèrent whether
this be présent ail along or is only added at the
finish. The advantage of the Péchiney-Weldon
process seems to consist chiefly in the fact that

HH
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a procluct is obtained containing ahvays the
same known quantity o£ sulphate sufficient to
keep down the oyanides nearly to the point of
hand-made black asb—a resuit which eannot
be quite so easily attained by discharging the
revolver rather sooner.

Several other patents were taken out about
the same time (1878) for destroying the cyanide
and ferrocvanide, by Mactear, Gaskell, Deacon
& Co., Pauli, Brunner, Allhusen, and Glover,
but these have hardly corne into extensive
use.

Probably the most suecessful plan is that of
deferring that destruction till after lixiviation,
as we shall see below.

T. W. Stuart (S. C. I. 1884, 607) sums up
the relative merits of revolvers and hand fur-
naces as follows. Bevolvers cost eonsiderably
more than hand furnaces for a given quantity of
work ; there is no saving of coal or limestone,
and the eolour of the finished soda-ash [probably
owing to a larger production of ferrocyanide] is
not so good as that produced from hand-made
balls. Labour in revolvers is only la. per ton
on sulphate, as against 3s. in hand furnaces, but
of this saving of 2s. per ton ls. must be deducted
for the increased cost of repairs and stores. But
there are indirect advantages in favour of me-
ehanical furnaces : better décomposition of the
sulphate, stronger ash, better yield, dispensing
with a large number of troublesome men, easy
control of the opération of balling, regular and
certain results. In large works nobody would
like to go back to hand furnaces, but the direct
saving by revolvers is not large enough to justify
their érection in small works.

Properties of black ash. The yield of black
ash is about lf times the weight of the sait cake
furnaced. Properly made, black ash has a
blackish-brown, in some places a liver-brown,

colour and porous, almost pumice-like, structure,
and looks homogeneous ail over, without any
black or white streaks or lumps. Balls which
are quite black on the outside are made with too
much coal, or are very badly wrought, so that
the mixing coal was not ail consumed and the
bail could not be ' cleared.' If there was a defi-
ciency of limestone, or if the balls were over-
heated, they are very dense, with pale pink
spots outside, and on breaking their colour is
pink or purple, in the worst case brick-red.
Such black ash contains very much sodium sul-
phide or even polysulphide. Kolb found this
to occur whenever the melting-point of silver
was exceeded. ' Soft ' balls occur when the tem¬
pérature has not been high enough, so that the
mass never got beyond the thinner state to the
pasty, porous one. Such black ash is very diffi-
cult to lixiviate, and contains much undecom-
posed sulphate. The black ash from revolving
furnaces is always much denser than that from
hand furnaces.

In order to check the furnace men, sample3
are taken from eachman'swork, sometimes even
from every single bail, and are roughly tested
for their percentage of alkali, of sulphate, and
of sulphide ; but as these cannot be average
samples, the judgment of a praetised eye on the
appearance of the bail in général must always.
be taken into account as well. The testing-
methods are the same as those used for tank-
liquor (see below).

Of the published analyses of black ash many
are not trustworthy, because they were evidently
made with a material changed by exposure to
air, or because they neglect constituents which
must have been présent ; some of them also be¬
cause they give highly detailed figures for con¬
stituents for which no good analytical methods
are (or were then) known. We quote only a

surface ; on breaking, it exhibits a slate-grey few

From Jarrow fStolimanni
From AmiensFrom Liverpool

(Kynaston)
Hand made

(Ivolb)
Revolver ash

a t c a

Sodium carbonate. . . 36-88 44-41 43-27 44-79

„ silicate 1-18 — — 1-52

„ aluminate 0-69 — — 1-44

„ sulphate . 0-39 1-54 1-06 0-92 1

„ chloride . 2-53 1-42 1-48 1-85
Calcium oxide 9-27 10-44 7-13 9-68

„ sulphide . 28-68 28-87 27-73 29-96
„ carbonate 3-31 3-20 7-52 5-92
„ sulpbite, &c. . 3-78 —

—
—

Magnésium oxide . 0-25 0-10 0-19 —

Silica — 0-89 1-74 —

Ferrie oxide .... 2-66 1-75 1-48 1-21
Alumina .... 1-13 0-79 0-72 —

Iron sulphate 0-37 — — —

Ultramarine .... 0-96 — — —

Sand 0-90 2-20 2-66 —

Coal 7-01 5-32 5-28 1-20
Water 0-22 — — —

Total . 100-21 100-93 100-26 98-49

These analyses do not show caustic soda, | neither do they count up a number of rare sub-
which is, in fact, only formed on lixiviation ; | stances, found by some authors in the samples-
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examinée! by them. But the analysts ought not
to bave neglected the oyanide, nor the soda
présent in an insoluble form. There is also no
mention of Na2S, which is never quite absent.

AU these are aecounted for in the following
partial analyses of black ash made by the
Péchiney-Weldon proeess :—

—

Made with 60 per cent,
coal on the sulphate

100 sulphate, 77-8 lime-
stone, 36*1 coal

100 sulphate, 85*3 lime-
stone, 44*1 coal

Alltali
Na2S
Na„S to 100 alkali
Naj504
Total Na2S04 after oxidation
Available alkali in soda ash
Alkali in soda waste .

Na4FeCy6

22-60—24-51
0-28— 0-38
1-15— 1-60
0-41— 0-63
1-85— 2-24

57-40—58-30
0-21— 0-37

24-25—26-00
0-31— 0-48

0-18— 0-90
0-88— 1-90

0-19— 0-23
traces— 0-06

23-00—26-25
0-20— 0-37

. 0-18— 0-90
0-96— 2-00

0-17— 0-32
traces— 0-052

Jurisch (S. C. I. 1880, p. 241) gives the following analyses (in whieh we abridge the three
décimais of the percentages to one) :—

Muspratt, revol¬
ver, July 1874

Muspratt, hand,
November 1874

St. Bollox, Mac¬
tear's revolver pro¬

eess, February 1886

Muspratt, Mac¬
tear's revolver

proeess, April 1886

Mixture : Sait cake
limestone
Coal 10 p.c. ash
Mactear's lime

Na„C03
NaCl
Na„S04
Na2SO:j
Na.,S2Ô3
SiÔ„ "
A120J
Fe203
CaC03
CaO
CaS
MgO
Coke

100
106

55

100
109

56

100
73
41

7

100
78
47*
7f

41-6
1-2
1-2
0-14

2-4
1-1
0-9

11-6
5-7

29-8

4-4

41-8
1-4
2-3
0-5
0-3
4-1
1-5
1-1
6-G
5-8

31-9
0-3
3-3

45-3
1-7
1-5

1-3
3-1
1-0
0-7
5-1
1-3

31-0
0-3
7-4

40-2
0-7
0-4 .

0-6
2-7
0-8
1-0
9-7
1-7

33-6
0-4
3-5

Black ash keeps unohanged in the absence of
moisture and C02, but in the presence of these
it soon undergoes a change (minutely studied by
Kolb, A. Ch. [4] 7, 118 ; 8, 135 ; 10, 106). The
lime attracts both H20 and C02 ; on being
hydrated it swells up and cracks the balls, which
graduaUy fall to powder. On lixiyiating, they
now yield less NaOH, but, on the other hand,
much more Na2S and products of its oxidation,
since the action of the atmosphère on CaS pro¬
duces calcium hydrosulphide, polysulphide,
thiosulphate, and other soluble calcium com-
pounds which, on lixiviation, at once react on
sodium carbonate and destroy part of this. In
the course of time the réaction may thus be
reversed, and the sodium carbonate may be
entirely decomposed again. Hence black ash
ought not to be kept too long before worldng it
up, and ought not to be exposed to the action of
the air after being once cooled down.

The action of water on black ash has also
been studied minutely by Kolb (l.c.). From his
experiments he draws the following conclu¬
sions. The quantity of NaOH formed in the
digestors, by the action of lime on sodium car¬
bonate, is not materially influence! by the quan¬
tity of water, but increases both with the time of

digestion and the rise of température. Almost
exactly the same conditions govern the forma¬
tion of sodium sulphide, but this is independent
of that of caustic, and evidently takes place
by the action of dissolved CaS on Na.,COa. NaCl
slightly increases, Na2S04 slightly diminishes,
the quantity of CaS entering in solution, which
always takes place in the shape of Ca(SH)„.
Boiling CaS with water will effect this slowly.
Solutions of Na2C03 act ail the more on CaS the
more dilute and the hotter they are, and the
longer they remain in contact with each other ;
the presence of caustic lime or caustic soda re¬
tards this action. Hence the lixiviation should
be carried on as quickly and at as low a tem¬
pérature, and with as little water, as possible.

A spécial treatment of black ash has been
proposed by Mathieson and Hawliczek (Germ.
Pat. 5,456, 1886) in orderto purify it from eyan-
ide and sulphide. They expose it in closed
vessels to superheated steam at a température of
300°-500°C., whereby the cyanides are decom¬
posed, with formation of ammonia, which may
be recovered and utilised. By then exposing the
mass to a température of 550°-650°C. the sul-
phides are decomposed, with évolution of sul-
phuretted hydrogen. (Expérience must show
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whether this process acts completely and is
suflioiently cheap.)

Lixiviation of Black Ash.
During the first period of the manufacture of

artificial soda, the black ash, as it came out of the
furnace, was directly sent out to soap makers
and other consumers. This is now done only
quite exceptionally. Usually (in England uni-
versally) the black ash is separated by lixivia¬
tion into a soluble and an insoluble portion.
The former yields commercial soda ash, crystals
or caustic ; the latter, which contains CaS, as
well as many impurities, is a waste product,
until quite recently very imperfectly, if at ail,
utilised.

The lixiviation is not merely a mechanical
process for dissolving the soluble matter ; during
its course chemical reactions set in, which are
partly comparatively harmless (as the formation
of some NaOH), but which may cause very much
loss by the conversion of Na.,C03 into Na2S,
Na2S04, and intermediate states of oxidation, as
will be understood from the remarks made upon
the action of water on black ash.

Properly made, porous black ash requires
only breaking up into large pièces, so that it can
be handled; but dense, overheated or under-
heated black ash must be crushed to a coarse

powder, and even then is nothing like com¬
pletely exhausted, without reconverting much of
it to Na„S. It is, of course, the first requirement
that black ash should be completely exhausted,
that the liquor should be pure, and that it
should be as concentrated as possible. We have
seen above that this can be done only by work-
ing quicklyand at a moderate température. The
latter is specially required for weak liquor, which
is much more liable to act upon CaS than con¬
centrated liquor. The former should never be
hotter than 43°C., and is much better kept
between 32° and 37°C. ; the latter may get up to
60°C.

It is further necessary to disturb the solid
mass as little as possible, in order to prevent the
liquor from becoming muddy ; and, more parti-
cularly, any exposure of the wet solid residue
to the atmosphère must be avoided, because this
leads to a rapid oxidation of CaS, even as far as

CaS04, and a conséquent loss of soda.

The différent apparatus formerly employed
for lixiviating soda ash need not be described
here, as they are completely obsolète now. The
apparatus universally employed now was origi-
nally invented by Professor Buff, of Giessen, but
was apparently first employed in practice by
Dunlop, at St. Rollox, in 1843, and made its way
very slowly, first into Lancashire (about 1860) ;
in England it seems to have been dominant
about 1864, on the Continent ten years later.
Its prinoiple is : allowing the black ash to re¬
main in the same place, and causing the liquor
to circulate in a methodical manner, so that it is
brought up to concentration, and the black ash
is completely exhausted at the same time, with¬
out ever being exposed to the air. By this course
the liquors are much stronger and purer, and the
process is much less expensive than with the
plans formerly practised.

The way of carrying out the above principles
is shown in fig. 36. A number of ' tanks ' or
' vats at least four, but sometimes five, six, or
even more—is combined to form a set. The tanks
must be ail on the same level, and this should
be so far removed from the ground, by means of
pillars, that no leaks can occur without being
observed. They are made of cast iron, or, pre-

ferably, of wrought iron. Near the bottom there
is a row of T-pieces bb, for supporting the per-
forated plates cc, forming a false bottom. Whilst
the true bottom is often made to slope to one
side, where the outlet cock is placed, the false
bottom must be quite horizontal. Each of the
tanks contains two overflow pipes, one, marked e,
for weak liquor, and another, marked /, for
strong liquor. This is best seen on the section,
fig. 37. They are cast-iron pipes, a little wider
in the upper part, with a conieal plug fitting into
a seat bored out at the enlargement. Above the
plug-seat the pipe has a side-branch, bolted to
one side of the tank, where there is a correspond-
ing hole. The pipes pass through the false
bottom, and the liquor can enter into them from
below. If the plug is taken out, the liquor con-
tained in the eorresponding tank will rise from
its bottom in the pipe e and will overflow into
the next tank near its top, and thus a continuous
stream of liquor may be produced right through
the whole set of tanks. Where, however, it is
intended not to run the liquor upon the next
tank, because it is concentrated enoughto berun'
off, the pipe e will be kept closed and the plug
taken out of pipe /. Ail the pipes // are ar-
ranged on the front side of the set ; they are, on
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the outside, provided with swivel-pipes /', which,
when turned up, prevent the liquor from run-
ningout. Byturningthe branches/' downwards
at the same time as the plugs are taken out, the
strong liquor runs into the shoot i, and from
this into the well, from which it is pumped into
the settlers.

At some works there are coeks instead of the
swivel-pipes f ; at others the strong liquor pipes
// are omitted, and the strong liquor is run off
by means of the bottom-cocks g g, which must be
provided in any case ; but neither of these plans
can be recommended. The bottonr cocks g g serve
for running away the weak liquor previously to

Fis. 37.

casting out the solid waste. This liquor
on to a separate well, from which it may be
pumped into the water-conduit k, from which
the tanks are supplied by a separate branch
each. A spécial set of pipes serves for supplying
either steam or hot water, as the case may be.

The working of the tanks is carried on as
follows : supposing a tank a has been exhausted.
It is now filled with the solid residue, ' tank
waste,' and with a very weak liquor, standing
at about l°Tw., and containing, together with
some carbonate and caustic, also a considérable
proportion of Na2S. If it is run away, it causes
not merely loss, but also nuisance, and it should
therefore be used over again in lixiviation ; the
ïla2S will, later on, be removed by the carbona-
ting process. In any case, this weak liquor must
be run out of the tank by the cock g, whereupon
the waste is 1 cast,' unless the tanks are con-
structed for treating the waste at once by
Mond's sulphur-recovery process. The empty
tank should now be thoroughly cleaned and
washed out, taking out the false bottom, so
that the space underneath can be equally freed
from liquor and mud. The false bottom is now
replaced, and is first covered with a 3-inch
layer of furnace-cinders, freed from dust and
ashes by riddling. The remaining space of the
tank is now filled with black ash, using the
smaller lumps and the powder for filling up the
interstices between the large lumps. It is now
ready to be eonnected with the preceding tank b,
which in the meantime had been furnishing
strong liquor, but which must have gradually
gone down in concentration. When the hydro-
ineter shows, say, 42°Tw. (some stop at 46°Tw.)
the pipe / in tank b is closed and the pipe e is
opened, so that the liquor rising up from the
bottom of b flows over into a, and ' covers '

the freshly put in black ash. This should be
done completely ; any projecting pièces must be
pulled down with a hook, as the action of the
air is most injurious in the moist state (see
above). There will be a considérable rise of
température in a, especially if the black ash had
been put in warm, which is préférable ; but,
apart from this, the hydration of the anhydrous
salts, and the chemical reaction between Ca(OH),,
and Na2CO;) are ail accompanied by évolution of
heat. So long as this does not exceed 60°C.
it is harmless, and is even conducive to better
lixiviation.

The concentration of the liquor, of course,
rises at the same time, and this may be promoted
by allowing it to stand some time on the fresh
black ash before running it off ; but if allowed
to get beyond 57°Tw. it is liable to be contami-
nated by Na,S, and especially by the double com-
pound of FeS and NaS, which imparts a dark
yellow or green colour to it. This liquor is run
into 1 settlers,' and should be tested at least once
a day. The testing methods will be described
below.

We shall now look at the other end of the
sériés, for it is évident that the flow of liquor
from b into a must be produced by weaker liquor
flowing from the bottom of c on to the top of
b, and still weaker liquor from the bottom of
the last tank d on to the top of o, the whole
being started by fresh water running on to
the top of d. (During the time that one of the
tanks is being ' cast ' and refilled there is, of
course, only a set of three working at the same
time.) The water (mixed, as before stated, with
some of the waste liquor from a previous opéra¬
tion) is sometimes, in summer weather, em-
ployed at the ordinary température ; more
usually it is employed in a tepid state, but even
in winter it ought not to be warmer than 37°C.
The colder the water in the weak tank is kept
the purer the liquor will be, and the necessary
température is best imparted by injection of
steam just under the surface in the intermediate
and the strong tank.

The points to be attended to in lixiviation
are, first, the proper température of the water
running in and the liquor running out. Second,
the strength of the latter and its chemical com¬
position—that is, its détérioration in the process.
Third, the proper exhaustion of the black ash,
so that the tank waste does not contain more

than a minimum of available soda in the soluble
state. The insoluble soda, which may cause a
considérable loss, is not affected by the way the
lixiviation is conducted, but by the mixture of
raw materials for the black ash process, by the
quality of the mixing coal, &a. ; it can, however,
only here be tested for.

Testing methods for black ash, tank liquor,
and tank waste. In order to test black ash, a
sample consisting of several pièces of the bail
(which unfortunately can never be a real average
sample) is finely powdered, and 50 grms. of it
are digested with tepid water, free from oxygen
and carbonic acid ; the solution is made up to
500 e.c., and is now tested just like the tank
liquor obtained on the large scale. Sometimes,
previously to this, the muddy liquor is tested
without subsidence for free and total lime;
usually only the clear liquor is tested as follows;
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lst, for total available alkali, by means of
standard hydrochloric aoid and methyl orange ;
2nd, for caustic, by addition of barium chloride
and titrating with hydrochloric or oxalic acid
in the last case without filtration) ; 3rd, for
ulphide, by means of iodine ; 4th, for sulphate,

by means of barium chloride, either gravi-
metrically or volumetrically (the latter process
saves hardly any time in this case) ; 5th, for
total sulphur, by oxidising with bleaching pow-
der and estimating the sulphate formed ; 6th,
for chloride, by standard solution of silver ni¬
trate, after having exactly neutralised the alkali
by nitric acid and boiled away the H2S ; 7th,

for ferrocyanide, by means of Hurter's copper
sulphate solution. Tank waste is mostly only
tested for available soda by treating a solution,
obtained as previously described in the case of
blaek ash, with C02, boiling, filtering, and titra¬
ting the clear portion ; sometimes also for total
soda, including the insoluble portion, which is a
somewhat lengthy process. (Détails of ail these
methods in Lunge and Hurter's Alkalimakers'
Handbook, 2nd edit., p. 128 et seq.)

The following analyses by Jurisch (Chem.
Ind. 1S80, p. 441) show the composition of
revolver tank liquors (abridging the useless three
décimais to one) :—

Average of four months Highest figure Lowest figure

—

Grms. On 100 parts Grms. On 100 parts Grms. On 100 parts
per litre available soda per litre available soda per litre available soda

Total Na,0 . 188-0 198-4 168-9
Na20 as Na2C03 . 147-9 — 101-2 — 131-7 —

Na..O as NaOII 40-0 21-3 47-7 24-8 37-2 18-7
Na2C03. 252-9 — 275-6 — 225-2 —

NaOH . 51-7 — 61-6 — 4S-0 —

NaCl . 10-7 5-7 15-5 8-1 6-3 3-2

Na,S04 . 2-8 1-4 3-8 1-9 1-9 1-0
NaôSO, . 0-3 0-1 0-5 2-8 0-1 0-1

Nals.,0., 1-3 0-7 21 1-0 1-0 0-5
Nais" '. 4-1 2-2 5-0 2-7 2-9 1-6
Total Na2S04 calcul. 13-1 7-0 14-7 8-0 10-7 5-7
Total Na2S04 found 13-1 7-0 15-5 8-3 10-5 5-6

Na43?eCy„ 08 0-4 1-1 0-6 0-5 0-3

Si02, A1„03, Fe203. 4-7 2-4 5-6 3-0 3-8 2-1

A comparison between différent Systems of I stating grms. for each 100 grms. of available
working is afforded by the following figures, | soda (as Na2C03 +NaOH) in tank liquor :—

Muspratt
Kuncorn Soau and Alkali Works

Muspratthand

furnaces,
16 days'

revolvers,
30 days' Péchiney revolver Péchiney-Weldon
average

average highest lowest average highest lowest

Na.,0 as NaOH 33-6 21-3 13-3 15-2 S-5 19-1 21-5 15-2
NaCl .... 7-3 5-9

Na.SO, .... 6-0 1-7 4-1 5-4 2-8 3-6 4-5 3-2
Na„SO., .... 0-4 0-2 —

Na.,S..03 1-1 0-7 1-5 1-6 1-2 1-0 1-3 0-9
Na,S 1-4 2-1 1-4 1-8 0-9 2-2 3-0 1-9
Total Na.S04 cal. 10-9 6-8 9-5 10-6 7-8 9-4 10-8 8-0
Total Na„S04 found . 10-9 6-8 9-3 10-4 9-0 9-4 10-8 0-6
Na4FeCys.... 0-1 0-4 0-2 0-4 0-2 0-2 0-3 0-2
Si02, A1„031, Fe,Oj . 2-7 -2-4

Mixing proportions :
Saltcake 96 p.c. . 100 100 87-8 — — 100
Limestone 102-1 76 64-4 — — — 74-4
Coal .... 52-1 38 34-8 — — 41-9
Mactear lime — 8-3

Péchiney saltcake. — — 12-2 — — — 11-6 —

„ limestone dust — — 7-3 — — — 7-0 —

Sifted einders — 10

The tank liquor is always too muddy for im¬
médiate further treatment, and must be settled
first. This will cause the tank waste mechani-
cally carried away to subside ; at the same time

the action of the air, or of the fire-gases, if such
are passed over the settlers, will cause some of
the ferro-sodium sulphide to be decomposed, and
the FeS to be deposited along with alumina
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and silioa, partly or entirely in the state of
ckemieal eombination. This is a preparatory
action to tke carbonating proeess proper.

The settling tanks should be protected from
cooling down, othenvise much of the soda
would crystallise out in an impure state ;
for this purpose, and for a partial evaporation
and carbonation, tkey are sometimes arehed over,
and the waste fire-gases of some furnaces are
passed through. They must be either in pairs,
to be alternately filled and emptied, or, pre-
ferably, they are arranged lengthways, say for a
length of 100 feet, so that the liquor continu-
ously tiows through the whole sériés, but in so
slow a stream that the suspended matters have
full time to settle down, and the liquor issues at
the other end in a perfeetly elear state.

The clarified tank liquor is sometimes run at
once into the boiling-down pans, leaving any
further purification to the ' carbonating fur-
nace.' But this is deeidedly irrational ; the
iron, the sulphide, and if possible the ferro-
«yanide, ought to be removed beforehand.

The iron in tank liquors is principally in the
state of FeS ckemically combined with Na,S.
Sodium sulphide dissolves not meiwly ferrie
oxide, but also metallic iron (Scheurer-Kestner,
Bl. 36, 48).

The ferro-sodium sulphides, eompounds of
Na.S with FeS in various proportions, have
been investigated by several authors, especially
Kolb (A. Ch. [4] 10, 106). They are black,
and remain suspended, or perhaps dissolved, in
solutions of sodium hydrate or carbonate, which
are thereby ooloured from green to brown, ac-
cording to concentration. Their solubility in-
creases with the concentration and the heat of
the liquors ; it is lessened by the presence of
NaCl or Na2S04, and formerly this was some¬
times turned to practical account. The only
thorough rernedy is, however, found in destroying
the Na2S, which keeps the FeS in solution.
Many proposais have been made for this object ;
but most of these are more specially adapted
for purifying liquors intended for the manufac¬
ture of caustic soda, and will be described in
connection with the latter. Such liquors as are
intended for the manufacture of soda ash are

generally purified by carbonating—that is, treat-
ing tliem with C02 till the sodium hydrate and
sulphide are both converted into Na,C03, when
the FeS will be precipitated, and ean be removed
by mechanical means. This proeess seems to
have been first employed by Boeringer in 1838.

Carbonating tank liquors has the further
effect of precipitating the silica and alumina,
présent in the shape of sodium silicate and
aluminate. It has been observed by various
chemists that in this case distinct chemical eom¬

pounds of alumina and silica, sometimes double
silicates of sodium and aluminum, are formed.
It has even been noticed that the addition of
alumina in the shape of bauxite removes the
silica more completely (Eng. Pat. 1,161, 1881, of
Carey, Gaskell, and Hurter). There is also some
séparation of a sodium-calcium carbonate
Na2C03,CaC03 5aq, identical with the minerai
gay-lussite (Éeidemeister and Bammelsberg,
Monatsber. d. Akad. d. Wissensch. Berlin, 1880, p.
783), and of asilico-carbonate of sodium, calcium,
and aluminium: NalsCasAl2(Si,C)21Ofi3-l-30aq.

Stroof (W. J. 1872, p. 259) and Wright (C. N. 16,
17) have found aluminium-sodium silicates,
Scheurer-Kestner (Rép. Chem. appl. 3, 446) an
aluminium silicate, and Petersen (Ber. 5, 409)
normal sodium silicate, Na,Si03, 5aq.

The carbonie acid for this purpose is, of
course, rarely employed in the pure state, as it is
obtained by means of limestone and hydrochloric
acid. Usually lime-kiln gases, drawn off by a
pump, or even by a chimney, are employed ; some¬
times waste fire-gases are used, but as these
ahvays contain oxygen the action is more com-
plicated and there is more loss of soda, sinee
some of it is not converted into carbonate, but
into thiosulphate, and further on into sulphate.
The most convenient and at the same time the
cleanest way is to add a solution of sodium
bicarbonate till ail NaOHand Na2S are converted
into Na.,C03. Formerly this proeess was too
expensive, but at présent it might probably pay in
some places. It should, however, be noticed that
the reaction 2NaHC03 + Na2S = 2Na2C03 + H2S
is not completed instantaneously, but requires
some time and the action of heat.

Lime-kiln gases generally contain 20-25,
rarely as much as 30, p.c. C02 by volume, fire-
gases rarely above 10 p.c., unless they come from
gas-producers, when they may get up to 18 p.c.,
with only 3 p.c. of oxygen.

Where carbonic acid gas in a more or less
pure state is employed, this can be done in two
ways, either allowing the gas to act upon the
tank liquor, spread upon a large surface by
means of a tower or column filled with porous
material, or forcing the gas through a column
of liquor contained in a tank. The former plan
requires less force, but is not quite so efficient,
especially as far as the utilisation of the C02 is
concerned, as the latter, unless the carbonating
columns are made of a very large size. These
columns are made of iron, usually in a circulai-
form ; they are best fitted with inverted
flower-pots or other fragments of earthenware,
since coke is easily choked with the deposit
formed, and is not as easily cleaned again. It
has been observed that this choking takes place
to a very much smaller extent if the gaseous
current is passed from the top downwards, in
the same direction as the liquor flows.

A very efficient carbonating tower is made by
suspending, within an othenvise empty iron
tower, a large number of chains, or of wire ropes,
weighted at the ends, along which the liquor is
made to run down. thus presenting a large sur¬
face to the gas without much danger of choking
up ; this danger can be entirely prevented by
now and then shaking the chains, or blowing
steam through the tower.

Where it is preferred to force the carbonic
acid through the liquor itself, it is préférable to
employ two or three cylinders, about six feet
high each, and work them so that the partially-
spent gas passes through a freshly-charged
cylinder, and the fresh gas through the nearly
carbonated liquor.

The carbonated liquor must in any case be
freed from the newly formed precipitate by an-
other settling opération, altogether similar to the
first, before being run into the concentrating pans.

At some works they submit ail soda liquors
to the proeess of oxidation (p. 471 and 480).
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Removal of the ferrocyanide. Even carbo-
nating the liquor is not suffieient to remove the
iron completelv, sinee some of it is présent as
sodium ferrocyanide, whieh, in the opération of
ealcining, produces ferrie oxide, and thus stains
the soda ash, in whieh the presence of about
0'003 p.c. of iron is quite perceptible. If the
mixing contains very little nitrogen, or if the
conditions of the black-ash proeess are such as
to produce very little cyanide — e.g. by the
Péchiney-Weldonprocess—the quantity of ferro¬
cyanide formed is mostly so insignificant that it
can be neglected. But usually that is not the
case, and a proeess for freeing the liquors from
this impurity should be very welcome. T. "Wil-
liamson stated,in 1866, that it could be removed
by heating the strong liquor in a steam boiler to
155°C., when the sait is destroyed and the iron
separated in an insoluble form ; but the forma¬
tion of hard crusts at the sides of the boiler was

an inséparable drawback to his proeess, nor is
the décomposition of the cyanide complété at
that température.

Since the year 1878 the removal of the ferro¬
cyanide again attracted great attention. It be-
came much more urgent than before, because,

: on one side, the tendeney to the formation of
. cyanides is much greater in revolvers than in
hand-furnaees (owing to the better décompo¬
sition of the sùlphate), and because, on the
other hand, the consumers had become accus-
tomed to the very white colour of ammonia ash.
This led to a renewed attempt to purify the tank
liquor itself, by the proeess of Carey, Gaskell,
and Hurter (Eng. Pat. 2,939, 1879, and 5,310,
1882). It rests on the factthat the ferrocyanide
is destroyed, in the presence of sodium thiosul-
phate, at a température of 180°C. (corresponding
to a pressure of 10 atmosphères), probably by
the following reaction :

Na4FeCy6 + 6Na„S2Os + 2Na2C03 + H„0
6NaCyS + 6Na,SOs 4- 2NaHCOa + FeÔ.

If Na2S is présent, the FeO passes into FeS,
whieh settles out after some time. During this
proeess any alumina and silica présent are pre-
eipitated in the form of crusts whieh quiekly
stop up the pipes ; nor must the liquor be too
concentrated, because then Na2G03,ïï20 is sepa¬
rated in hard crusts.

The proeess is carried out as follows. The
tank liquor is thoroughly carbonated and oxidised
by injecting into it waste fire-gases, aspirated
from a revolver-chimney. This opération cou¬
verts ail the caustie soda into carbonate, pro¬
duces a certain quantity of bicarbonate, and
oxidises part or ail of the sulphide to thiosul-
phate ; it also précipitâtes ail the alumina and
part of the silica (nearly ail if bauxite had been
added on purpose, cf. above). The settled and
filtered liquor is heated up to 100°C., and is then
pumped through a superheater, consisting of a
coil of wrought-iron tubing, 2 inches wide, of a
total length of 1,200 feet, provided with a pres¬
sure gauge, indicating up to 40 atmosphères.
This coil of pipes is heated in a furnace, the
space inside the coil being filled up with a net¬
work of bricks, serving as a heat regulator. The
pressure is kept up by a valve loaded to 15 or 20
atmosphères ; the liquor must pass through from
the top downwards. After passing through the
superheater, the liquor must have another set-

tling before being run into the boiling-down
pans. Such a coil of pipes lasts a few months
before being stopped up with sediment inside
and burned outside. This proeess pays only for
the manufacture of1 crystal carbonate ' and similar
pure products.

Newall and Sisson (S. C. I. 1887, 349), who
make soda crystals direct from carbonated tank
liquors, remove the ferrocyanide présent in the
mother-liquor by agitating them with a zino
sait and blowing in carbonic acid at the same
time. Ferrocyanide of zinc is precipitated and
separated by a filter press ; it is deeomposed by
caustie soda, or by calcium sulphide. The result-
ing solution of sodium or calcium ferrocyanide
is utilised for the production of Prussian blue,
and the zinc oxide or sulphide is used over
again.

None of the above-mentioned processes re¬
move the sodium sulphocyanide, but this sait is
harmless, being destroyed in ealcining the soda
ash without leaving any eoloured residue.

According to Mathieson and Hawliczek (Germ.
Pat. 40,987, of 1887), soda liquors can be purified
both of cyanide and sulphide by treating black
ash in closed vessels with overheated steam.
At 300-500°C. the cyanide is deeomposed, with
évolution of ammonia, whieh can be recovered ;
at 550-650° the sulphide is deeomposed as well,
with évolution of H2S.

The concentration of tank liquor (whether
carbonated or not) always takes place in iron
pans, heated by the waste fire of the black-ash
furnaces. One kind of pan, that whieh is heated
by fire playing on the top of the liquor, has been
described above in connection with the black-ash
furnace. These pans are usually (but not ex-
clusively) employed for non-carbonated liquors ;
they work very economically, aud require hardly
any repairs, since the fire does not touch their
bottom, and the crusts formed there are not
excessively hard, but they have the drawback
that the liquor is contaminated by flue-dust
coming over from the black-ash furnace, espe-
cially also by partieles of saltcake mechanically
carried away, and that the sulphurous acid, never
absent in coal fires, causes a not altogether un-
appreciable loss of soda. There is also some
liquor carried away by the draught, in very small
drops.

There ought to be another pan, either above
the arch of the first, or elsewhere, heated by the
still existing heat of the fire-gases leaving the
principal pan, where the liquor is stored up for
feeding the latter, and where it at the same time
receives a final settling.

Before charging a pan, the flanges of the
doors are covered with lime-putty ; the doors are
put on and screwed fast. Even if the joints
should not be absolutely tight at first, they will
soon become so, and any liquor oozing out is
not lost, as it is caught in the drainer. The pan
is now filled nearly to the top, and as the liquor
evaporates, more is run in from the store-pan,
till the pan is filled with a thick magma of sait
and mother-liquor. Most of the sait forms near
the firebridge, where the liquor boils most
strongly, and the attendant must rake this away
towards the back end of the furnace. At the
end of the opération the screw bolts of the doors
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are loosened, the liquor is allowèd to run out,
and the pasty mass of crystals is raked out into
the drainer.

Where carbonating is done by sawdust, this
is mixed with the sait in the pans before pulling
it out into the drainers.

The ' black sait ' thus obtained is essentially
monohydrated sodium carbonate, with more or
less impurities, and more or less soaked with
mother-liquor. Where the latter is not treated
separately, but is always pumped back into the
pan, it is not of very much importance to take
it out of the black sait ; but even then it will be
best to drain the latter thoroughly, or even wash
it in order to obtain very strong ash, and confine
the boiling down of the mother-liquor to separate
pans, or to a separate division of the same pan
(cf. fig. 34). The draining can be greatly im-
proved by employing either a vacuum or a hydro-
extractoi;, and if necessary the same apparatus
can be used for removing the last portions of
mother-liquor by washing. In this way, with
good sulphate, good black ash, careful lixiviation,
and carbonated liquor, the greater part of the
soda can be obtained as so-called 57 p.e. (in
reality about 56 p.c.) alkali, along with some
weak alkali (48 to 50 p.c.). Where the mother-
liquors are converted into caustie, this is even
easier to attain.

Another kind of evaporation by open fire is
frequently carried out in France for obtaining
caustic soda ash. There is a reverberatory
furnace, covered by one or two pans, in which a
first concentration of the liquor to 60 or 62°Tw.
takes place, and from which the furnace is fed
when ready for a new charge. The furnace-bed
consists of fire-bricks or cast-iron plates, and is
covered with a thick layer of dried soda sait.
When empty this layer is levelled, and the
furnace is made very hot ; the liquor is then run
in gradually, so that it evaporates almost as fast
as it touches the bed, and a semi-fluid paste is
produced, which is constantly turned over. The
heating is continued at so low a température
(about the fusing point of lead) that the mass,
in spite of the caustic présent, does not fuse, but
is only dried. Such furnaces yield three or four
batches of 6 cwt. or a little more each per twenty-
four hours, with an expenditure of 80 parts of
coal for 100 of soda ash. The latter cornes up
to about 50 p.c. of alkali, by the English test,
with a proportion of about 1 Na„0 as NaOH to
4 of Na20 as Na,COs. This ash (sels caustiques)
is in great demand by soap makers and bleachers.

Pans heated by bottom fire are regularly em¬
ployé! for concentrating caustic liquors, and very
frequently also for carbonated tank liquors.
They suffer more by the fire, require more labour,
and turn out less work than ' open ' pans ; but
they keep the liquor purer, and are more easily
managed for separating the product into différent
qualities. They should be constructed in such
a manner that the sait eannot eollect on a sur¬

face touched by the fire, where hard crusts would
be formed, and the pan would soon be out of
repair. This is best attained by the ' boat-pans,'
as shown in fig. 38, where they are represented
as heated by separate fire-places (necessary for
part of the pans for concentrating caustic liquor).
These pans are made of cast iron, or, more
usually, of wrought iron. The sait collects in

the lowest part, which is not éxposed to the fire,
and is removed by ' fishing ' it out with a per-
forated spade. Fresh liquor is run in from time
to time, and the fishing is continued till the salts
cease to be pure enough for best alkali. The
mother-liquor is then either boiled down to dry-
ness in a dished furnace, and yields weak ash,
or, with uncarbonated liquors, caustic ash similar
to that obtained in the French furnace (but more
impure), or else it is worked up for 1 cream
caustic.'

It is possible by careful management of the
fishing opération to obtain salts of différent
strengths, ranging from the purest down to very
impure and strongly caustic ash, but it is hardly
worth while doing so, since two strengths, the
best and lowest, are quite sufficient, ail médium
strengths demanded being obtainable by mixing
these two.

By very spécial care the monohydrated sodium
carbonate, obtained in the evaporating pans can
be obtained pure enough for direct use, as 'crystal
carbonate.' We shall mention this in the sec¬

tion Soda crystals.

Fio. 38.

Mechanically-wcyrking pans liave been con¬
structed in great variety. One of the best of
these is Thelen's fishing-pan, figs. 39 and 40.
Upon the cast-iron semi-circular end plates the
shaft w rests on two bearings. To this shaft
the rods F are fixed, and are supporte! by stays ;
at their free ends they are provided with freely
hanging, slanting scrapers g. These, on passing
through the liquor, touch ail the parts of the
pan bottom, and move the sait towards the end,
where it is scooped out by another shovel, and
delivered over the side of the pan. Four pans
require only one attendant, and ^-horsepower
each for the stirring apparatus ; each pan, when
fed with previously heated liquor, turns out 18
to 20 cwt. soda sait per 24 hours.

Attempts have been made, apparently first
by Mr. John Dale, of Manchester, to utilise
tlie latent heat of the vapours evolved in boiling
down soda liquors, by making them work in a
second pan, with the assistance of a vacuum.
This principle, which had been known long be¬
fore, and has led to a very great economy in the
manufacture of sugar, seems to be less useful in
concentrating soda liquors, and seems to have
more drawbacks than advantages in this case,
so that it has not met with much success.

Contrary to the conditions of sugar-making, the
quality of the product is not improved by the
lowering of the températures produced by the
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vacuum. The sait adhères very strongly to the
pans, which cannot be as easily cleaned as open
ones ; and the advantage is not so very great
here, as there is generally enough beat to spare
from the black-ash furnaces to do the concen-

trating work for nothing. Only in the case of
caustie liquors this principle could be thought
of, and here the action of the liquor on the pans
is a drawback of some conséquence.

Concentrating soda (and caustic) liquors in a
vacuum has been patented by Buffet (Eng. Pat.
1,587, 1881). The apparatus consists of four
vessels working in a set like those used of old
for concentrating sugar liquor. The vacuum is
made so strong that the evaporation takes place
at 50°C. When the concentration has reached
36° Baumé, the carbonate liquor is run off to
crystallisation. Caustic liquor is concentrated

to 33°Baumê, and then conveyed into specially
constructed evaporating vessels, where the car¬
bonate salting out can be collected and removed
from time to time.

Finishing the soda ash. The ' black sait '
must be freed from the last molecule of water it
contains, and from any adhering organic im-
purities, by a calcining opération which in some

Fig. 40.

cases is combined with a carbonating action.
Where the liquor has been carbonated, the sait
merely requires drying at a moderate heat, and
ultimately bringing up to a red heat, but
no fluxing need be apprehended, and the opéra¬
tion, which is always carried out in an ordinary
reverberatory furnace, called ' finishing fumace,'
is very simple.

Non-carbonated salts, roughly mixed with
sawdust as they are inade on the Tyne, require
mucli more care and experience. The opération
of finishing is here called ' carbonating,' because
the caustic soda, as well as the sulphide, must be
converted into carbonate in the furnace itself, by
means of the carbonic acid yielded by the burn-
ing sawdust.

The furnaces are double-bedded, and hold
from 15 to 17 cwt. of soda ash on each bed ; it
takes about 5 or liours to finish a batch, so
that one carbonating furnace suffices only for
one ordinary bail furnace. The sait is first
dried at a very low heat, and the fire is then
raised very gradually, so that the caustic and
sulphide do not fuse, which would impede the
action of the air. Thelatteris needed for burn-
ing the charred sawdust, and must be promoted
by constantly turning over the mass, so that at
last ail charcoal is burnt away and the mass
is ' cleaned.' If this is done too quickly, the
CO., formed goes away without carbonating the
NaÔH and Na2S. Unless there is a great excess
of air présent, there will be even a fresh forma¬
tion of Na„S from Na2S04. At last the mass
is brought to a higher heat, but, if it is more
caustic than usual, it does not stand this with¬
out softening. Only then the ferrocyanide is
destroyed, and the Carbon now produced can
hardly be entirely burnt ofl'. The ferrie oxide
produced from the ferrocyanide and ferro-sodium
sulphide colours the product yellow, and black
spots, from unconsumed carbon, are always pré¬
sent in great quantity. At the best, with good
liquors and careful work, the sulphide can be
destroyed by conversion into Na2S04, within a
hardly appréciable fraction, but only exeep-
tionally the NaOH will be brought down below
2 p.c. of available alkali. Altogether the pro-
cess of ' carbonating ' in this manner must be
pronouneed a very irrational one, although prac-
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tical experience has brought it to comparative
perfection on the Tyne. The réactions taking
place in boiling down pans and carbonating
furnaces of the Tyneside type have been inves-
tigated by Moorhouse (Trans. Newcastle Chem.
Soc. 1S71, p. 17).

The opération of finishing the soda ash is an
entirely mechanical one, even including that of
carbonating, wherever this is necessary. After
several unsuccessful attempts in this way,
Mactear, in 1876, constructed a mechanical car¬

bonating furnace which seems to have solved
the problem. It eonsists of a horizontal circulai-
revolving hearth, 20 feet in diameter, made of
boiler-plate lined with fire-brick. It is fixed on
a frame fitted with wheels, arranged to run on a
circulai- tramplate beneath the furnace. It is
covered by an arch, in which openings are pro-
vided for charging the furnace. A double tire-
place is built at one end, and a double exit flue
at the other end. The discharging takes place
by a cylindrieal opening in the centre, which is
closed by a cylindrieal iron valve, jacketed with
fire-bricks, and worked from a correspondingly
fitted opening in the centre of the roof. Be-
tiveen the two exit flues, and out of the range of
the tire, a stirring apparatus is at work, com-
prising a set of forks, fixed to the lower end of
vertical shafts which are held in a frame and
are geared together by spur-wheels at their
upper ends. The whole stirring apparatus ean
be raised or lowered by a single movement. The
finished charges are pushed towards the central
discharge opening by a mechanical arrangement.
The connection between the roof and the revolv¬
ing hearth is made airtight in this way, that
the vertical fiange of the circular girder, sup-
porting the roof, dips into a gutter, formed out-
side the rim of the furnace-bottom, and filled
with loose soda ash or sand.

The soda ash is thoroughly and continuously
turned over every time the slowly revolving fur¬
nace-bottom passes underneath the stirring ap¬
paratus. It is thus possible to get the caustic
down to 0-25 p.c. of NaOH, against the usual 2 p.c.
A charge of 3.1 tons can be turned out in 6 or 7
hours ; the usual turn-out is from 90 to 110 tons
in six days. The coal required is 40 p.c. of the
weight of the soda ash, without reckoning the
steam. There is no saving in fuel as against
the hand furnaces, but a considérable saving in
labour, compared with the Tyneside carbonating
furnaces, six of which are replaced by a Mactear
carbonator, and the product of the latter is
much superior to that of the former. Where
the tank liquors have been carbonated by gas,
the advantage of the Mactear furnace is much
less conspicuous.

Stuart (S. C. 1.1884, 607) mentions as a draw-
back of mechanical earbonators that many fluxed
pièces are formed, which give much trouble in
dissolving the soda ash for making crystals. On
the other hand, the ash is better carbonated, it
stands more tire in finishing, so that its colour
is very much improved, and the oxide of iron is
made so dense that it settles out completely in
dissolving, and good soda crystals are produced
from it very easily. The ash being more dense,
there is a saving in casks. The labour is ls,
per ton as against 3s. in hand furnaces, but
since 8|ii. has to be spent in repairs, and there

is more interest on plant, the direct saving by
mechanical earbonators is only ls. per ton.

Sometimes soda ash is not calcined at ail in
the proper sense of the word, but is merely
dried at such a température that any ferro-
cyanide présent is not decomposed—that is, at a
beat not exeeeding 150°C. This can be done,
for instance, in D-shaped iron retorts, heated by
the fire-gases coming from the boiling-down
pans, without any expense for fuel. If the
liquor liad been thoroughly carbonated, so that
no Na2S wliatever is présent, the above-men-
tioned process yields a product of great white-
ness ; the slight proportion of ferroeyanide pré¬
sent is not discoverable by its colour, and is
harmless for almost every use of soda—except,
perhaps, for glass-making.

Another way of drying soda ash is employed
by Hasenclever, at Stolberg, viz. a cast-iron
pan, similar to Thelen's evaporating pan (cf.
above), but here the scrapers, instead of re¬
volving, only oscillate, to avoid dusting, and
thus gradually move the sait from one end of the
pans, where it is introduced, to the other end.
Here it is mechanically scooped out, and is di-
rectly charged into the mill, from which (after
automatic sifting) it falls into the casks. Such
an apparatus dries and grinds 10 tons of soda
ash in twenty-four hours, with an expenditure of
lf-2 cwt. of coals and lOi. wages per ton (Chern.
Ind. 1880, 240).

Refined alkali. Where the tank liquors are
carbonated, and are well settled both before and
after this opération, the soda ash obtained on
calcining the fished or drained sait is of a white
colour, and of sufficient purity for every prae-
tical purpose. But where the carbonating is
effected by means of sawdust, leaving con-
sequently ail the iron and a good deal of caustic
in the ash, and adding to it the impurities of
the sawdust, the resulting ' yellow carbonate '
is not always sufficiently pure, and it is, there-
fore, sometimes subjected to a process which
yields ' refined ' or a white ' alkali.'

For this object the soda ash is dissolved in
hot water, sometimes with addition of a little
bleaching powder, and freed from insoluble
impurities by settling, exactly as will be de-
scribed for the manufacture of soda crystals.
The iron, which has been converted into oxide
in the calcining process, is left in the sédi¬
ment. The clear liquor is boiled down in pans,
similar to those employed for tank liquor. Where
(as is usual on the Tyne) for this purpose
pans heated by top fire are employed, the fuel
must not be raw coal, on account of the soot
and flue-dust, but coke, and experience has
shown that it is best to lise long pans, say 24 to
27 feet in length, with a coke-fire at each end and
an exit flue in the centre. The liquor is boiled
down to the consistency of mortar; the sait
drained from the mother-liquor is calcined in
an ordinary ' finishing-furnace,' and, after
grinding, is ready for the market. The loss in
this opération should not exceed 5 p.c. of the
weight of the soda ash.

' White alkali ' should have no yellowish
shade, and exhibit no black spots ; it should dis¬
solve completely, without any residue, and con-
tain no trace of sulphide or sulphite, or of iron ;
the caustic, if présent at ail, should not exceed
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a fraction of a per cent. Although its manu¬
facture is seemingly a very simple one, it never-
theless requires very great care and attention,
and does not yield satisfaetory results in every
case.

Pkopeeties and Analysis on Soda Ash.

Ordinary commercial soda ash should be
neither yellow nor reddish, although it is never
as white as ' refined alkali,' and, after grinding,
should show but few black or red specks. Some-
times it has a blue shade, probably from sodium
manganate. Grey ash is badly carbonated and
calcined. It should not contain more than 2 p.c.
Na,0 in the state of caustic, except when spe-
cially manuîactured as ' caustic soda-ash ' (v.
supra). Sulphide ought not to be présent at ail ;
sulphate only in traces. The insoluble sub¬
stances should not exceed 1, or at most 1*5, p.c.
They consist of calcium carbonate, with a little
silica, alumina, and iron. The moisture in fresh
soda ash does not exceed j or J p.c.

Caustic ash has been mentioned above (p.
472) as produced by the French process of direct
evaporation in furnaces. It is also produced in
the manufacture of caustic soda (cf. infra).
Mathieson and Hawliczek have constructed an

apparatus for manufacturing it from ordinary
soda ash and sodium hydrate solution (Eng.
Pat. 5,757, 1837).

Formerly, before ail the opérations of alkali
manufacture were sufficiently perfected, 48 p.c.
ash was a very ordinary average, and this has
remained the standard of comparison for many
English alkali Works up to this day, although it

Soda ash is nearly always ground, mostly in
horizontal mills, fitted with blue lava stones,
and is packed in casks holding from 12 to
20 cwt. The latter weight can be obtained only
by means of mechanical packing machines ;
this is done not merely to save casks, but espe-
cially to reduce the bulk for oversea carriage.

The commercial value of soda ash is princi-
pally expressed by its alkalimetrical degree.
This is always tested in the same way—viz., by
neutralising the soda with standard acid, which
acts not merely upon Na2C03 and NaOH, but also
on sodium silicate and aluminate. But the resuit
of the test is expressed diiîerently in différent
countries. The alkametrical degrees in England
mean the percentage of available soda expressed
as Na.,0 ; in Germany as Na2COs (whether that
or NaOH isre.allyprésent) ; in France they mean
the parts of real sulphuric monohydrate H2S0,
required for neutralising 100 parts of the soda
ash (Descroizille's degrees). Chemically pure
sodium carbonate would show 58-49 English, or
100 German, or 92-45 French degrees. Very
frequently, though, the English degrees are not
calculated upon the real équivalent of sodium
carbonate, which is 53, but upon the arbitrary
figure of 54 (Newcastle degrees), and sometimes
the déviation is even larger. The following
table will allow these various désignations to be
compared with one another :—

would be much more rational to reduce ail pro-
ducts of the alkali manufacture to pure sodium
carbonate (58-49 English degrees), as is usual in
Germany. Nowadays any of the well-conducted
works get an average of at least 52 p.c., and the
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best-managed get up to 54p.e. or even 55 p.c., some
of it in tlie shape o£ 57 p.o., and the remainder of
lower strength. According to the requirements
of buyers, any strength below the highest is ob-
tained by adding eommon sait to the soda ash,
preferably in the drying opération.

As stated above, the alkalimetrical degrees
.comprise carbonate, caustic, aluminate, and
silicate. There is, moreover, always some
sodium présent as sulphate and chloride. The
former may amount to from 2 to 8 or even
10 p.c., the latter from 1 to 3 p.c. These consti-
tuents are usually not estimated, as they have no
injurious effect, except in lowering the alkali¬
metrical degree.

Testing soda ash. As a rule, soda ash is
merely tested for ' available alkali.' Since a
small sample may not exactly represent the
average, it is convenient to weigh out 15-5 grms.,
dissolve in a 500 c.c. flask, and to take for each
test 50 c.c., which is sometimes done without
filtering (in which case the calcium carbonate,
&c., is erroneously calculated as alkali). The
standard acid is preferably normal hydroehloric
acid, standardise! both with pure sodium car¬
bonate and with silver nitrate. The best in-
dicator is methyl-orange, which is used with
cold liquors ; if litmus is used as indicator, the
liquid must be kept boiling for some time, and
errors may be caused by alkali taken up from
the glass beakers or flasks.

Sometimes a complété analysis is ■ required,
in which case the insoluble residue, sodium hy¬
drate, sulphide, sulphite, sulphate, chloride and
iron must be estimated (détails in Lunge and
Hurter's Alkalimakers' Handbook, 2nd edit., p.
13S).

Yiéld and losses. 100 parts of pure sodium
sulphate is équivalent to 74-65 of pure Na2COs,
or 43-60 of Na20. 96 p.c. sait cake would thus
correspond to 71-66 Na.,C03 or 41-91 Na20 ; but
the highest actual yield, as far as it can be reliably
ascertained, does not exceed 36-5 Na20, and this
is but rarely attained. A loss of 15 p.c. of soda
must be ealled a very good practical resuit ;
usually it is nearer 20 p.c.

The causes of this loss have been investigated
by several authors.1 They are the following.
Some sulphate is carried away mechanically
by the draught, and is found in the flues
both of the black ash and the finishing
furnaces. Some sait is also aetually volatilise!
in the furnaces, and some is absorbed by
the furnace bottoms, &c. The sulphate is never
quite completely converted into carbonate ; with
mechanical furnaces this loss is much smaller
than with hand-worked furnaces, where it may
amount up to 9 p.c. of the sulphate. Even more
sulphate is generally re-formed during the keep-
ing of the black ash, and in the lixiviating pro-
cess, partly passing through the stage of sulphide.
A small quantity of sulphite, ferrocyanide, &c.,
is also regularly formed. Considérable loss is
experienced by the impossibility of extracting
even ail the soluble sodium salts of black ash,
and by the constant occurrence of insoluble
sodium eompounds of various kinds (cf.
supra). The latter source of loss becomes ail
the greater the more limestone is employed in

1 Hargreaves, C. H. 15, 219 ; Wright, ibid. 259 ; Mactear,
ibid. 25, 51; Scheurer-Kestner, 0. E. 70, 1,352 ; 75, 1,184.

mixing, and the more ashes the mixing coal
contains, and it may be very serious.

Some loss of available sodais also occasioned
by the fact that the sulphurous acid contained
in the fire-gases acts upon the sodium carbonate
in boiling down and calcining. The amount of
this loss has been investigated by Pratt (S. C. I.
1885, 167), but Naef (D. P. J. 256, 513) doubts
the correctness of his figures.

Soda crystals. Eor some purposes soda is
required not in the calcined form, as soda ash,
but in the crystalline form, in which it contains
10 molécules of water. Although soda crystals,
if chemically pure, contain only 37-08 p.c. of an-
hydrous sodium carbonate, or 21-71 p.c. of avail¬
able soda (Na20), and thus cost much more than
their équivalent of soda ash for packages and
carriage, they are preferred to the latter in some
cases, for the following reasons ; while soda ash
is a more or less white powder, whose value can-
not be recognised at a glance, and which may
contain more or less useless, or even injurious,
impurities, soda crystals by their very appear-
ance seem to guarantee to the buyer a product of
sufficient purity and of uniform strength. Their
greatest recommendation for household use, as
well as for the scouring of wool and some other
purposes, is their absolute freedom from caustic,
which is very injurious both to the skin and to
the fabrics to be washed or scoured. Eor ail
manufaeturing purposes soda crystals are now
advantageously replaced by ammonia-soda, which
is equally free from caustic, and is also of
guaranteed uniform strength ; but for household
purposes the ordinary soda crystals are likely
to retain their hold, and are consumed in very
large quantities as ' washing soda,' and under
various fancy names.

Soda crystals are but rarely obtained directly
from tank liquors, even when these have been
carbonated, apart from the case of ' crystal car¬
bonate ' (comp. this). It is asserted that soda
crystals, when made directly from tank liquor
(even if by very great care they have been ob¬
tained sufficiently pure), are too soft and difficult
to sell. The writer has, however, convinced
himself that at St. Gobain they are regularly
made direct from the tank liquor, after having
first oxidised and then carbonated it.

The usual way of preparing them is to dis¬
solve calcined soda ash in hot water, separate
the insoluble impurities by a settling process,
and cool down the liquor. The soda ash em¬
ployed need not be of first-elass quality, as the
impurities mostly remain behind, either in the
sediment or in the mother-liquor, but it should
be entirely free from sulphide, and should con¬
tain a maximum of 2 p.c. Na20 in the state of
caustic soda—preferably less. Caustic soda does
not crystallise, and seems to impede the crystal-
lisation of some of the carbonate, so that the
yield is very much impaired ; apart from that,
caustic and sulphide give badly settling liquors
and coloured, impure crystals.

Dissolving the soda ash (which can be em¬
ployed in the unground state) is carried on in
several ways. At smaller works it is done by
suspending, within an iron tank provided with a
steam pipe, a perforated iron box, which dips
just below the surface of the liquor in the dis-
solver. The latter is filled with hot water, and
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soda ash is thrown into the box, not too mucli
at a time, so tkat the solution formed sinks down
and is replaced by non-saturated liquor. At
larger works cylindrical pans, with mechanical
agitating gear, are employed—also keated by
steam. These do the work muck more expedi-
tiously. There are also various plans for con¬
tinuons work, where solid soda ash is introduced
on one side and saturated liquor is run off on
the otker side.

The strengtk of the liquor in the dissolvers
is broughtup to 60° or 6I°T\v.,measured hot ; in
the settlers at 35°C., it is 66° or 67°Tw. In the
case of soda containing an appréciable quantity
of sulphide, or of ferro-salts, a little bleaching
powder is put into the dissolver, which removes
those impurities by oxidation, but naturally
causes a loss of soda, as the calcium is entirely
precipitated by the latter in the state of car¬
bonate. The soda crystals made in this way
sometimes pertinaciously retain a smell of chlor-
ine (caused by the presence of sodium hypo-
chlorite). It is therefore best to avoid this re¬
agent ; a small quantity of other oxidising
substances—e.g. Weldon mud—will effect the
purpose better.

The liquor must now be elarified by settling,
and this must be done in such manner that
the température never sinks low enough to
allow the soda to crystallise at this stage.
This is greatly facilitated by the fact that the
maximum solubility of the decahydrated sodium
carbonate is at 34°C. ; if therefore a strong solu¬
tion is made at a boiling heat, it has no tendency
whatever to crystallise until it has got below
34°C. Hence it is generally sufficient to surround
the settlers by bad conduetors of heat ; but at
some works they are actually heated by fire-
flues, carried round their sides, but not under-
neath their bottom, because that would impede
the settling. The settlers may be ordinary tanks
of various forms, provided with a tap, or, pre-
ferably, with a drop-siphon, for running off the
clear liquor. Or else they are arranged as de-
scribed above in connection with the opération
of carbonating the liquor—that is, in such num-
ber and of such length as to allow of continuous
action, so that muddy liquor enters at one end,
and completely clear liquor runs out at the other
end.

The settled liquor is now run into the ' erys-
tallising vessels,' or ' coolers ' (sometimes called
'

cônes '). Formerly, in England, conical cast-
iron pans were used, or such made in the shape
of segments of spheres, about 9 feet wide and 2
feet deep, each of which yields 20 to 25 cwt. of
crystals. Later on vessels have corne into use
of a nearly square section, with rounded corners,
the bottom sloping to one side, with a plug-hole
at the deepest part. When made 8x9x1 feet,
they weigh a little over 4 tons, and yield nearly
lj tons of crystals each.

The coolers are placed in two or more rows
in a shed, kept airy by lattiee-work ; a gutter for
the mother-liquor runs between two rows at the
bottom, and an iron shoot runs at the top for
eharging the coolers with fresh liquor. After
the coolers have been filled, several strips of
sheet iron are laid over them at right angles to
each other, forming a framework to which the
crust forming at the top can attach itself, so that

very large and fine crystals are formed here.
These are always cleaner than those forming at
the bottom of the coolers.

In coolers of the size described the erystal-
lisation is finished in about a week in winter, or
a fortnight in summer, and in the latter season
the yield is always much less, since more alkali
remains in the mother-liquor. When the cool-
ing is complété, the top crust is broken, the
plug is loosened, the mother-liquor is run out,
the crystals are detached from the sides and
drained in the vessel itself. Then, or after hav-
ing been exposed to the air on wooden benehes
for 24 hours, they are packed into casks without
further drying.

At other works (especially on the Continent)
the crystallising vessels are large wrought-iron
boxes of various sizes, about 2 feet deep. In
lieu of the network of hoop-iron on the top, there
is a number of strips or rods of iron perpendi-
cularly suspended in the liquor, reacking to
about six inches from the bottom in order to
form a support to the crystals.

In France it is very usual to employ small
iron pots, 14 to 18 inches wide and 8 inches
deep, of which there are sometimes thousands
placed on a wooden framework. They are filled
by means of an india-rubber tube. The crystal-
lisation takes one, or at most two, days (in sum¬
mer those factories do not work at ail). When
it is finished the top crust is broken, the
mother-liquor is drained off by tilting the whole
pot on one side, the pots are then held for a
moment in a hot-water pan, till the firmly ad-
hering cake of crystals has been loosened, and
this cake is now tilted out, drained for twenty
four hours and dried in stoves kept at a tem¬
pérature of about 20°C.

Commercial soda crystals are not altogether
pure, but they usually eontain from ^ to 1 p.c. of
sodium sulphate and up to J p.c. of chloride.
They are sometimes adulteratëd with Glauber's
salts, specially manufaetured in 1 soda-fashion,'
and it is said that now and then Glauber's salts
are vended as ' best Scotch soda,' but it is kardly
crédible that such a gross and easily diseoverable
fraud is frequently committed. On the other
hand, it is a fact that crystals made from the
very purest carbonate, e.g. ammonia ash, do
not turn out so well as those made from liquors
in which there is enough sodium sulphate to
leave about 1 p.c. of it in the crystals.

Mactear (Eng. Pat. 10,651,1884) has construc-
ted an apparatus for obtaining soda crystals in a
granular form, by subjeeting the solution during
erystallisation to the combined action of cooling
by cold-water action from the outside, and
mechanical agitation.

In another patent (Eng. Pat. 1,989, 1886) he
describes compressing those granular crystals
into the shape of tablets, cakes, or blocks, most
conveniently of a rectangular form, so that
they can be packed without waste of space.

The mother-liquors from the crystals are
boiled down exactly like ordinary soda liquor,
and calcined ; they yield very white alkali, but
of low strengtk. Such ' mother alkali ' made
in winter generally contains about 30 p.c. avail-
able Na20, in summer from 40 to 45 p.c. (in
France 55° Descroizille). There is, of course, a
large quantity of sulphate and chloride présent,
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and kence tkis product, in which only tke car¬
bonate is paid for, is in great demand by glass
makers.

The yield from 100 tons <of 52 p.c. soda ash,
dednoting the mother alkali (i.e. not including it
in the 100 tons), at well-conducted English
■works ranges from 233 to 237 tons of crystals,
from 100 tons of ash, 11 tons of mother alkali,
of an average strength of 36j p.c. Na20, is ob-
tained.

On the Tyne erystal soda is sold by gross
weight—that is, not deducting the tare of the
casks. This makes a différence of 7£ p.c. com-
pared with net weight.

Crystal carbonate. This is the name given
by Messrs. Gaskell, Deacon & Co. to a very pure
monohydrated sodium carbonate, Na2COs,H20,
obtained by direct evaporation from tank liquors,
thoroughly carbonated with addition of bauxite,
and afterwards purified from ferrocyanide by
superheating to 180°C., as described above (p.
470 and 471). This substance is absolutely free
from caustic, silica, and alumina, and is alto-
gether far superior to ordinary soda crystals, not
merely in strength, but also in purity, as shown
by the following analyses :—

Soda Crystal
crystals carbonate

Sodium carbonate . 34-22 82-90
„ hydrate 0-10 0
„ sulphate . 2-54 trace
„ chloride . 0-27 trace

Water .... 62-84 17-00

99-97 99-90
Total soluble impurities

on 100 carbonate 8-21 0-12
Water on 100 carbonate . 183-64 20-50

Crystal carbonate dissolves in water mucli
more easily than ordinary soda crystals, because,
instead of lowering the température, it slightly
raises it in the act of solution, and because its
grainy texture offers a much larger surface to
the water than soda crystals do.

One ton of crystal carbonate contains as
much alkali as 48 cwt. of soda crystals, and
occupies only 65 cubic feet against 150 cubic
feet occupied by 48 cwt. of soda crystals.

Bicarbonate of soda. We treat in this place
only of the manufacture of bicarbonate of soda
from soda crystals, leaving aside its manufac¬
ture as an intermediate product in the ammonia-
soda process, which will be described further on.

On the small scale—e.g. for pharmaceutical
purposes—sodium bicarbonate is sometimes ob¬
tained by passing carbonic acid into a cold
saturated solution of sodium carbonate. The
bicarbonate, owing to its lesser solubility, is pre-
cipitated in a crystalline form. Most of the
bicarbonate found in the trade (apart from that
which is made by the ammonia process) is,
however, obtained by treating solid crystal soda
with carbonic acid gas. This is specially the
case with that sold as baking powcler, which is
the principal application of this article.

The carbonic acicl is sometimes obtained
from the volcanic exhalations containing this gas
in a very pure state and in immense quantity ;

that occurring in the Brohl valley on the Iîhine
is actually utilised for this purpose. Elsewhere
the gas given ofi in the fermentation of saccha¬
rine liquids is used in the same way.

The gas obtained on burning lime or coke,
which is quite suitable for the carbonating of
tank liquor (cf. p. 470) is not adapted for the
manufacture of solid sodium bicarbonate, even
if purified from S02, soot, &c., by washing, be¬
cause it is too much diluted by nitrogen, <&c.,
which prevents the saturation of the soda with
C02.

Nearly ail bicarbonate is made with com-
paratively pure carbonic acid, obtained by dis-
solving limestone in dilute hydrochloric acid, 1 to
7°Tw., such as formerly was run to waste in many
alkali works, especially where sait was decom-
posed by means of open roasters. The apparatus
used for this purpose is simply a stone tank,
similar to a chlorine still, which is filled with
limestone ; the hydrochloric acid is run in by a
pipe reaching nearly down tô the bottom, and
the chloride of calcium solution is run off con-

tinuously by an overflow pipe near the top.
The supply of acid is so regulated that the
liquor running off at the top is almost or en-
tirely neutral. The carbonic acid gas is con-
veyed away by a pipe in the cover of the tank.

The soda commonly employed is in the state
of ordinary crystals ; those of yellow colour or
otherwise inferior quality can be utilised quite
well here. They are exposed to the action of
the gas in apparatus of various shapes, made
of brickwork, wood, or preferably of iron, hold¬
ing up to 60 tons of crystals. They are connected
in such way that the gas passes from one charn-
ber to another. Large doors serve for eharging.
and emptying. A false bottom, made of laths,
is laid down inside, below which the gas enters
and above which the crystals are put up in régu¬
lai- layers. The space below serves for holding,
the abundant drainage of mother-liquor caused
by the fact that nine of the ten molécules of
water of crystallisation are set free :

Na2CO3,10H„O + C02= 2NaHCOs + 9H..O.
This liquor dissolves the small quantity of foreign
salts and other impurities contained in the-
crystal soda, and runs off through a U-tube
fixed in the chamber bottom. The end of the
process is indicated by the stoppage of this flow,
which generally oceurs in from six to nine days.
This liquor, on boiling down and calcining,
yields very white soda ash of about 36° p.c..
Na20.

Other tests for the end of the process are :
pushing an iron bar through a hole in the side
of the chamber, and trying whether it can be
got as far as the centre of the chamber without
being stopped by hard crusts of soda. Also,
dissolving a sample taken from the interior in
water and adding mercuric chloride, which ought
to produce only a white cloud, not a yellow pre-
cipitate.

On opening the ehambers the bicarbonate is
found apparently in the shape of the crystals
originally charged, but in reality only as a loose
powder. It is very damp, and must be dried in
stoves heated to a température not exceeding
45°C. Dry and warm carbonic acid, if not too
expensive, would greatly expedite the drying,
which generally lasts eight or ten days.
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Tlie dry bicarbonate is ground to a very fine
powder, as fine as fiour, taking care lest the mill
gets hot, in which case the bicarbonate loses CO„.
It is packed in barrels holding exactly 1 cwt.
net weight.

The ordinary yield is 50 per cent. o£ the weight
of the crystals employed.

A totally différent process from that formerly
employed is that of Carey, Gaskell and Hiirter
(1881 and 1882). It is principally based on the
employment of the ' crystal carbonate ' previously
deseribed (p. 478), which is exposed in a revolv-
ing eyiinder to the action of pure earbonie acid,
entering at one end and escaping out of the
other ; after being passed in a pipe upwards, say
30 feet, and down again, it is sufficiently deprived
of moisture, and is re-introduced into the first
cylinder, or else into another eyiinder. A eyiin¬
der of 8 feet length and 5 feet 6 inches wide
contains a charge of 1J tons, and produces 2 tons
of bicarbonate. It is movable on hollow j ournals ;
gas-pipes pass through these, and upwards in-
side the cylinder, so that they are not stopped
up by the sait. By taking the exit pipe upwards
for about thirty feet and down again, and thus
evolving the gas, a différence of température is
produced which effeets a sufficient circulation of
the gas, while at the same time the excess of mois¬
ture is condensed, and the water is run ofï before
the gas passes again into the cylinder. This cir¬
culation is in practice best promoted by mechani-
cally pumping the gas back again. The tem¬
pérature rises very much during the absorption,
but the cooling action of the air keeps it down ;
practically, the bicarbonate made in this way—
that is, under a certain pressure—is very strong,
containing about 97 p.c. real NaHC03, against
87-90 p.c. in the old process. The moisture
must be regulated ; if the mass becomes too dry,
the earbonie acid introduced must be moistened
by means of a small coke tower. With the pro-
gress of absorption the température falls again,
and it is finished in five or six hours.

The patent contains also provision for employ-
ing .impure earbonie acid, by passing the gas
through a sériés of absorbing cyïinders ; but this
process does not seem to be in praetical use.
Anhydrous monoearbonate can also be used
(Eng. Pat. 2,876, 1882) by introducing steam
together with earbonie acid.

The bicarbonate made by this process had
almost superseded that made by the old process,
when it was itself displaced by the bicarbonate
made in the ammonia-soda process. This for¬
merly could not be immediately employed for use
as baking powder, &o., owing to the ammonium
compounds it contains. Mond and Jarmay (Eng.
Pat. 2,996 of 1884) purify it by dissolving it in
water at 65°C., which is best done in an atmo¬
sphère of C02 and under pressure, decanting or
filtering, cooling down, and ' centrifuging ' the
crystals. The cooling is done continuously by
conducting the solution through a sériés of pans,
so that the bicarbonate separates out in a granu-
lar form. The mother-liquor is used over again,
till too much ammonia accumulâtes, when it is
worked up in différent ways. Watts and Bichards
(Eng. Pat. 10,955, 1886) promote the séparation
of the bicarbonate crystals by adding common
sait. Gaskell (Eng. Pat. 11,775 of 1884)
purifies such bicarbonate by heating the solid

sait in an atmosphère of earbonie acid, in order
to drive off the ammonia without losing any
C02.

The bicarbonate recently found in trade often
contains ammonia, also thiosulphate ; this eau
be recognised (Salzer, Ar. Ph. [3] 24, 761) by
adding iodine solution, which should not be de-
colourised. (This test is uncertain, since Na2C03
will do the same.)

Mathieson and Hawliczek (Pat. No. 150,
1886) préparé pure sodium bicarbonate from
black ash, crude sodium sulphide, or crude
bicarbonate, as obtained in the ammonia-soda
process, by dissolving those produets in a solu¬
tion of sodium chloride of from 16 to 19 p.c.,
and treating the solution with carbon di-oxide,
whereby nearly ail the bicarbonate is precipi-
tated in a crystalline form. When filtering it
by means of a vacuum filter or hydro-extractor
and washing it with a small quantity of water,
the bicarbonate is said to be obtained nearly in
a chemically pure state. With impure materials,
as black ash or crude sodium sulphide, the C02
first précipitâtes iron, alumina, and silica, and
these are separated by filtration before precipi-
tating the bicarbonate itself.

The principal use of bicarbonate is as baking
powder, and most of it is exported to America
for this purpose. It is used either by itself, or
mixed with a solid organic acid or an acid sait ;
but these mixtures are soon spoiled by attracting
atmospheric moisture, which causes the action
of the acid to set in before the powder is intended
to be used. HorsfOrd and Catlin (U. S. Pat.
270,668) seek to avoid this by moistening the
bicarbonate with a magnésium sulphate solution,
which coats the former with a covering of mag¬
nésium carbonate, and thus protects them against
the acid or acid sait. The latter may be tartaric
acid, or cream of tartar, or (less appropriately)
potassium or sodium bisulphate.

Sodium sesquicarbonate
Na2C03,NaHC 03,2H20

is made by Watts and Bichards (Eng. Pat.
13,001, 1886) by preparing a solution containing
the above proportions and allowing it to crystal-
lise not below 35°G., keeping it agitated ail the
time. Such a solution can be prepared by heat¬
ing sodium bicarbonate so as to deprive it of
about one-third of its earbonie acid and dis¬
solving the residue, or by adding to a hot solu¬
tion of 84 parts of sodium bicarbonate 106 parts
of sodium carbonate. This sait, which crystal-
lises in fine needles, does not effloresce or deli-
quesce, and is readily soluble in water. Its
principal employment is for wool washing.

The Manufactuee of Caustic Soda.

Solutions of caustic soda have been made
ever since soda was commercially used, espe-
cially by soap makers ; later on by bleachers,
paper makers, &c. Most of these prepared such
solutions themselves ; sometimes they bought
them in the state of caustic liquor ; but from
the nature of things this could never be a large
trade. Such a trade has only arisen since
caustic soda has been manufactured in the solid
state, which was first done about 1845 in Ten-
nant's works at St. Bollox, but only experimen-
tally. The development of that large industry
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only dates from 1853, and is intimately con-
nected with thenames o£ Gossage, Dale, Ealston,
Gamble, Pauli, Deaeon, and other Lancashire
manufacturera.1 Much later it was introduced
into the Tyne district and abroad, and it has
also acquired great importance in Germany,
whare the demand for the manufacture of ali-
zarin, of wood pulp, for the purification of
minerai oils, &e., served as a stimulus in this
direction.

Solid caustic -was originally only made from
the caustic mother-liquor (' red liquor ') ob-
tained in concentrating tank liquor, as before
described. This source of caustic is much less
important now, since it yields but an impure
article, and since many factories carbonate their
liquors. Some caustic is made by dissolving
and causticising calcined soda ash; but the
bulk of it is made from tank liquors, obtained
in the usual way.

Where caustic is a principal product, this is
taken into account even in the manufacture of
the black ash, by working up with the ordinary
materials sueh otherwise waste materials as are

produced in the further stages of the process,
especially the lime-mud from causticising (in
lieu of limestone) and the fished salts (which
contain both sulphate and carbonate). It is
hardly possible to lay down in this case any
général rule for the blaek-ash mixture, as the
quality of those by-products is very changeable,
and each manufacturer must work out the best
proportions for himself.

The black-ash process and the lixiviation
are carried out in the usual manner, and the
tank liquor is employed for causticising; but
generally, either before or after causticising, or
along with this, a process for desulphurising
the liquor is carried out. This can be done in
various ways, according to the strength of
caustic aimed at. If only ordinary 60 p.c. or
70 p.c. caustic is required, it is sufficient to em-
ploy Hargreaves's process of oxidising the
sodium sulphide présent by injecting air into
the liquor, which is either done as a separate
opération or in the causticising opération, as
will be described below. In this case the oxi-
dation (which is much promoted by heating
the liquor) goes only as far as the formation of
thiosulphate, and must be supplemented later
on by nitrate of soda, or by blowing air into the
fused caustic, or both. The saine condition is
atiached to the employment of Pauli's process
(Pat. Nos. 1,306 and 1,530 of 1879), which
greatly expedites the oxidation by air, by adding
to the liquor some ' Weldon mud ' —that is, essen-
tially, hydratedperoxide of manganèse—in com-
bination with lime, manganèse, protoxide, &c.
This takes out the sulphur as MnS ; but the
latter is continuously regenerated into peroxide
by the action of air and steam, and would serve
an infinité number of times if it did not become
contaminated with ferrie oxide, silica, and
alumina, so that it must be thrown away after
having served a number of times. Scheurer-
Kestner (Bl. 36, 46) describes a large number
of experiments made with Pauli's process on a
manufacturing scale. Withoutaddition of Weldon

1 Comp. for thehistory of the developraent of the manu¬
facture of caustic soda : Muspratt (S. 0. I. 1886, p. 409),
Hart (ibid. p. 283), Davis (ibid. 351).
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mud, the blowing of a charge corresponding
to 1,200 kilos, of sodium carbonate required on
an average 7 hours and 6 minutes, and 360 kilos,
of coal ; with addition of 1| p.c. manganèse on
the weight of the soda the blowing averaged
only 4 hours 6 minutes, andconsumed 204 kilos,
of coals—that is, a saving in the proportion of
1*7:1. There is, of course, also, a correspond-
ingly smaller dilution of the liquor by the steam
used in the injector. In Pauli's process some of
the sulphite is oxidised beyond the state of thio¬
sulphate to sulphate. The total loss of Mn02 in
this process is stated by the inventor to amount
to about Jg p.c. of the soda ash.

A detailed description of the oxidising pro¬
cess, both with air alone and according to Pauli's
process, has been given by Jurisch (D. P. J. 240,
55). His results are very similar to those ob¬
tained by Scheurer-Kestner.

More rational in principle, but more expen¬
sive in practice, is the action of zinc or lead
oxide, both of them employed as sueh, or dis-
solved in caustic soda ; instead of converting
the sulphide only into thiosulphate, which ulti-
mately passes into sulphate, they convert it into
NaOH, and thus admit of producing stronger
caustic. In fact, these agents, especially lead
oxide, are practically used for manufacturing
' high-strength caustic.' Generally, it is not
considered worth while to recover the métal
from the ZnS or PbS, mixed with a large quan-
tity of lime mud, as it seems best to use those
agents during the causticising itself. Pormerly
both, especially zinc oxide, were actually re-
covered from the sulphide (Scheurer-Kestner,
l.c.) ; but even then the process costs more
than oxidising by air. It is, however, the proper
process for making the high-strength caustic
(77 p.c.) now so much in demand.

A process patented by Merle in 1875, and
carried out at Salindres, consisted in destroying
the sodium sulphide in tank liquor by the action
of an electric current. Scheurer-Kestner (l.c.)
found this efficient, but too expensive. It has
been patented again by Deacon, Hurter, and
Elmore (Pat. No. 800,1885).

Parnell (Eng. Pat. Nos. 2,203 and 4,188,
1878) has proposed treating the liquor with
metallic zinc, which is supposed to remove ail
sulphide, sulphite, and thiosulphate. Schaeppi
(Chem. Zeitung, 1882, p. 1010) has proved that
sulphite is not at ail, and thiosulphate only
partially, acted upon by zinc. Jurisch (D. P. J.
244, 71) cornes to a similar resuit, and concludes
that metallic zinc is much inferior in its action
to linely-divided zinc oxide.

J. E. Chance (Eng. Pat. 5,920,1885) décom¬
posés the sulphides by a mixture of ferrie hydrate
with calcium hydrate or carbonate, produced by
precipitating ferrie chloride with a large excess
of lime or calcium carbonate.

Causticising the liquor. This is done by add¬
ing lime to the diluted liquor at a boiling heat
with constant agitation. The latter may be
brought about either by the blowing in of the
steam itself (but this is not sufficient except on
a comparatively small scale), or by meehanical
agitators, horizontal or vertical, or by blowing
in a current of air, divided into very many small
jets, by means of a Korting's injector or other¬
wise. The last-mentioned System requires more
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steam than mechanical agitation by means of a
shaft, but it bas the advantage of greater sim-
plicity ; and, moreover, oxidises the Na2S to the
stage of thiosulphate, and précipitâtes most of
the iron. It seems to be the prévalent method
in England.

The tank liquor should be quite as well
settled for this purpose as for making soda ash,
and should be dïluted (with washings from the
lime mud, comp. below) to 16° or atmost 20°Tw.
Above that strength the formation of NaOH is
very incomplète, and even at that strength the
liquor cannot be altogether causticised, so that
as much as 8 p.c. of the Na2C03 présent remains
as such. As this causes much expenditure of
fuel for the evaporation of the dilute liquor,
Parnell and Simpson (Pat. Nos. 1877 and 1878)
have sought to extend the caustification to more
concentrated liquors, by employing a higher
température, and necessarily a higher pressure, in
close steam boilers provided with mechanical
agitators. The advantages of their process are,
however, doubtful, and it has not at ail come
into général use. Similar patents have been
taken out by Wells (1879), Menzies (1879), Her-
berts (1882).

Jurisch (Chem. Indust. 1880, 377) has made
a very complété investigation of the caustieis-
ing process, including Parnell's modification
of it. Comp. also Lunge and Sehmid, B. 1885,
p. 3,286.

In the ordinary causticising process the
dilute liquor is brought to the boiling-point, and
only then (whieh is considered important) un-
slaked lime is introduced, placing it within
an iron cage winch keeps back the stones
&c., whilst the calcium hydrate formed is
washed out into the agitated liquor and causes
the conversion of Na2C03 into NaOH. The end
of the process is judged of by practical expé¬
rience, and, moreover, by filtering a small sample
and running the filtrate into dilute acid, which
ought not to produce any effervescence.

Generally the liquor is allowed to settle
within the causticising pan (' opération pan ')
itself for half an hour ; the clear portion is run
off by a swivel pipe, and the lime mud is left in,
in order to serve, together with fresh lime, for a
second opération. Only then the mud is re-
jected ; but it is first washed in order to obtain
the caustic liquor inclosed by it.

The washing of the lime mud is sometimes
commenced in the operation-pan itself, or in
spécial settlers, by décantation ; but it is always
finished on the mud filters. These are iron
boxes, say 20 x 10 x 4 feet deep ; on their bot-
toms bricks on edge are placed, about 2 inches
apart, to form a support for horizontal bricks or
porous slabs. These are again covered with a
layer of coke or limestone in small pièces, fol-
lowed by three successive layers of smaller
stones and sand, and the whole is covered with
cast-iron grids to enable the men to work about
with spades without disturbing the filter. The
whole of these layers occupies 2 feet depth,
leaving another 2 feet for the muddy liquor.
Of course, in lieu of the just described filtering
layers, other means may be employed for the
same end.

Solvay (Eng. Pat. 8,723, 1885) covers the
filter with several layers of asbestos eloth. A

very good filter, acting under pressure, has been
constructed by Herberts (Eng. Pat. 3,537,
1882).

Other filters have been patented by Bolton
and Wylde (No. 5,403, 1883) and Bolton and
Bullough (No. 14,563, 1888).

Since the filtration would otherwise be too-
slow, it is generally assisted by Connecting the
space at the bottom of the filter with a vessel
in which a vaeuum is produced by means of an
air-pump. In this case, as soon as the super-
natant liquor is drawn off and the mud exposed
to the air, cracks are formed, which would admit
air and destroy the vaeuum if they were not
continuously filled up by turning up the surface
of the mûd either by hand or by machinery.
When the first liquor has run off, water is run
on and allowed to stand a little on the mud
before drawing it off again, and this is repeated
so long as the water takes up an appréciable
quantity of soda. These washings are utilised
for diluting the tank liquor previous to causti¬
cising.

In France they sometimes employ, in lieu of
such filters, a sériés of tanks placed one above
the other, where the lime mud is washed by
décantation, the washings being employed as
usual for diluting the tank liquor previous to
causticising (Scheurer-Kestner, Bl. 36, 415).

Even washed lime mud always retains some
available soda, part of it in the free state and
part in chemical eombination with calcium car¬
bonate, as ' gay-lussite,' CaC03 + Na2C03,5aq.
The wet mud generally contains about 2 p.c.,
but sometimes 4 p.c. or even more, of Na,0 ; this
causes a loss of -j to § cwt. of Na20 per ton of
caustic, or even more with inferior lime, of
which a larger quantity is required (Watson
Smith and Liddle, C. N. 43, 7 ; S. 0.1. 1880,
377).

Wet lime mud may be assumed to contain
about half its weight of water ; the lime is
mostly présent as carbonate, but a few per cents,
of caustic lime are never absent.

The utilisation of lime mud is usually
effected by employing it (in the damp state) for
replacing part of the limestone in the black-ash
mixture ; but it cannot be denied that this is
not very désirable for the process. It has also
been tried to dry it and burn it again ; but this
is usually too troublesome and expensive. Be-
eently very good cernent has been made of this
lime mud (Rigby, S. C. I. 1888, 301).

The analyses of factory products on next
page (by Lunge and Smith, S. C. I. 1883, 525),
will give an idea of the composition of the liquor
before and after causticising ; but the less im¬
portant constituants, as silica, alumina, and'
iron, were not estimated. The figures indicate
grms. per litre.

Analyses of liquors, lime mud, &c., are also
given by Davis (C. N. 32, 187), and Jurisch
(Chem. Ind. 1880, p. 241 and 377).

A totally différent method of causticising
is that of LSwig (Eng. Pat. 4,364,1882), who-
evaporates soda liquors with pure ferrie oxide,
and exposes the mixture to a bright-red heat.
The mass is thus converted into sodium ferrate
(or rather ' ferrite '), which is insoluble in eold
water, so that it can be purified by washing with
it : it is then treated with water at 80°C., whicb
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Analyses of factory products.

A B

a b c d
Liquor desulphurised Similar liquor, dilu- Anotlier liquor, Similar liquor, caus¬

. by blowing with ted and causticised, not previously de¬ ticised by mecbanical
air, sp.gr. 1*302, at sp.gr. 1*1338 sulphurised, sp.gr. agitation, sp.gr. 1*103

24°C. at 20°O. 1-113, at24°0. at 26°0.
grms. grms. grms. grms.

Sodium hydrate . .
52*0 102*5 41-1 80*7

„ carbonate 295*4 32-9 59-0 8*0
„ chloride . .

31 1*4 2-5 2*5

„ sulphide . .
— — 1-3 1*3

„ thiosulphate 5*7 2-0 1-3 2*3

„ sulphite . .
— — 8-6 6-5

„ sulphate . . 4*5 2-5 8-2 8-3
Water by diff. . . . 941*3 991-6 991-0 992-8

Total 1302*0 1133-8 1113*0 1103-0

décomposés the compound into caustic soda and
regenerates the ferrie oxide. Thus concen-
trated liquors are obtained quite free from iron.
In a new patent (Germ. Pat. 41,990) Lôwig
extends this plan to the sodium bicarbonate of the
ammonia-soda proeess, which is first heated in
a closed apparatus till half of the C02 and ail
NH3 are expelled, and then further in a revol-
ving furnace till the whole bas been converted
into a compound of soda witli ferrie oxide,
which is split up by the action of water into
caustie soda and insoluble ferrie oxide. The
British patent of Mond and Hewitt (No. 1,974
of 18S7) amounts to the same thing. Lôwig's
proeess has the advantage of yielding much
more concentrated liquors than caustieising by
lime, but the extra expense very nearly swallows
up the profit arising from that cause. It has
found a certain, but not very extended, prac-
tical application in the manufacture of caustic
from ammonia soda ash.

The concentration of the caustic liquor is a
very important part of the proeess, and causes
much of its expense. Attempts have been made
(first byJ.Dale; cf. p. 472) to save fuel byeffecting
the first part of the concentration—say, up to
48°-50°Tw.—in a steam boiler, and utilising the
steam for various purposes ; but these attempts
have been given up again almost everywhere, be-
eause the steam boilers are very much eor-
roded, and any leaks produce very awkward con¬
séquences. In connection with the Honigmann
caustic soda locomotive engine (propelled with-
out fire during its active work, by means of the
latent heat accumulated in a boiling strong solu¬
tion of caustic soda), these attempts have been
taken up again and vigorously pursued ; but
iron has been found to stand the liquor very
badly, and even with copper boilers there are
great difiiculties. The corrosion of the boilers
is, no doubt, principally caused by sodium sul-
phide ; but sodium hydrate itself is not without
action upon iron at the températures in ques¬
tion (cf., for instance, Lunge, Chem. Indust.
1886, 49 ; Venator, ibid. 144). Where caustic
soda is made from ammonia soda, in which case
it is entirely free from sulpbides, it has been
found possible to concentrate in steam-boilers
or ' multiple-eiïect' evaporators.

In ordinary cases the concentration of the
liquor is, from the first, carried on in pans

heated by the waste heat of the black-ash fur¬
nace, as far as this will go ; but it is never suffi-
cient to finish the concentration by waste heat
alone, and some of the pans must be provided
with fireplaces of their own. So long as the
concentration has not attained that point where
salts begin to separate, ordinary flat-bottomed
pans may be employed ; from that point on
' boat-pans ' must be employed, as described
above. These boat-pans are sometimes made of
cast iron, but more usually of wrought iron.
They are fixed behind the bail furnaces in the
usual way, and are so arranged that the pan
reeeiving the liquor direetly from the filters is set
at the highest level, and the strong pans are fed
from the weaker ones by natural gravitation.

It is not possible to lay down rules for con-
eentrating the caustic liquor and treating the
salts applicable to ail cases, since very much dé¬
pends upon the purity of the liquor, which varies
to a great extent. Impure liquors begin to sait
out not much above 50°Tw. ; purer ones only at
70°Tw., when the thermometer indicates about
188°G. Some manufacturers stop the firing at
this point ; others go on to 80° or 85°Tw., or
even nearly to 100°Tw., before drawing the fire,
and allowing the liquor to settle for § to 2 hours.
Part of the sait is fished out during evaporation,
and part of it is obtained as a muddy deposit in
the settlers. The fished salts consist principally
of sodium carbonate and sulphate, mixed, of
course, with sodium hydrate and with ail im-
purities, espeeially sulphite and thiosulphate, but
very little chloride. The sait from the settlers
(which is much less abundant), sometimes, ac-
cording to G. E. Davis, contains a large pro¬
portion of chloride, with ail the other salts
mentioned above; but this is not général, as will
appear direetly.

The settling of the liquor before it goes from
the boiling-down pans to the caustic pots is of
very great importance. The longer and more
carefully this proeess is carried out—for which
purpose, of course, sufficient tank-room must
be provided—the higher will be the strength
of the caustic soda manufactured ; indeed, the
principal part of the secret of making 'high-
strength caustic ' lies here.

Bolton and Wylde (Eng. Pat. 15,624, 1888)
separate the suspended matters by minerai filter-
beds, whereupon they are fit to be treated in
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' multiple-effect ' evaporators, without fear of
stopping them up.

ïhe following analyses (by Lunge and Smith)
will give an idea of the composition of the
liquors and of the salts at this stage of the pro-
cess. The figures refer to grms. per litre of the
liquid and per kilogram of the salts ; a is the
liquor A (comp. above) boiled down to sp.gr.
1-5417 at 18^°C., and 150°C. boiling-point, after
having received some nitre (see below), and hav-
ing been settled ; b is the fished salts, obtained
during the boiling down to the stage a ; c are the
salts found in the settler as a brown, pasty
mass ; d is the liquor B (eomp. above) concen-

The salts are always worked up by mixing
them with the sait cake in black-ash making.
Sometimes they are previously washed with
partly concentrated liquor, to extract some of
the caustic. If they contain a large portion of
sodium chloride, they are better kept out, as
they would deteriorate the quality of the black
ash.

Usually the addition of Sodium nitrate
which is practised to some extent at nearly ail
caustic soda works, is made during the boiling-
down process. Of course, where the liquor ha.s
been oxidised by air, much less nitre is required
than where the latter has to perform the oxida-
tion altogether ; and where the oxidation is
completed during fusion itself by a current of
air, naturally even more nitre is saved; but
generally a little nitre is used even in that case.
While ail investigators agree that oxidation by
air in dilute liquors converts the sulphide only
into thiosulphate, opinions widely difier con-
cerning the oxidation by nitre and that effected
by air at a high température. Pauli assumed
that up to a boiling-point of 138°-143°C. the sul¬
phide is oxidised into sulphate, and the nitrate
reduced to nitrite ; between 143° and 150°C.
the nitre is reduced to ammonia, above 155° to
nitrogen. G. E. Davis asserts that even below
138° much ammonia is given off ; this stops
mostly at 182°, when nitrogen takes its place.
The sulphide he believes to pass through the
stages of thiosulphate and sulphite into that of
sulphate. Parnell déniés the formation of any
nitrite or ammonia. This matter has been com-

pletely investigated by Lunge and J. H. Smith,2
who proved that ail previous assumptions were
partly or entirely wrong, and that the reactions

1 Other analyses are given by Davis (0. N. vol. 32,
passim) and Jurisch (comp. above).

" S. C. L 1883, 460, 525.

trated to the point of adding nitre (this liquor
had not been treated by injecting air)—that is, to
sp.gr. 1-182 at 23°C., boiling-point 114°C. ; e the
same liquor, with addition of about 1 part nitre
to 100 of total solids, concentrated to sp.gr.
1-4087 at 23°C., and 140°C. boiling-point, ready
for the finishing pot ; / is the salts fished while
bringing d to the stage e. These liquors and
salts are from two différent German works evi-
dently very carefully conducted, as appears from
the small amount of chloride and sulphate and
the great concentration attained before settling.
Alumina and silica were not estimated in these
analyses.1

are as follows : under no circumstances is ni¬
trate reduced directly to a lower form than that
of nitrite. In this first stage it is capable of
oxidising sulphide to sulphite, and this to sul¬
phate, from about 140°C. ; but thiosulphate is
not acted upon a3 such either by nitrate or ni¬
trite. Nitrite itself oxidises sulphide to sul¬
phite, ehiefly with réduction to ammonia, at
températures from about 200°C. At very higli
températures, exceeding 360°, sulphite is oxi¬
dised into sulphate, the nitrite being ehiefly re¬
duced to nitrogen. The thiosulphate formed
previously by the action of air (but not of nitrate)
on the sulphide is split up at higher tempéra¬
tures in the presence of caustic soda, with reforma¬
tion of sulphate and reproduction of sulphide
(as might be concluded from its molecular struc¬
ture) :

S02(ONa)(SNa) +2NaOH
= S04Na2 + Na2S + H20.

The sulphide is now, of course, actcd upon
by nitrate and nitrite as above ; but this
is done only gradually, as the décomposition
of thiosulphate goes on but slowly. Ail these
reactions go on in glass or porcelain vessels,
without any iron being présent ; if this is the
case (as it always is in practical work), the ré¬
actions remain exactly the same, but they take
place at somewhat lower températures.

The practical conclusions drawn from those
experiments are, that it is best to commence the
oxidation by blowing (before and during causti-
cising). This savès nitre, and also préserves the
iron vessels from being too much corroded.
Then some nitre should be added, but not too
much, so that its work is done principally below
300°, or at least 360° ; in this case it is converted
into ammonia, in accordance with the équation :

NaN03 + 2H20 = NaOH + NH3 + 04,

— a » c d e f

Sodium hydrate 751-6 261-2 283-9 139-5 605-4 216-3
„ carbonate . 34-1 365-6 241-1 19-4 43-5 140-6
„ chloride 10-6 5-2 4-4 4-6 24-8 11-8

„ sulphide .
— — — 2-8 trace —

„ thiosulphate 10-6 5-6 6-0 2-0 8-6 —

„ sulphite 5-6 4-1 71-1 17-1 8-3 178-0
„ sulphate . 2-5 38-9 92-1 17-2 1-5 165-7
„ nitrite 4-7 — — — 6-7 3-3

Insoluble (ehiefly Fe203). — 1-0 6-2 — — 1-5
Water (by différence) 722-0 318-5 295-2 979-4 781-9 282-8

Total . 1541-7 10000 1000-0 1182-0 1480-7 1000-0
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while at a higher température, when most o£ the
water has been driven off, the less favourable
reaction takes place :

2NaNOs + HOH = 2NaOH + Ns + 05.
It is, therefore, best to complété the oxidation in
thefinishing.pot by injeeting air into the caustic,
tbcn existing in the state of fusion at a red heat.

Where white caustic has to be made from red
liquor, it is not possible to économisé the nitrate
in the manner just mentioned. The following
is a rule for making very white caustic from red
liquor : Boil down the liquor to 35°Tw. with the
waste heat from the revolvers ; continue boiling
down, with addition of some nitre, to 100°Tw. in
a boat-pan, fishing out the sait ; allow the liquor
to settle, and baie the clear portion into the
finishing pot. Here it is brought to 480°C., when
three-quarters of the final nitre is put in and
the température is now raised to 700-730°C.
The mass is now allowed to settle, and onhj then
is the last quarter of the nitre put in. The
settling takes place mueh more thoroughly before
the last nitre is added, a fact considered to be a
very important manufacturing secret. The
longer the heat is kept at 700°C. the more salts
settle out ; therefore this is done a longer time
for 70 p.c. caustic than for 60 p.c. Before pack-
ing, the mass is allowed to cool down to 340°.

At the Aussig works the opération of adding
the nitre is eonducted in such a way that the
ammonia formed can be condensed and utilised.
This is considered not to pay by the majority of
works.

The last stage of the manufacture of caustic
soda is performed in the finishing pots, which
are shown in fig. 41. These are castings of

Fig. 41.

superior quality, from 7 to 9 feet wide and 4 to
51 feet deep, and 2 inches, or, more usually, 3
inches thick. The larger pots hold about 10
tons of caustic ; if properly set and treated they
last about two years, and turn out 600 or 700
tons of caustic. They must be set so as not
to receive the sharpest heat of the fire, e.g.,
with a curtain wall over the fireplace, and they
are generally placed on an iron plate, so that
they can be turned a little every three months,
and fresh places are exposed to the fire. They
are provided with sheet-iron covers, balanced by
a chain, pulley, and weight, which are used in
the last stage of the process.

At différent works they operate very diïïer-
ently as far as the strength of liquor for
charging the pots is concerned. Sometimes
liquor boiling at 138° is used, so that much of
the salting-out must be done in the pots ; but it
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seems préférable to do this in the boat-pan s and
charge the finishing pots with much stronger
liquor, boiling at 160°C. (comp. the analyses
above). This latter course is especially advisable
when aiming at 70 p.c. caustic.

The pots are first fired sharply, till the boil-
ing-point has reached 180°C. ; the liquor on cool-
ing will now solidify to caustic of 53 p.c. Na20.
From this point it is tough, and shows a great
tendency to boil over, which must be kept down
by beating down the froth with a shovei. About
205°C. the boiling becomes very slow ; at 238°C.
the mass contains almost exactly 60 p.c., at
260° about 64 p.c., alkali. There is now a very
pungent atmosphère round the pot, caused by
minute particles of caustic carried away by the
liquor, and the surface of the mass is covered by
a shining coat of graphite, formerly aseribed to
the destruction of the cyanide but now proved
to be caused by the action of the caustic on the
cast-iron pot itself (Thalheim, Chem. Indust.
1880, 53).

At this stage the last oxidation of the caustio
is brought about, either by throwing on, very
cautiously, a few pounds of nitrate of soda at a
time, or by blowing a current of air into the
fused mass by means of a movable pipe, II
inches wide, ending below in a perforated branch
or ring. Eight hours' blowing suffices for good
caustic, each ton of which requires from 24,000
to 30,000 cubic feet of air ; bad liquor requires
much more than that.

By blowing, Na2S is converted into Na2SO.,,
and as in using nitrate the latter is converted
into NaOH, the caustic will be somewhat stronger
in the latter case. Whether oxidation by blow¬
ing or by nitre is more economical is a local
question, but the majority of works employ the
former process, which is also preferred for this
stage by Lunge and Smith (comp. above). With-
out blowing, from 4 to 1 cwt. of nitre is required
for one ton of white caustic.

Whichever way of oxidising the caustic may
be employed, a trace of unoxidised sulphur is
purposely left in, because otherwise green sodium
manganate is formed. If this has inadvertently
taken place, the green colour is destroyed by
adding a very little sulphur or sodium thiosul-
phate.

When the oxidation is finished, a sample is
taken out and tested. Even if 60 p.c. caustic is
aimed at, the sample should test at least 64 p.c.,
preferably more ; it is brought down to 60 by
adding the requisite quantity of common sait,
previously dried in a furnace, to prevent decrepi-
tation on throwing it in. It is indispensable to
get the mass up to at least 64 p.c., because other¬
wise the ferrie oxide, alumina, &c., would not be-
come insoluble.

The next opération is the settling in the pot,
first patented by Italston ; that is, keeping the
fused mass heated in the pot for eight or twelve
hours, without allowing it to boil, so that the
precipitate formed can settle down to the bottom.
This precipitate consists of ferrie oxide, alumina,
and silica, which are soluble in aqueous caustic
liquor, but insoluble in caustic soda in the state
of igneous fusion. These impurities are thus
found in the ' bottoms,' and the upper portions
of the contents of the pot are perfectly limpid
and white.
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The packing of tlie eaustio consists iu ladling
it into drwiis, cylindrical sheet-iron casks, 1 foot
8 inehes wide and 2 feet 8 inches high, hold .n >
about 6 cwt. of caustic. At the top there is a
hole for filling, closed by a cast-iron slide. The
drums are usually placed ail round the pot, and
are sueeessively filled by ineans of a shoot, into
which the liquid caustic is baled from the pot.
An excellent arrangement is this : setting ail
the finishing pots in a row, and laying down a
tram-line on one side, on which small wooden
platforms (bogies), eacli carrying a drum, can
be moved about at will. In this case the shoot
always remains in the same place, and the
drums are sueeessively brought under it by
means of these bogies.

In America a very large quantity of caustic is
sold for houseliold use in tin canisters of 1 lb.
each, or in balls covered with a coating material.
Péchiney has described a machine for moulding
caustic soda in small pièces (Eng. Pat. 2,478,
1885) ; M. E. Brigham a machine for moulding
it into balls (U. S. Pat. 260,832) ; B. T. Babbitt
(U. S. Pat. 256,095) describes the way in which
tin drums can be fitted without being first
soldered.

Sometimes the caustic is ground in mills;
comp. patents by Menzies (1879), and Pitt (Eng.
Pat. 4,677, 1883). At Salindres there is an
apparatus, invented by Boulouvard, for convert-
ing caustic soda into thin scales ; it consists of
two drums, revolving in opposite directions,
internally cooled by water. Liquid caustic is run
on to the drums, where it solidifies instanta-
neously and détachés itself in thin flakes.

Wlîen in packing the lower portion of the
pot is reaehed, great care must be taken not to

disturb the sediment. As soon as the mass

becomes of doubtful quality, it is baled over
into a neighbouring pot, till the dark-red
' bottoms ' are reaehed. These are either
packed in spécial drums and sold in this state
(generally on the basis of 54 p.c. alkali), or tliey
are dissolved in kot water, when the ferrie oxide
and other foreign matter settles out, and the
liquor is worked up with other caustic liquor.

Cream caustic. This is an inferior quality,
sometimes made from tank liquor, but mostly
from red liquor—i.e. the caustic mother-liquor
remaining behind when non-carbonated tank
liquor is worked up for soda ash. Such red
liquor contains per litre nearly 200 grms. NaOH,
together with about 80 grms. Na2GO.„ and con¬
sidérable quantities of ail other sodium com-
pounds occurring in tank liquor; also in every
case some iron sulphide. It is boiled down in boat-
pans till about 94°Tw., or 132°C. boiling-point,
has been reaehed, when it is ready, after settling,
for the finishing pot. During the concentration
the salts are fished out, and nitrate of soda is
added, of which sometimes more than 3 cwt.
per ton of caustic is needed ; blowing in the fused
state is not applicable in this case, because the
température does not get high enough. The
concentration is continued till the strength has
corne np to 60 p.c., at which the whole contents
of the pot are packed into drums right away,
without any settling (which would not take place
to any extent), and consequently without any
' bottoms.'

The following analyses (Chemical Trade
Journal, 1888, 86) show the composition of
ordinary trade products :—

—

Red liquor
cream

Yat liquor
cream

60 p.c.
white

70 p.c.
white

Caustic
bottoms

High-strength
caustic

Water .... 9-0 12-3 „.

Insoluble 0-2 —
— — 23-0 —

Sodium chloride 6-8 7-8 15-1 3-9 6-1 1-3
„ sulphate . 1-5 2-2 3-6 3-4 5*5 1-5
,, sulphite . 1-5 0-1 — — 0-2 —

„ silicate 2-1 0-2 OT 0-3 0-7 0-1

,, aluminate. 0-8 1-3 0-4 0-2 5-6 0-2

„ carbonate . 3-1 1-4 1-1 2-4 — 0-2
,, caustic 75-0 74-6 79-8 89-6 58-6 96-0

The author's own analyses of German high strength caustic show :

Made by Solvay from
ammonia ash

Made at
Heufeld

Made at
Ludwigshafen

Total alkali (real Na.O) 74-92 73-45 74-67
Sodium hydrate .... 94-88 92-34 94-60

„ carbonate 2-38 3-10 2-27
„ sulphide .... 0 0-01 0
„ sulphate .... 0-19 2-82 2-82
„ chloride ....

Alumina
1-69 1-71 0-51
0 trace 0

Iron 0 0 0

The Utilisation oe Soda Waste.

Soda waste (alkali waste, tank waste, vat
waste), the product remaining behind in the
lixiviation of black ash, is a dark-grey or black

granular mass, mixed with coarser particles and
fine mud. The published analyses of this sub¬
stance are nearly ail useless, as they refer to it
in a state changed by exposure to air. This was
avoided in an analysis by Lunge (Lunge's Sul-
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pliuric Aoid and Alkali, ii. 635), which was
made with perfectly fresli waste, and whieh
yielded : sodium carbonate (partly in the soluble
and partly in the insoluble state, or gay-lussite)
3-95 ; calcium sulpkide, 39'42 ; calcium hydrate,
9'95 ; calcium carbonate, 22-64 ; calcium silicate,
3-19 ; calcium sulphate and tliiosulphate, traces ;
ferrous sulphide, 3-07; alumina, 0É76; coke,

2-36 ; sand, cinders, &c., 13-72 ; water and loss,
0-94.

The following more recent analyses, given in
A. M. Chance's paper in the S. C. 1.1882, 266, give
a yery good idea of the composition of soda
waste obtained with différent mixings, and both
from hand-worked and mechanical black-ash
furnaces:—

—

Names of firms and description of furnaces

a
o
o
C3 . ^

fl 1 ritisliAlkali Works revolver
ai

|
m

ai

ol

Muspratt (Widnes)hand
o

*
O)

O ci >

&•§ "9

ais
+3 £ f-l
S o S
H ffl O

ai
a .

Sa I

Chance
Brothers

hand

^JS O f-1

g

1-5 s 2
A EHÛS O-ê

m

o M S o

Sait cake \ 100-0 îoo-o 100-0 100-00 100-00 100-0 100-0 100-0
Limestone r used for mixing • 86-0 86-0 95-5 105-00 — 100-00 105-0 105-0 105-0
Coal J 40-42 40-0 53-4 33-33 — 57-00 57-5 65-0 65-0

Sulphur
18-84Total percentage in waste 26*33 24-29 23-52 22-66 20-73 17-94 19-47 17-22 18-01

Recoverable 25-28 23-87 23-10 21-30 19-87 17-83 17-59 17-17 15-59 16-83
Percent, recoverable 96-02 98-27 98-21 94-00 95-85 99-39 93-36 88-19 90-53 93-29

NaaC0, 3-16 2-57
•

0-45 3-69 1-63 1-97
Naa0 — — 1-47 — • — — 1-17 — — —

NaOH — — — ' ■ • 1-88 — — — —

CaCOs 21-19 28-10 20-07 38-14 35-26 27-92 28-41 23-64 38-81 36-92
Ca(OH). trace — 5-92 7-62 — 8-60 4-90 8-89 9-53 8-85
CaS 56-89 53-77 52-03 47-97 44-75 40-16 39-62 38-67 35-12 37-90
CaS„Oa 1-07 — — — — 1-19 2-85 1-49 0-68
CaSO, trace — — — — — — — — —

CaSO trace .— trace 3-76 . 2-13 0-91 — 0-20
CaSiO, 3-53 1-47 — — — 2-96 — 4-19 — —

Coal 7-20 9-62 13-69 0-30 5-72 12-33 8-03 5-86 6-27 7-04
MgCO, — — 1-35 0-98 — —.

MgO — — 0'60 — 0-42 2-13 — — — trace
AL.0, 1-02 0-74 1-98 — 2-45 2-13 8-62 1-01 0-13 0-31
FeS 1-65 1-16 1-16 3-74 — 0-29 0-70 2-46 2-76 2-44
FeA — — — —. 1-64 — — — — —

SiOg (chemically combined) .
— — 1-50 — _

— — — 1-21 1-34 1
Sand 2-82 0-89 2-09 2-51 6-00 0-66 3-98 7-41 2-61 1-79

Total
Percentage of moisture in fresli waste .

98-53
29-20

98-32
29-41

100-51
27-50

100-73 100-00 99-06 100-10 100-56 99-56
30-40

99-47
29-96

The damp waste, as it is cast out of the
tanks, is at once acted upon by the moisture,
carbonic acid, and oxygen of the air, and is
quickly ehanged. The action is accompanied
by the évolution of much heat, and of a large
quantity of gas, especially hydrogen sulphide.
If the température rises to the combustion-point
of this and of the sulphur formed at the same
time, fumes of sulphur dioxide are given out.
The atmospheric and subsoil water dissolve
some of the produots of the action, and produce
a yellow or red fœtid liquor, which is an in¬
tolérable nuisance, both by itself and when dis-
charged into public watercourses. Ail this lasts
a long time before the action is complété, and
the mass is converted into an innocuous mix¬
ture of sulphates, carbonates, &c. Where large
heaps of soda waste are collected, even after
thirty or forty years, unoxidised sulphur is found
in the interior parts.

Owing to the above-described nuisance, soda
waste is never allowed to be simply thrown on
to any waste ground, much less to be mixed
with any other refuse, which only intensifies the
processes described. Formerly the great ma-
jority of works disposed of it by keeping it
apart, spreading it into thin layers, and beating
these down with a shovel, putting layer upon
layer till large banks are formed. These, how-

ever, in course of time give rise to the same
nuisance, especially in damp weather; nor is
this at ail sufficiently prevented by covering up
old waste heaps with ordinary soil. Another
plan is préférable ; taking out the soil to a
depth of several yards, depositing the waste in
the hole thus formed to within a few feet of the
ground level, and filling up the remainder with
part of the soil previously removed. But even
with this plan, the greatest nuisance caused by
the waste, the infection of the subsoil drainage,
will remain in most cases. Altogether, the fact
that in the tank waste the sulphur originally
imported into the Leblanc process is not merely
lost, but is the cause of extreme annoyance to
ail residents near the works, if not of actual
damage to health and life, is one of the most
serious drawbacks of that process.

The nuisance caused by tank waste has been
minutely investigated by Dr. Ballard (Eighth
Annual Report of the Local Government Board,
supplément containing the Report of the Médi¬
cal Officer for 1878, p. 201-226). It seems
certain that there is an injurious effect on the
health of the neighbourhood caused by the évo¬
lution of hydrogen sulphide from heaps of tank-
waste, although it is not as bad as is sometimes
imagined, especially by those not used to the
nauseous smell prevailing intheir neighbourhood.
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Where alkali works are situate in immédiate
and near communication with the sea, as is the
case on the Tyne, the waste is put into specially-
eonstructed barges, called ' hoppers,' and is
sent out to sea, where it is discharged by means
of a trap-door in the bottom of the barge. This
is a somewhat costly process, and in stormy
weather, when the ' hoppers ' cannot be taken
out to sea, it causes great inconvenience. In
places remote from the sea, this way of disposi'ng
of the waste is out of the question, and it is
usually deposited in heaps, which insome places
have taken np an enormous space. According
to the Alkali Inspeetor's 23rd Beport for the
year 1886, p. 64, 387,000 tons of waste were laid
down in that year at Widnes and Buncorn.
These would contain about 58,000 tons of sul-
phur, of which only 4,000 tons were recovered
by Mond's process (see below). There were in
that year more than five millions of tons of
waste lying at Widnes (comp. 21st Beport,
p. 10).

Many uses have been proposed for soda-
waste : for making floors in dry places ; for '
working it up with asphalt for mastic pave¬
ment ; for mixing with mortar in building ; for
making bottle-glass ; as a remedy against dry-rot
and other plant diseases caused by fungi &c.
But none of these can dispose of a large quantity
of waste, and the largest portion of the 2 tons of
wet, or 1£ tons of dry, waste, turned out for each
ton of soda ash remains as a burden to the
manufacturer.

Evidently the only rational way of dealing
with soda waste is to take out of it in some

shape or another the sulphur which is the cause
of ail the trouble, and which at the same time
is the most costly ingrédient of the Leblanc
process (apart from the small quantity of nitre
employed). If ail European alkali works re¬
covered ail the sulphur used in the manufacture
of soda, this would amount to 180,000 tons per
annum, or about half the total production of
sulphur in Sicily ; and if ail the English Leblanc
works recovered their sulphur, this would yield
about 60,000 tons per annum, or about twice the
yearly importation of brimstone from Sicily into
England. A very large number of patents
have been taken out with this view, but very
few of them have been even partially successful,
and only these will be described here in some
détail. Of the others we shall only say a few
words.

J. L. Bell (1852) made ' factitious pyrites '
by smelting tank waste with burnt pyrites, coke
and clay, the latter in order to form a slag with
the lime. Iron sulphide was formed and tapped
from time to time, but this product was very
poor (30'6 p.c. sulphur) and difficult to work.

Ward (1862) ignites tank waste with sait-
cake to form a double compound of sodium and
calcium (probably of very little use).

Hewitt (1877) heats tank waste with silica,
whereby calcium silicate is formed and the
sulphur is drawn off as S02 or S03.

Kynaston (Eng. Pat. 2,473,1885) treats alkali
waste for the recovery of sulphur and calcium
sulphite, by the assistance of magnésium
chloride, in a somewhat complicated way.

Parnell and Simpson's process of utilising
soda waste for decomposing the ammonium

chloride liquor of the ammonia-soda process
will be described in the latter section.

The only way in which, until quite lately,
soda waste has been successfully deprived of at
least a portion of' its sulphur, and has at the
sametime been renderedentirelyharmless, is that
first attempted by Leighton in 1836. He al-
lowed the waste to oxidise 1 in the air for some

time, lixiviated it, and precipitated the sulphur
from the liquor by hydrochloric acid. In 1852
Losh patented the manufacture of sodium thio-
sulphate from the liquors obtained from oxidised
tank waste. Further progress was made in 1866
and 1861 by Townsend and Walker, by Jullion
and by Noble. But only in 1862 two inventors
simultaneously (after previous trials), but alto-
gether independently, arrived at practicable
methods for recovering the sulphur from soda,
waste, Sehaffner and Mond ; the process of
the latter, with some of the features of the
former, has been carried out at a number of
English and Continental alkali works, and will
be described subsequently.

First, however, we shall describe the changes
brought about in soda waste, either in a graduai
manner by simple exposure to the air, or
hastened by blowing air through it. It was for-
merly assumed that in this case both oxygea
and carbonic acid are acting together with
water in the foliowing way : 2CaS + O forma
CaO + CaS2, the latter combines with O to form
CaS203 which afterwards splitsup into CaS03 + S,
and at last CaS04 is formed. The two last re¬
actions lead to a loss, since CaSOs and CaS04
are insoluble and worthless, but they unavoid-
ably take place to a considérable extent. The
C02 acts by expelling ILS, which partly com¬
bines with CaS to form soluble Ca(SH)„, and is
partly converted by O into H20 and S. The sul¬
phur, set free by this and other reactions,
combines with S to form soluble polysul-
phides. This represents Schaffner's views, which
have been proved to be untenable by Divers,
More correctly Kraushaar (D. P. J. 226, 412)
maintained that the primary reaction is a
simple hydration process :

2 CaS + 2H20 = Ca(SH)2 + Ca(OH)2.
The calcium sulphydrate later on combines with
oxygen, and forms polysulphides :

Ca(SH)2+0 = CaS2 + H20,
and thiosulphate : Ca(SH)2 + 04 = CaS,03 + H.D
or more probably, CaS2 + 03 = CaS„03. By avoid-
ing the action of oxygen, more sulphydrate is
formed, and by employing steam at five atmo¬
sphères pressure, up to 90 p.c. of the sulphur can
thus be brought in solution.

Kraushaar's view is now almost generally
accepted, and it is assumed that the hydration,
not the oxidation, of CaS is the first process to
be aimed at ; dry CaS does" not oxidise into
polysulphide or thiosulphate, but into sulphite
and sulphate. This matter has been further
elucidated by Divers,2 who had for the first
time prepared pure calcium hydrosulphide,
Ca(SH)2,6H,0, a sait which can only exist at
common températures and in an atmosphère of

1 We use this as the ordinary expression, although
Divers has shown that it is only true in a limiter! sense.

2 S. C. I. 1884, p. 550 ; cf. also Divers and Shimidzu,
O. J. 45, 270, and Divers, ibid. p. 696.
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HjS. It is exceedingly soluble in water, bat the
concentrated solution décomposés voluntarily,
xvith évolution of H.S, calcium hydroxyhydro-
sulphide, Ca(SH)(0H),3H.20, being precipitated.
This sait already observed by Berzelius in the
shape of acicular crystals, is colourless and
moderately soluble in water, but décomposés
therewith very soon into insoluble Ca(OH)2
and very soluble Ca(SH)2. In a somewbat
concentrated solution of Ca(SH)2 it is in¬
soluble, and is not decomposed therein.
Lime unités witb Ca(SH)., to form insoluble
Ca(SH)(OH). It loses H2S on exposure to
air and absorbs C02 and 0, but the latter
probably indirectly. It is formed by the union
of H.2S and slaked lime, and undoubtedly
also by the hydration of CaS, and is no doubt
présent in the spent lime of the coal-gas puri-
iiers. This hydroxyhydrosulphide is the first
product of the weathering of soda waste by the
hydration of CaS, and is the source of the hydro-
sulphide found in the lixiviation waters ; but the
process of hydration is very slow. It is, how-
ever, greatly favoured by the heat produced in
blowing air through the waste,- when polysul-
phide and thiosulphate are formed by oxidation.

The stages of the process are thus :—

1. CaS+H,0 = Ca<^"
2a. ce<oH + H*20 = °a(OH)2 + H2S
26. Oa<Qg + H2S = Ca(SH)2 + H.,0.

It cannot be doubted that in moist alkali
waste free calcium hydroxide and hydrogen sul-
phide exist at the same time, and these too are,
indeed, the ultimate products of the hydrolysis
of the calcium sulphide.

The H„S, almost as fast as it forms, is oxi-
dised by the atmospheric oxygen into H20 and
free sulphur, whilst (according to Divers) the
calcium salts are not oxidised at ail directly,
nor does any appréciable quantity of H2S pass
into the state of S02. This free sulphur acts
upon the calcium hydroxide in the way long
known for the préparation of 'liverof sulphur,'
viz. forming pentasulphide and thiosulphate
thus:

3. 3Ca(OH)2 + 12S =

Ca<Q>S02 + 2CaSs + 3H20.
The polysulphide is later on gradually oxi¬

dised into thiosulphate :
4. CaSs + 0., = CaS203 + S3.

In the presence of free lime the sulphur thus
set free is again absorbed by reaction 3, so that
more thiosulphate is formed, and by a succes¬
sion of the reactions 3 and 4 ultimately the
polysulphide is redueed to nothing. If, how-
ever, too little lime is présent, free sulphur is
left behind, and, if the contact with air is too
extensive, H2S will escape and lime will be left
behind.

The just-mentioned ultimate conversion into
calcium thiosulphate has been utilised for a long
time past for the manufacture of thiosulphates
(hyposulphites) from oxidised tank waste.'

Whatever may be the real theory of the
' weathering' of soda waste (to avoid the expres-

1 Cf. also Veley, S. 0. X. (Trans.) 1885, 478.

sion ' oxidation '), there is one obstacle to its
praetical utilisation—namely, that on the large
scale it proceeds only to a certain stage, and
then stops almost entirely, evidently owing to
the fact that the new coinpounds formed pro-
tect the unchanged CaS from further action.
This fact was recognised, and a remedy for it
found about the same time by two observera,
Sehaffner and Mond, working without know-
ledge of one another. Sehaffner first exposed
the waste to the action of the air for about three
weeks, then removed the soluble portion by
lixiviation and repeated the weathering process
several times, but after the first time by blowing
chimney gases (containing C02 and O) through
the mass. Mond's process is better adapted to
the requirements of a large manufactory. He
commences at once with blowing air through
the waste by means of a Schiele's fan-blast,
either in the lixiviation tanks themselves after
removal of the proper tank liquor, or in spécial
tanks provided with lixiviating apparatus. He
thus arrives at the stage reached by Sehaffner
in three weeks, in about sixteen or eighteen
hours, the heat evolved in the process immensely
assisting the action. In both processes the
oxidised waste is now lixiviated, first with. weak
liquor from a former opération, then with fresh
water, and is then oxidised again by blowing air
or chimney gases into it, to be followed by
another lixiviation. Three successions of oxida¬
tion and lixiviation are the minimum, but as
many as six double opérations of this kind are
required to extract about half of the sulphur in
a soluble form.

Schaeppi (S. C. 1.1882, 482) has shown that
it is best to lixiviate a long time ; that hot
water is far préférable to cold ; that the solu-
bility of the sulphides is limited, and the
sp.gr. chiefiy dépends on the thiosulphate. At
10°Tw. the liquor is sure to be underblown, at
18-20° it is overblown. The liquor cornes out
best when kept as nearly as possible at 12°Tw.
(measured hot). With overblown liquors the
mass sets hard, and there is much loss of sul¬
phur. Old waste, after oxidising and lixiviating
five or six times, sets hard and solid, so that
neither air nor water can easily penetrate it, and
in this condition it may still contain from 6 to
12 p.c. sulphur as sulphide, if the fresh waste
contained 18 p.c.

With fresh waste the loss of sulphur as
CaS in the waste is less, but it is always appré¬
ciable, and there is a much larger loss in the
shape of calcium sulphite and sulphate. But
ail of this is now présent in such forms that the
waste remaining after Schaffner's or Mond's
treatment may be cast out anywhere, without
causing any nuisance. It is, however, still
troublesome on account of its bulk, and there-
fore causes not inconsiderable expense for its
disposai. Many attempts have been made to
utilise it as a cernent, or otherwise, but with¬
out very much success.

The ' yellow liquors ' obtained in the lixivi¬
ating process contain the sulphur in différent
forms of eombination, one of them, as sulphate,
being useless, and three of them in an ' avail-
able ' form—namely, as hydrosulphide, poly¬
sulphide, and thiosulphate. On addition of
hydrochloric acid the two former must yield
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ILS, the last S02, and the composition of the
liquor is most favourable if the relation of H2S
to S02 is exactly = 2 :1, in which case 2H20 and
8S will be formed, and no sulphur will be lost.
If, however, the sulphides are in excess, H,S will
escape, and, with an excess of thiosulphate, S02
will be formed. It is therefore necessary to
manage the oxidising process so as to obtain
the above proportion as nearly as possible,
and Mond devised expeditious methods for
carrying out the required testing of the liquor.
Since over-oxidising does less harm than the
reverse, the proportion is kept rather below
2H2S to 1S02.

The décomposition of the sulphur liquor was
first carried out by Schaffnerin a very ingenious
but complicated way, and which he abandoned
in favour of Mond's process, which consisted in
simply mixing the sulphur liquor with a very
slight excess of hydrochloric acid over and above
that theoretically required, at a température of
60°C., with continuous agitation of the liquor.
Below 40°C. much H2S escapes, and the sulphur
does not settle well. The reactions are :

Ca(SH)., + 2HC1 = CaCL + 2H2S
CaS5 + 2HC1 = CaCl2 + H.,S + S4
CaS203 + 2HC1 = CaCl., + S02 + S
2H2S + S02 = 2H20 + S2.

By accessory reactions, small quantities of
polythionic acids and calcium sulphate (apart
from that owing to the sulphuric acid présent
in the hydrochloric acid) are formed, also a
little hydrogen persulphide, which imparts a
fœtid smell to the sulphur. It is decidedly
necessary to perform the mixture of sulphur
liquor and acid in such manner that the former
at once meets with a quantity of acid sufficient
for its total décomposition ; otherwise H2S is
formed, and escapes as such. It is not possible
to avoid the formation of some calcium sulphate,
even when working with hydrochloric acid free
from sulphuric acid.

The milky mass produced is separated by
canvas filters into a solution of calcium chloride,
containing small quantities of HC1 and S02,
which is run to waste, and a pasty mass, con¬
taining sulphur in an extremely fine state of
division, mixed with a somewhat large quantity
of calcium sulphate. This mass must first be
freed from the adhering mother-liquor by
washing, and must then be converted into
pure sulphur by melting. The latter process
is, however, very troublesome, since the heat
penetrates very slowly into the porous mass.
This difficulty was overcome by Schaflner, who
performs the melting by steam of about 2.) at¬
mosphères pressure, employing a double cylin-
drical vessel. The pasty mass is introduced into
the inner cylinder, and the steam into the outer
cylinder, communication being established only
by means of an opening on the top of the inner
cylinder, and the proper mixture of the mass
with the steam enlering here being brought about
by an agitating shaft. This makes it impossible
for the melted sulphur to be suclced back into
the steam-pipe on any diminution of pressure in
the steam-boiler.

Before starting the opération, some milk of
lime is put in with the paste of sulphur and
gypsum ; this is done in order to eonvert the
arsenic présent (introduced by the hydrochloric

acid employed) into calcium sulph-arsenite,
and thus to keep it out of the sulphur. As
the température exceeds the melting-point of
sulphur, the latter collects in a perfectly pure
state at the bottom of the inner cylinder, and
can be tapped off there ; whilst the gypsum is
kept in suspension by the water présent.

The recovered sulphur should be deprived of
its unpleasant smell of hydrogen persulphide by
melting it up in a cast-iron pot and blowing a
strong current of air through it for some hours.
This will also remove any traces of water, and
will cause any ferrous sulphide présent to settle
out. After this treatment the recovered sulphur
is cast into the ordinary stick moulds, and is not
distinguishable by colour, density, or smell from
refined Sicilian roll brimstone.

J. Eobinson (Eng. Pat. 497, 1885) describes
a spécial treatment for the removal of arsenic.

Chance (Journ. Soc. Arts, 1882, p. 726) quotes
the following results obtained by the five British
firms which carry out Mond's sulphur recoveiy
process:—

No.
Recovered

sulphur

Per cent, of
total sulphur

in waste

Hydrochloric acid
consumed per ton of

recovered sulphur

tons

1 6690 30 3-5
2 1500 27-30 4
3 3200 25-30 4 to 4-5
4 3000 ? 4
5 3223 17 1

— 17613 — —

P. W. Hofmann's process (patente! in 1866)
dépends upon the hastening of the oxidation of
soda waste by moistening it with ' still-liquor
that is, the mixture of manganous, ferrie, and
hydrogen chloride formerly run to waste in the
manufacture of chlorine. This process, which
was practically carried out at the Dieuze works
for a number of years, is extremely complicated,
and must be considered obsolète now that at no

alkali works is any still-liquor run to waste.
We therefore simply refer to the descriptions of
E. Kopp, in Wurtz's Dictionnaire de Chimie, 2,
1593 ; and publications in D. P. J. 191, 304 and
464 ; 192, 64 and 133.

Any process based upon the employment of
hydrochloric acid must count with the fact that
the value of this acid is continually rising in
proportion as the price of Leblanc soda is lowered
by the compétition of the ammonia soda. There¬
fore spécial interest attaches to those processes
which dispense with the use of hydrochloric acid
for recovering sulphur from soda waste.

Mawdsley and Macfarlane (Eng. Pat. 11,178,
1885) treat ' yellow liquor ' of 20°Tw. with ferrous
chloride liquor (from copper-extracting works,
&c.), whereby a black precipitate is formed, which
is filtered, washed, and dried at a low heat. It
is then heated in a muffle furnace, earefully pro-
tecting it from air, and the sulphur which vola¬
tilises is condensed as such. After this the
heating is continue! with access of air, so that
the FeS remaining from the former opération is
burned ; the S02 is conducted into a vitriol
chamber, and the ferrie oxide can be used as
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a pigment. This process might be locally useful
for disposing of two waste substances at the same
time.

One of the most promising processes for
recovering, not merely the sulphur, but even
tbe lime contained in soda-waste, was that of
Scbaffner and Helbig (patented March 9, 1878).
It aims at recovering the whole of the sulphur,
and practically abolishing soda waste altogether.
It is based on the property of magnésium chlor-
ide to décomposé, at a boiling heat, the calcium
sulphide, whilst calcium carbonate is not acted
upon : Cas + MgCL, + H20 = CaCl2 + MgO + H2S.
ïhis opération is performed in soda waste fresh
from tbe lixiviating tanks, and hence not oxi-
dised, and the hydrogen sulphide evolved is dealt
with as will be described hereafter. The residue
is now a solution of calcium chloride, holding in
suspension a mixture of very light and finely-
divided magnesia, with heavier and eoarser par-
ticles of cinders, coke, limestone in excess, &c.,
and the latter can be mechanically separated
from the former by passing the mixture through
a sieve. The purified mixture of ealcium-chlor-
ide solution and solid magnesia is now treated
with more or less impure cai'bonic acid, from
a limekiln, &a., and is decomposed into mag¬
nésium chloride and calcium carbonate :

MgO + CaCl2 + C02 = MgCl2 + CaCO,.
The calcium carbonate is recovered by

settling and washing, and can be used over again
in the black-ash process ; the magnésium chloride
thus regenerated is concentrated by evaporation,
and is used over again in the first stage of the
sulphur-recovery process, as just described. The
hydrogen sulphide evolved in the same stage is
not, as was the case in ail previous processes,
diluted with a large quantity of inert gases, but
is quite pure, and can be utilised, either by burn-
ing it altogether, and convertihg the S02 into
sulphuric acid, or by taking away one-thirçl of it,
burning it into SO,, mixing this with the re-
maining 2H„S, and thus obtaining ail the sul¬
phur: 2H2S + S02= 2H20 + Sr This plan, so
often unsuccessfully tried before, has been made
practicable by Schafïner and Helbig, by bringing
the gases in contact with one another in the
presence of a solution of calcium chloride, which
causes the sulphur to change from its milky,
non-subsiding state into that of a flaky, readily-
setlling precipitate.

Stingl and Morawski (J. pr. [2] 20, 76)
bave minutely studied Schafïner and Helbig's
process. They found that the formation of
polythionic acids could not be prevented, but
that it ccnsumed only a few per cents, of the sul¬
phur, and that it had nothing to do with the
physical state of the sulphur precipitate, which
is determined by the presence or absence of the
calcium chloride solution. Debus (G. J. 1888,
278) has found that some of the sulphur is in
actual solution in the colloidal state, and that
this state is changed by the presence of saline
solutions.

Tbe sulphur thus obtained is washed, melted
by steam in the Schafïner apparatus previously
described, and thus converted into refined brim-
stone.

The Schafïner - Helbig process has been
worked out on a practical scale by Al. M.
Chance, who has described the apparatus and

process employed at the Oldbury works in
the Journ. Soc. Arts, 1882, 724, and in the
S. C. 1.1882, 264 ; 1883, 202. By his endea-
vours it was proved that the process is per-
fectly practicable, except that lie preferred to
burn the H2S for the manufacture of the sul¬
phuric acid. The cost of recovering the sulphur
amounted to 3d. per unit, and when the pyrites
companies lowered their selling price to that
figure the Schaffner-Helbig process had to be
given up.

The most rational and obvious way of re¬
covering the sulphur consists in treating the
tank waste with earbonic acid (first attempted by
Gossage in 1837), in order to recover also the
lime as calcium carbonate. The hydrogen sul¬
phide is utilised by burning it, and eonverting it
into sulphuric acid, or else absorbing it by
ferrie hydrate, or in some other manner. But
the following cire amstance is a great drawback
to this plan : the earbonic acid employed for this
purpose must practically be the very impure gas
evolved in limekilns or the like ; hence ail its
impurities (especially a very large quantity of
nitrogen) remain with the H2S. The diffieulty
of disposing of the latter to advantage has, until
quite recently, baffled the most persistent en-
deavours of Gossage himself and other inven-
tors. Burning very dilute hydrogen sulphide is
difficult, and oertainly not profitable. It is mueh
less difficult to burn the purer hydrogen sulphide,
obtained in the saturation of the gases from am¬
moniacal gas-liquor, and this problem has been
successfully carried out a number of years ago ;
but such, or even purer, H2S is only obtained by
the most recent processes for recovering sulphur
from tank waste, to be described further on.

Attempts have also been made to burn
H2S in pyrites kilns, in contact with burning
pyrites (Favre, in 1855 ; Kunheim) ; or to absorb
the S02 formed in water, driving it olï by
heat, and passing it into an acid chamber (Gos¬
sage, in 1857), &c.

Claus (Eng. Pat. 4,922, 1886) burns H2S into
S02 and steam, and passes the mixture into a
' Hargreaves ' apparatus, where it décomposés
eommon sait into sodium sulphate and hydro-
ehloric acid. The former is converted by the
Leblanc process into soda, thus again yielding
alkali waste ; or the common sait is mixed with
small coke, and the resulting mixture of coke
and sodium sulphate is reduced by ' water gas '
(that is, a mixture of carbon monoxide and hy¬
drogen) to sulphide. The latter is, by the com-
bined action of C02 and steam, converted into
sodium carbonate and hydrogen sulphide, which
is burned over again and used as before. The
C02 is obtained by the gas resulting from the
action of the water-gas on the sodium sulphide.

There is another way of burning H2S, viz.
employing only such a quantity of air that the
hydrogen is burned but the sulphur is set free,
and can be eollected as such. After previous
attempts in this direction had failed, Claus has
solved the problem by passing the mixture of
H2S and air through red-hot ferrie oxide, in the
manner described in the art. Ajimonia, vol. i.
p. 100. This process has the great advantage
of being applicable to H2S, diluted with a large
quantity of inert gas, such as would be formed
by decomposing tank waste with impure C02 ;
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and in Chance's process the H2S is actually
utilised in this manner, when not burned for the
manufacture of sulphuric acid (cf. p. 493).

Miller equally employa air, but indirectly.
He passes tlie hydrogen sulphide over red-hot
calcium sulphate, which causes the formation of
calcium sulphide, steam, and sulphur vapour
(the latter being, of course, afterwards con-
densed) : CaS04 + iH^S = CaS + 4IUO + S4. When
most of the calcium sulphate has been reduced, it
is regenerated by heating it in a current of air :
CaS + 04 = CaS04. This process would, however,
seem to be much less simple than that of Claus.

A similar resuit, but in a différent way, has
been many times aimed at by bringing H2S into
contact with S02, either formed by burning part
of the H„S itself, or supplied in the shape of
kiln gases. The principal reaction is

S02 + 2H2S = 2H20 + S3 ;
but by a secondary reaction some pentathionic
acid is formed :

5S02 + 5H..S = S5H206 + 4H..0 + S..
__

There is a loss of sulphur in this way, and much
more is lost by the fact that the sulphur is in
an extremely fine state of division, or even
partly dissolved, according to Debus (see above),
so that much of it runs to waste with the liquor.
The latter diffieulty has been overcome to some
extent by Sehaffner and Helbig's application of
calcium chloride liquor (comp. above) ; but, in
actual manufacturing, Chance was not able to
work this process with sufticient ease. Kynaston
(Eng. Pat. 2,473, 1885) appears to get better
results in a différent way, by the médiation of
calcium sulphite ; but as his process involves
the use of hydrochloric acid, it is not economi-
cal. Parnell and Simpson (Eng. Pat. 14,364,
1885) bring S02 and H2S into contact in the
presence of dilute sulphuric acid, in which the
polythionic acids accumulate, and are afterwards
decomposed by heating the acid.

Many attempts have also been made to utilise
the HjS by absorbing it by ferrie hydroxide or
by ferrie chloride

(Fe2Cl0 + H2S = 2FeCL, + 2HC1 + S),
with régénération of the oxide or chloride by
blowing in air ; or by employing it for precipi-
tating copper and other metals from their solu¬
tion, which, of course, is only practicable under
exceptional conditions. Barrow (Eng. Pat.
17,528, 1888) describes spécial apparatus t'or this
purpose.

Passing over the earlier attempts at decom-
posing tank waste by carbonic acid, to which
Mr. Gossage unsuccessfully sacrificed thirty
years of his life and a fortune, we shall describe
the most recent and ultimately successful
attempts in this way.

Opl's process (1882) originally consisted in
exposing soda waste, suspended in three times
its volume of water, to the action of C02, when
calcium sulphydrate is formed :

2 CaS + C02 + H20 = CaC03 + Ca(SH).2.
By employing more C02, the sulphydrate is
decomposed into CaC03 and H..S.

This process being incomplète, and requiring
the use of pure C02, it was exchanged in 1883
by Opl and von Miller for the following process
(Germ. Pat. 28,067). Soda waste, suspended in
water, is treated with H2S, when ail the CaS is
converted into a solution of Ca(SH)2, which is

separated from the insoluble portions of the
waste. (Divers, l.c., doubts the completeness
of this reaction.) The solution is boiled, where-
upon the H2S is set free and lime is precipitated :

Ca(SH)2 + 2H20 = Ca(OH)2 + 2H2S.
Half of the H2S is used for the first stage of the
process (CaS + H2S = Ca(SH)2) ; the other half is
utilised in one of the ways indicated above, or
is burned for making sulphuric acid. The objec¬
tions made to this process by Divers (l.c.)
were controverted by Weldon (S. C. I. 1885,
171). This process was, however, tried on a
large scale at the Ehenania Chemical Works, as
minutely described by Hasenclever (Chem. Ind.
1889, 434) and Deutecom (ibid. 1890, 25), but it
did not pay.

Lombard (Eng. Pat. 3,884, 1883; préparés a
solution of Ca(SH)2 in exactly the same way,
and runs this into a solution of calcium phos¬
phate in hydrochloric acid ; bicalcium phosphate
is precipitated, and H2S is set free. (This pro¬
cess, in reality invented by Gladysz, is actually
earried out in a factory in the South of France,
but is evidently of very limited applicability ;
cf. also Simpson's process, supra, p. 456.)

Haddock and Leith (Eng. Pat. 11,296 and
15,648, 1890) treat a similar solution of calcium
sulphydrate with a solution of sodium sulphate,
separate the gypsum, carbonate the sodium
sulphydrate solution, and employ the H2S given
oiï for treating fresh soda waste or milk of lime.
This process is very similar to Simpson's second
process, p. 456.

F. B. Rawes (Eng. Pat. 1,393, 1882) treats
soda waste with a solution of sodium bicar¬
bonate, and exposes it to a current of carbonic
acid, with strong agitation, in order to expel the
hydrogen sulphide. The bicarbonate was sup-
posed to serve as carrier of C02 (which has sinee
been proved to be quite erroneous). Laboratory
experiments made by Kemp (S. C. I. 1885, 144)
with this process yielded very good results, but
cannot be accepted as valid for the large scale.

James Hargreaves, T. Eobinson, and John
Hargreaves (Eng. Pat. 1,371, 1888) describe
mechanical means for promoting the décomposi¬
tion of soda waste by CO„.

The Chance-Glaus process. The real solu¬
tion of the problem of economically decom-
posing soda waste by carbonic acid was only
achieved by Mr. Al. M. Chance in 1887 and
1888, partly by attention to ail the détails,
and thus obtaining much more regular and
rich mixtures of gases, partly by so mani-
pulating the process that a quantity of ni-
trogen is got rid of, and this injurious ballast
is lessened.1 Thus, sulphuretted hydrogen is
obtained of regular and constant composition,
sufliciently rich to serve not only for the recovery
of sulphur by the Claus kiln, but also for the
successful manufacture of sulphuric acid. (The
médiation of soda is not necessary for the pro¬
cess ; indeed, Davidson and Davis (Eng. Pat.
8,901, 1891) actually destroy any sodium car¬
bonate or sulphide présent by addition of calcium
chloride.) The process is earried out as follows :

Alkali waste, as fresh as possible from the
tanks, is made into a thin eream with water, and
the coarser particles are removed by a sieve.

• Eng. Pat. 8,060 of 1887; S. C. 1. 1888, 162.
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The remaining portion is run into cylindrical
vessels, 5 feet wide and 16 feet high, seven of
which are combined into a set, furnished with
iulets and outlets for gases, and sueh an arrange¬
ment of taps that the stream of gases can be
manipulated in any desired way. Such a set
suflices to treat the waste from 300 tons of sul-
phate of soda per week. Hargreaves, Eobinson,
and Hargreaves have taken out a patent, No.
0,968 of 1889, for an apparatus forming a com-
bination of black ash lixiviating tanks and car-
bonators, both opérations being carried out in
the same vessels.

Carbonic aeid frorn lime kilns, made in the
best possible manner (in which case it will
average about 28 p.c. C02 and 72 p.c. N), is
pumped through those vessels. In contact with
fresh soda waste, the C02 is absorbed by any free
lime présent, and by CaS, with production of
CaCOj and H„S. The latter being driven for-
ward, passes into another vessel, where it meets
a further quantity of alkali waste, and is absorbed,
with production of sulphydrate, Ca(SH)2. The
gas issuing from here for a time contains only
traces of C02 or H2S ; it is, in fact, almost pure
nitrogen, and is allowed to escape, passing, as a
precautionary measure, through a purifier con-
taining oxide of iron or lime. Thus a considér¬
able quantity of nitrogen is eliminated.

After a certain time, however, this process
must be changed, for the C02 acts upon the
Ca(SH)2, and evolves H.S :

C02 + Ca(SH)2 + H20 = CaC03 + 2H,S.
AVhen this begins to take place, the outlet from
the last vessel is closed, and another outlet is
opened from an intermediate vessel, from which
HjS is issuing in sufficient strength. This gas
is conducted to a gasholder, till it ceases to be
rich enough. When this takes place, the outlet
is closed ; the first vessel or vessels, in which
the alkali waste had been entirely decomposed,
having been emptied and refilled with fresh
waste, the opérations are resumed as at first.

There is thus a reversai of the opérations
from time to time. For an hour to an hour and
three-quarters, nitrogen escapes into the air ;
then for 2J to 3J hours sulphuretted hydrogen
of an average strength of about 32 p.c. passes
into the gasholder ; after this the first opération
is resumed, and so on.

The waste is so completely decomposed that
the filtered water does not blacken lead salts ;
it consists of oarbonate of lime quite sufliciently
pure for black-ash mixing, and is especially valu-
able for this purpose by containing 2| to 3 parts
soda to every 100 parts of alkali produced. It
seems, also, verywell adapted for the manufacture
of cernent. Hargreaves, Eobinson, and Har¬
greaves (Eng. Pat. 94, 1889) improve it for this
purpose by a treatment with air or another
oxidising agent in order to remove any residual
calcium sulphide. The filtered water can be run
to waste, or continually used over again.

The sulphuretted hydrogen is colleeted in a
gasholder, 50 feet in diameter with a 17-feet lift,
holding about 30,000 feet of gas ; the water being
covered with a layer of heavy coal-tar oil, no
escape of H2S takes place. This gas is now
either utilised in a Claus kiln, where melted
brimstone or flowers of sulphur are obtained, or
else it is burned and vitriol is made of it. By

having at command rich gases, of regular com¬
position, this opération has been rendered per-
fectly suceessful. The heat generated is amply
sufficient to work a Glover tower, and moreover
to concentrate a considérable quantity of acid in
a pan on the top of the kiln ; the chamber space
required is no larger than in working Spanish
pyrites; the consumption of nitre is from 1-15
to 1-44 p.c. on the dry S03 produced. The vitriol
produced accounts for 98 to 99 p.c. of the H2S
as drawn from the gasholder, and for 95 p.c. of
the sulphur contained in the waste, a few per cents,
of sulphur being lost in the shape of FeS and
in the oxide purifier. The vitriol is quite free
from arsenic, contains a mere trace of iron, and
is almost colourless. The labour is less than
that for breaking pyrites and working the kilns,
and apart from the steam for pumping C02 no
fuel is used.

Expérience has shown that the manufacture
of sulphuric acid from the sulphuretted hydrogen
made by the Chance process cannot compete
with that from pyrites, if the sulphur in the
latter costs less than 3d. per unit (which has
been the case during the last few years). It is,
therefore, generally preferred to treat the H.,S by
the Claus process (cf. p. 491). It is mixed with
a quantity of air corresponding as exactly as
possible to the proportion H2S + O (4 vols, of air
to 5 vols, of 33 per cent. H2S) ; the mixture is
passed from the top downwards through iron
cylinders, lined with fire bricks, in which an
18-inch layer of ferrie oxide is contained on a
grate, and kept hot by the heat generated in the
process itself. Here the reaction

H2S + O = HjO + S
takes place, both the products of it being neces-
sarily in the state of vapour. The mixture of
steam and sulphurvapour is first carried through
a chamber, formed by a cast-iron pan arched
over, where much of the sulphur condenses in
the liquid form, and is twice a day tapped off at
the bottom. The vapours then pass into a large
brick chamber, where the remainder of the
sulphur is condensed in the shape of ' flowers
of sulphur ' ; last of ail, the steam is condensed
as water. The gases issuing from this chamber
still contain some unburnt H2S, as well as some
S02 ; they are very diffîcult to treat, and are
mostly burnt in order to convert the H2S into
the less objectionable formof S02, which can be,
at least to a great extent, removed by washing
with water. Other means of dealing with the
H2S, e.g. passing the gases through milk of lime,
have been found too expensive. It is to be hoped
that this drawback will be overcome, as it causes
a somewhat considérable loss of sulphur, and
the large escape of S02 is certainly not to be
neglected as a nuisance. The much greater
nuisance at first caused by accidentai escapes of
sulphuretted hydrogen through leaking joints,
taps, &c., seems to have been greatly lessened by
the further experience gained in the working of
the Chance process. But it has been found out
that sulphuretted hydrogen acts more strongly
upon iron than it had been suspected, and costly
repairs are hence unavoidable.

Hargreaves (Eng. Pat. 10,322, 1888) replaces
the ferrie oxide in the Claus kilns by perforated
blocks of earthenware or métal, for which very
ingenious mechanical arrangements are described.

IRIS - LILLIAD - Université Lille 1



494 SODIUM.

Decomposing soda waste by snpcrheatcd
steam was tried by Grouven (Germ. Pat. 29,848)
in a spécial manner. The waste is mixed with
some sawdust and water, moulded into the shape
of drain-pipes, exposed to the air for two days, and
put into retorts, where it is treated with super-
heated steam. The carbonaeeous matter présent
reduces ail the oxidised sulphur eompounds to
calcium sulphide, and this itself is, at a high tem¬
pérature, decomposed by superheated steam into
calcium oxide and hydrogen sulphide.

Treatment of the drainage from old tank
waste heaps.—This drainage was deodorised at
South Shields, on the author's plan, by mixing
it with the mud from the manganèse liquor
settlers of the Weldon process, consisting chiefly
of ferrie hydroxide and calcium carbonate and
sulphate, with a little manganèse peroxide and
manganous chloride. The ferrous and manga-
nous sulphide thus formed were revivified by
exposing them to the air ; and this, according to
E. Angus Smith, can be inade a continuous pro¬
cess by blowing air through the liquid.1 The
formation of a considérable quantity of thiosul-
phate, apart from other difficulties to be removed
by further efforts, render this process not suffi-
ciently profitable. The process as carried out
at South Shields certainly removes the nuisance
caused by the drainage.2

By another process, patented in 1871 and
1878 by Maetear, the drainage of the immense
tank waste heap aecumulated at St. Kollox,
amounting to 13,000 gallons per day, is profit-
ably worked for sulphur. These yellow liquors
contain far too much sulphide in proportion to
thiosulphate, so that on adding acid the re¬
action 2H„S + S02 = 2H20 + S3 is not brought
about completely, very much H„S being given
off. This is corrected by adding to the liquor
sulphurous acid, in one shape or another, till
the proper composition is attained. The sul¬
phurous acid is obtained by passing the fumes
of burning sulphur or pyrites-kiln gases through
a wooden coke tower, fed with water; or calcium
bisulphite is made in a similar manner, and is
added to the yellow liquor in suffieient quantity.
Thirty tons of sulphur per week are produced in
this way, at a cost of Ois. per ton, calculated in-
directly, and without allowing anything for the
value of the hydrochloric acid.

The same object is attained in a simpler and
cheaper form by Péchiney. He blows air through
the tank-heap drainage liquors till the oxidation
has reached the proper degree. In doing this,
about one-fourth of the lime is precipitated (a
reaction explained by Divers, l.c.), and thus a
corresponding quantity of hydrochloric acid is
saved in decomposing the oxidised liquor.
The Mandfactuee of Soda by the Ammonia

Pkocess.
The first germ of this process, which has

quite revolutionised the alkali trade, is, as usual,
found to have sprung up in various quarters.3
A German chemist, Vogel, is said to have known
the reaction as early as 1822, and a Scotch

1 Beport on the Alkali Act, 1877-78, pp. 9 and 29 seq.
- Dr. Ballard's Beport to tlie Local Government Board

for 1878, p. 225.
3 Compare, on the history of this process especially,

Mond, S. C. 1. 1885, 527, and Scheurer-Kestner, ibid. 1886,
822 (from Bl. 45, 302).

chemist, John Thom, seems to have actually
made some soda, in a crude way, by that pro¬
cess in 1836. Mond has definitively disposed of
the attempt made by several French savants
to claim the merit of the invention of this
process for their countrymen, Schloesing and
Rolland. Quite recently a claim has been set
up for Fresnel, who is said to have made soda
from common sait and ammonium carbonate in
1811, according to some hints found in recently-
discovered private letters ; evidently he did not
meet with much success, as nothing came of
his attempts. It is beyond doubt that the real his¬
tory of the ammonia process dates from June 30,
1838, on which day Harrison Grey Dyar and John
Hemming, both chemists residing in London,
patented a process embodying ail the principal
reactions now carried out. This was done even

more clearly in an additional patent, taken out
in France on May 18, 1840, on their behalf, by
Delaunay, where the use of a current of carbonic
acid is first mentioned. A number of patents by
other inventors followed, among which that of
Gossage (1852) is remarkable, and those of
Schloesing and Rolland (1854 and 1858) have
become best known by the detailed description
they gave in 1868 of their process.' Although
their apparatus was very ingenious, it must have
been déficient in important portions, for they
could not malce their works pay, and thereasons
given for their abandoning the process are quite
inconclusive.

In many other places works had been erected
for making ammonia soda : by Dyar and Hem¬
ming, in Whitechapel; by Muspratt, at Newton;
by Gossage and Deacon, at Widnes; and by a
number of French and German manufacturera.
But although we find every feature of the now
successful processes in these older establish¬
ments, there was ahvays something or other
wanting, and especially the loss of ammonia
seems to have been too great, so that at that
time the ammonia soda could not compete with
the Leblanc soda even in localities where the
loss of the hydrochloric acid would not have
been of much conséquence at that time. Ap-
parently, about 1860, nobody manufactured am¬
monia soda, and the failure of ail previous
attempts in that direction had evidently dis-
couraged nearly ail chemists.

It was reserved to Ernest Solvay, of Brussels,
to find the solution of that long-pursued problem.
His first patent dates from 1861, but the process
as we know it now is first described in his Ênglish
patent of September 12, 1863, followed by many
others in 1872, 1876, 1879, and later on. His
works at Couillet, in Belgium, were started in
1863, and soda made there was exhibitedin Paris
in 1867 without exciting much attention. But
since 1872 his triumph was assured, and has
given rise to a host of other inventions, most of
which have again passed into oblivion, while a
few have stood the test of practice ; so that am¬
monia soda is now manufactured not merely by
Solvay's processes (which certainly furnish the
largest share), but by several other independent
and partly secrel processes.

We mention of other recent processes than
Solvay's those of Honigmann (Lunge's Alkali,

• A. Ch. 64,1.
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iii. p. 36), Pollacsek (ibid. p. 37), J. Young
(1872), Hugo Millier (1874), Gerlach (D. P. J.
223,82), Wallace and Claus (1877), Unger (1877),
Verzijl (1876), Boulouvard (1872 and 1877),
CountMontblane and Le Gaulard (1879), Bernard
(1877), Seherbascheff (1876), Thowald Sehmidt
(C. N. vols. 34, 37, 38), Grousilliers (1875), Ort-
lieb and Millier (1880), Maguin (1883), Wigg
(1882,1884, 1885, 1888), Schaflner and Helbig
(1881), Parnell and Simpson (1885), Schloesing
(1878-85), Strassburger and Frauenkron (1884),
Pick (1885 and 1886), Claus, Sulman, and Berry
(1889), Staub (1888), Wood (1888), Davis (1888).

The theory of the ammonia soda proeess is
very simple, and is expressed by the équations
(1) NaCl + NH3 + CO„ + H.,0 = NaHC03 + NH.Cl ;

(2) 2NH4C1 + Ca(OH)2 = 2NH3 + CaCl2 + 2H..0 ;
that is, sodium chloride is treated with am¬
monium bicarbonate, either directly or indirectly,
in successive stages—namely, first by ammonia
and tben by carbonic acid. If tbis treatment
takes place at alow température, it leads to the
précipitation of sodium bicarbonate, this sait
being difficultly soluble in a solution of am¬
monium chloride. From sodium bicarbonate
the normal carbonate can be obtained by heat-
ing. The mother-liquor, containing ammonium
chloride, is treated with caustio lime, and the
ammonia is thus reeovered, calcium chloride re-

maining behind as a waste, but inoffensive, pro-
duct.

Several chemists have made laboratory inves¬
tigations of the ammonia-soda proeess. Heeren
(D. P. J. 149,47) showed that the décomposition,
as indicated by the above équation (1), is not
complété. Even by an excess of ammonia and
carbon dioxide only two-thirds of the sodium
chloride is decomposed. Bauer (B. 7, 272)
showed that the incompleteness of the reaction
is not merely due to the solubility of sodium
bicarbonate in the mother-liquor, but to the fact
that the inverse reaction—that is, the conversion
of a mixture of sodium bicarbonate and am¬

monium chloride into ammonium bicarbonate—
takes place to some extent whichever way the
conditions may be varied, even at — 15°C. The
same was noticed by Giinsburg-(B. 7, 644). He
found that at 17°C. 100 parts of a saturated
solution of ammonium chloride, containing
25-89 NH.,C1, keep 5-742 NaHC03 in solution,
and that quantity must needs be lost.

Honigmann (Hofmann's Bericht iiber dieFort-
schritte der chemischen Industrie, i. 452) found
that of 100 NaC160 were recoverableasNaHC03,
if the proportions are INaCl to 1NH3, or 66 parts
with the proportions 4NaCl to 3NH3. In the
first case each 100 parts of NH3 precipitated
90, in the second case 101 parts NaCl.

Schreib (Z. f. angew. Chem. 1888,283) has also
found that the décomposition of common sait is
always very incomplète.

In practice this incompleteness of the theo-
retical décomposition leads to a considérable
loss of sodium chloride, for any bicarbonate left
in the liquor, together with ammonium chloride,
is at the subséquent heating of the liquor eon-
verted into sodium chloride by the reaction :
(3) NaHCOç, + NH ,C1 = NaCl + NH3 + CO„ + H20
which at a higher température is complété. The
NaCl remains with the calcium chloride liquor,
and rarely pays the expense of recovering it.

Practically the manufacture of ammonia soda
requires muchmore sodium chloride thanthatof
Leblanc soda, and it is therefore most remune-
rative where common sait is extremely cheap, as
at sea-salt works, or even more so in the form
of strong brine as found in Cheshire, at Varangé-
ville, in the east of France, and in many other
places. The cost of the sait in the latter case
is entirely nominal, and thus this item counts for
much less than the smaller quantity of solid
sait required for the Leblanc proeess. The
pyrites and nitre required for- the latter are
entirely saved, and the consumption of coals in
the ammonia proeess is always much below that
required for Leblanc ash.

The only item of cost peculiar to the am¬
monia proeess is that for the unavoidable loss
of the reagent ammonia itself. 100 parts of
pure sodium carbonate are équivalent to 32-8 of
ammonia, or 162-25 of ammonium sulphate ; but
in reality, as only two-thirds of the sodium is
converted into carbonate, we must increase those
figures to about 50 parts NH3, or 250 ammonium
sulphate, for each 100 parts of Na2C03. 2£ tons
of ammonium sulphate cost about 30f., 1 ton of
pure carbonate of soda about 81. It is, therefore,
évident that the success of the proeess dépends
entirely upon so construeting the apparatus
that ail parts of it are air-tight, as a condition
for the practically complété recovery of the am¬
monia from the ammonium chloride, and it
becomes intelligible why, although ail chemical
conditions were perfectly understood before, it
was reserved for the excellent mechanical con-

trivances of Solvay to overcome ail the difficul-
ties. With the most perfect apparatus, and
with extremely careful work, it seems possible to
recover 99 p.c. of the ammonia circulating in
the system, leaving a loss of 2-5 ammonium
sulphate to 100 sodium carbonate, but probably
the loss is somewhat larger at the majority of
works—viz. 4 or up to 8 parts of ammonium
sulphate.

Apart from the advantages mentioned before,
the ammonia proeess has several others over the
Leblanc proeess. In the first instance it yields
much purer sodium carbonate than the older
proeess was formerly able to supply, both with
respect to the percentage of available soda and
the freedom from caustic soda, iron, and other
objectionable impurities. Indeed, an article con¬
taining 98 p.c. of Na2C03 (the remainder being
chiefly NaCl) is regularly turned out here.
Some of the best managed Leblanc works have
within the last years corne up to the same
degree of purity, but they are exceptions,
and even they can only supply part of their
make in this shape, another part being always
of poorer quality.

An extremely important advantage of the
new over the old proeess is its freedom from
any of the various forms of nuisance produced
by the Leblanc proeess in its entirety, but most
conspicuously by the tank waste. Indeed, if it
were proved definitively possible to do away
with the nuisance caused by the tank waste and
at the same time to turn it to practieal use by
taking out the sulphur in a complété and cheap
way, the Leblanc proeess would undoubtedly hold
its own against the ammonia proeess, at any
rate for a considérable time, unless, on the other
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hand, the efforts for recovering the chlorine
from the mother-liquors of the ammouia process
should prove sueeessful, which as yet has
certainly not been achieved (v. Chlorine).

Nearly ail the drawbacks formerly found in
the ammonia process have now vanished, and
only two remain, one of them certainly of the
first importance. It is true that the manufac¬
ture of caustic soda is cheaper with the tank
liquors from Leblanc soda than with ammonia
soda dissolved on purpose. On the other hand,
the latter yields caustic of extremely high
strength and purity (compare above), and its in-
feriority in this direction is, therefore, not so
great as was formerly assumed, and might
easily be mueh more than counterbalanced by
other advantages. But there remains a funda-
mental inferiority of the ammonia in comparison
with the Leblanc process—viz. the fact that it
yields the chlorine in a form as passive as
that of the starting material, sodium chloride.
The Leblanc process opérâtes with a sub¬
stance of great chemical energy—viz. sulphur
in the shape of brimstone or pyrites—which is
certainly converted into amuch less active form,
namely, calcium sulphide ; but the very fact that

-this substance is a nuisance proves that the
sulphur in it is still in an available form, and the
question of recovering it by a cheap process
seems now at last to have been solved by
Chance's process. On the other hand, the
Leblanc process furnishes the chlorine in the
very active form of hydrochlorie aeid, which
has many uses of its own, and which is easily
convertible into free chlorine by atmospheric
oxygen, with or without the intervention of
manganèse peroxide.

It is very différent with the ammonia process.
In this the converting agent, ammonia, is easily
and almost completely recovered; but, just
owing to the simple character of the funda-
mental reaction, the chlorine passes merely into
the state of calcium chloride, in which it is
practically useless. It is true that even from
calcium chloride it is possible to préparé hydro¬
chlorie acid or chlorine, as we shall see, but this
involves a considérable expense, and hitherto it
has not been found economical. If the Weldon-
Péchiney process for preparing chlorine from
magnésium chloride (v. Chlorine) should be
proved to be as cheap as is at présent affirmed,
it would undoubtedly be applied to the ammonia-
soda process as well, and would remove its in¬
feriority in that respect ; but the hopes held
out a few years ago in that respect have not
been realised.

Description of apparatus and processes for the
manufacture of ammonia-soda.

Although Solvay's apparatus is only one of
very many forms in which ammonia-soda
can be made, we shall describe it more par-
ticularly, because it is undoubtedly the most
sueeessful in its way, and is, at the same time,
better known than any of the other actually
working processes. It is practically carried out
at the numerous works erected by MM. Solvay
and their partners in Belgium, France, Germany,
Bussia, America, &c., and at the large English
works of Messrs. Brunner, Mond, and Co. The
following description cannot, of course, contain

the most recent improvements, as these are kept
secret by the factories. We shall add to it, in
the proper places, some notes on another sue¬
eessful plant as constructed by Boulouvard in
the South of France.

1. Préparation of the ammoniacal solution
of sodium chloride. Solvay has patented an
apparatus for starting with solid sait, but
practically he only employa brine, such as it
occurs naturally or is artificially produced in
Cheshire and elsewhere. This brine is not
always sufficiently saturated, and it is always
contaminated with magnésium and calcium salts,
which must be removed. This can be done by
various processes ; for instance, by first pre-
cipitating the magnesia by milk of lime, and
afterwards the lime by ammonium carbonate
(a trace of magnésium carbonate always re¬
mains with the liquor). This purification can
be effeeted in the same apparatus in which the
brine is saturated with common sait and with
ammonia, and the precipitate formed is removed
by an automieally-acting decanter. Aocording
to a patent of 1879, Solvay now seems to purify
the brine previously to saturating it, by adding
to it, while hot, sodium carbonate, together with
a little chloride of lime, till ail magnesia, lime,
and ferrie oxide are precipitated.

The apparatus for saturating the brine with
ammonia is shown in fig. 42. r and r1 are
tanks for brine ; a is the dissolver for ammonia,
communicating with r and r' above and below
by the cocks r' and r'1 ; only one of the tanks,
r r', q^ternately, is connected with a. Suppose
this to be r, r1 and r'1 are opened, and ammonia-
gas, together with some C02, is admitted through
the pipe t, coming from the still into a, where it
is distributed by the perforated false bottom r
and quickly absorbed by the solution. From r,
into which a suitable quantity of lime has been
introduced, and the contents of which are

agitated by w w', the brine flows into a and back
again; in case of need the circulation is pro-
moted by a propelling screw, interposed in
one of the Connecting pipes. The cooling
worm s, through which water is kept flow-
ing, takes away the heat generated in a by
the absorbing process. The pipe v serves for
introducing ground sait, by means of a wheel m
divided into several compartments, in case the
brine is not strong enough. The air escaping
through t' is passed through an apparatus,
where the ammonia which it contains is kept
back.

The saturation of brine with ammonia must
be carried to a certain point, and in this process
the bulk of the liquid is very much increased.
This increase has been utilised by Solvay in
various very ingenious ways for automatically
regulating the saturation, but this does not seem
to be very essential, as the proper point can be,
and always is, ascertained by titrating the am¬
moniacal brine.

A further indication is furnished by the
spécifie gravity of the liquor, which before the
ammoniacal treatment is = 24°Baumé, or
1T956, and after that treatment = 16°Baumé,
or 1-1246.

When the brine contains enough ammonia,
the agitator in r is stopped and a is connected
with r'. Most of the mud originally contained
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in the brine, and freshly produoed by the pré¬
cipitation of magnesia and calcium carbonate,
settles down very quickly, and is drawn off by the
bottom valves. The remainder is removed by
the continuons decanting apparatus n. The
mixture of mud and liquor is forced by carbonic
acid, acting upon the surface of the liquid in r,
through the pipe l, into the cylinder ». The
liquid portion overflows at u ; the mud settles
down in the conical part, is scraped off the
bottom by the scraper m, rises in the pipe j, and

is run off through t. According to requirements,
more or less of the contents of r are passed
through » in this manner.

The liquor must now be completely freed
from suspended particles by filtering through
closely-woven cloth under strong pressure. This
is done in the cylinder b, within which a smaller
cylinder o, with many perforations, is fixed.
The filtering-bag is either inside o, and con-
sequently taken out when full of mud, or it is
outside, in which case the mud is removed by d.

Fio. 42.

The clear ammoniacal brine must be cooled
down further before being treated with carbonic
acid. This is done in the apparatus c, eomposed
of concentric tubes z z, like a Liebig's cooler.
The inner tubes communicate alternately at
their ends by bends z', and the outer pipes by
the jonctions shown in the diagram. The brine
is run in the annular space between the two
tubes, entering through h and leaving at li'.
Cooling water is run both through the central
tube and outside ail over the apparatus.

The liquid is foreed through the cooling
apparatus, and on to the top of the carbonating
columns, by means of carbonic acid coming

Vol. III.—T

from the large force-pump to be mentioned
afterwards. The régulation is automatically per-
formed bv the apparatus, fig. 43. The liquid
flows through the valve-box c into the vessel r ;
within this the float r rises until it touches the
washer r fixed upon the rod t, which it raises,
and with it the valve s, by which the opening s'
is closed. t also acts upon the lever l, which
raises the valve s- and admits into the apparatus
compressed air or gas, which forces out the
liquid through the valve-box c1. The float r
descends with the liquid till it cornes into con¬
tact with the washer r1, whereupon it draws
down the rod f, which closes the admission of

K K
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Fig. 43.

meeting a continuous stream of brine. The
latter, becoming turbid in this action, flows over
into a second large tank, where the mud settles
down. The clear liquor flows over into a third
tank, by means of a pipe reaching to its bottom
and perforated ail along, thus becoming inti-
mately mixed with the liquor already contained
in that tank, and producing a mixture of uniform
percentage of ammonia. By adding some
sodium-carbonate in excess the remaining mag-
nesia is precipitated.

One of the few processes which hâve been
successfully set to work, apart from Solvay's, is
that of Boulouvard, and we shall describe this
also, mainly because it starts from a différent
basis, namely from solid sait, which, when ob-
tained as pure rock sait or sea sait, is sufficiently
cheap for the ammonia process. It has this
advantage in eomparison with brine—that it does
not require any preliminary purification from
calcium and magnésium salts, and that it is not

necessary in this case to obtain almost anhy-
drous ammonia, the sait being, on the contrary,
dissolved in somewhat diluted liquor ammonia,
as obtained in the recovery process (a principle
already indicated by Heeren).

Boulouvard's apparatus forobtaining ammo¬
niacal brine is shown in fig. 44. a is a lead-
lined tank, containing ammoniacal liquor, which
is diluted to the required extent and is then run

into the box b, filled with sait. Here it dissolves
sait, with absorption of heat, and passes through
the filtering-bottoms c c to the pump c, in order
to be continuously eharged into the carbonator.
Several such boxes work at the same time, so
that the sait in those which have been partially
emptied can be filled up again.

The saturation of the ammoniacal brine with
carbonic acid is, perhaps, that part of the pro¬
cess which is of the greatest importance in
the ammonia-soda method. Here the principal
reaction takes place, and, since this belongs to

compressed gas and opens the valve s for the
escape of compressed gas through s1. Fresh
liquid then enters through c, and the opération
begins over again. An ordinary dial arrange¬
ment, applied to the lever l, indicates the
number of times it has worked, and with it the
volume of the liquid forced.

A patent of 1879 describes another arrange¬
ment, namely larger vessels, of which the first
serves for the saturation itself, the ammonia gas

the class of reciprocal reactions, as we have
seen above, the best conditions must be obtained
for making it as complété as possible in the
sense wished for. Undoubtedly it is much more
important, in every practical case, to prevent
any loss of ammonia than to save more or less
sodium chloride, and the work is from the first
laid out with, this view. The température is
throughout kept down, because the conversion
of NaCl into NaHC03 is favoured by low tem¬
pérature and high pressure, the opposite feaction
by high température and low pressure. The best
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température is considered to be at 15°C., but it
is asserted that 30°C. may be attained without
doing much harm. But since the réaction pro¬
duces heat, such a température can be only at¬
tained by providing an efficient cooling System.
The opération ought to go on quickly, both in
order to get as much work as possible from the
apparatus, and to avoid loss of ammonia by pro-
ionging the time of working. The bicarbonate
of soda ought to be precipitated in a state in
which it can be easily separated from the mother-
liquor, and the ammonia compounds washed out
of it ; and this is only possible if no bicarbonate
of ammonia is precipitated together with the
sodium sait.

Solvay's carbonating apparatus seems to
fulfil ail the necessary conditions, for it has been

Pig. 46.

working now for many years without essential
modifications, and has apparently been intro-
duced in ail the works erected under his patents.
It consists of a cylindrical tower a a (fig. 45),
composed of from 15 to 25 superposed eylinders
of 3 feet 3 inches in height each, and of about
twice that widtb. Each cylinder is fitted with
a straight diaphragm, provided with alargehole
in the centre, and above this with a plate of the

shape of a spherical segment, perforated with a
number of fine holes, and nicked round the edge
(fig. 46). The guide-rod g allows some play to
the plates. A better arrangement of guide-rods is
shown in fig. 47, where c signifies the straight,
b the spherical, diaphragm, and g the guide-rods.

Carbonic acid (mixed with nitrogen, &c., as
described below) is forced in at the bottom
through pipe e by means of a blowing-engine,
and the gaseous eurrent is divided into many jets
by the sieve e. As it rises up in a volume of
liquor at least 40 feet high, it is not merely
brought into intimate contact with the liquor
(very much assisted by the large number of
double perforated partitions), but, asit must ex-
pand from its original pressure of several atmo¬
sphères to that of the outer air, and in doing so
performs a considérable amount of mechanical
work, much heat is absorbed and the tempéra¬
ture is kept down.

It seems usual now to introduce another
eurrent of carbonic acid higher up in the tower,
and to employ the richer gas for the lower, the
poorer for the higher part of the tower, with a
view of saturating the liquor with strong gas,
before it is run off at the bottom, while weak
gas is good enough to act upon the fresh ammo¬
niacal brine higher up.

The gas escaping at the top at d (which gas
still contains a somewhat considérable propor¬
tion of CO, and always carries away some am¬
monia) is first washed by a solution of sait, and
then again by sulphurio acid, in order to retain
ail the ammonia. This may be done by means
of coke-towers.

The carbonic acid is taken partly from the
calcination of the sodium bicarbonate and partly
from the lime-kiln, where the lime is burned for
decomposing the ammonium-chloride liquor.
Theoretically the former of these sources ought
to supply half the C02 required, but it is very far
indeed from that ; for the full amount of C02
given off in calcining cannot be recovered, and
nothing like the total amount of C02 introduced
is utilised in the tower. Probably at least half
as much again must be employed over and above
the theoretical quantity.

The C02 from calcining the bicarbonate
should be very pure if this opération is per-
formed in close vessels, but it is otherwise
where furnaces are used for this purpose. The
gases from lime-kilns contain at the very best
only 30 p.c.—often only 25 p.c.—by volume of
C02. The richer the gas, the better it is for the
process, and at some of the factories spécial
means are employed to attain this end.

Several processes have been proposed for
obtaining gas very rich in carbonic acid. Ozouf
employs an apparatus in which the dilute gas
is brought in contact with a solution of normal
sodium carbonate ; the solution of bicarbonate
thus obtained is heated, whereby CO„is expelled
and the original solution is recovered. Others
décomposé calcium carbonate in retorts kept at
a red heat by means of superheated steam.

As far as it is known, ail these proposais are
too expensive, and the C02 is still everywhere
obtained from lime-kiln gases, apart from that
given off in calcining the bicarbonate.

"Whiehever source the carbonic acid is taken
from, it must be thoroughly washed in order to
remove any flue-dust and sulphur acids (from
the coke), and it is thus cooled at the sama-time.
While passing through the blowing-engines the
gas becomes heated again to a considérable ex-
tent by the compression, and this heat must be
removed by another washing with cold watei

it K 2 l

Fig. 47.
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before employing it in the saturating towers.
This compressée! and cooled carbonic acid also
serves for propelling the liquor through the
various parts of the apparatus, and any absorp¬
tion of it taking place in this way is favourable
to the process.

Eeturning to the carbonating tower, fig. 45,
we notice the pipe b, through rvhich ammoniacal
brine is supplied to the apparatus from a main
pipe b, so placed that the tower is always kept
full to within 10 feet of its top. The liquor is
introduced into the tower by a tap n, fitted with
a valve, which opens towards the tower and pre-
vents the liquor from running out in case of a
stoppage. The main pipe b communicates with
the top of the tower by the pipe c. The liquor
thus passes first into the tower about the middle
of its height, and the layer above this point to
the top remains almost stationary, and is only
gradually mixed with that below.

The object of this arrangement is the follow-
ing :—The current of gases is very apt to carry
away muchfree ammonia,butmuch less ammonia
in the state of carbonate. If the liquor saturated
with free ammonia entered at the top, it would
lose very mueh of its ammonia in deseending to¬
wards the bottom. But entering where it does,

the upper portion of the column of liquor receives
so much C02 before the ammonia can be carnet
away at the top that this loss is, for the most
part, prevented. As the liquor gradually sinks
down it becomes completely saturated with CO,
and the précipitation of sodium bicarbonate
takes place. The holes in the curved dia¬
phragma would be soon stopped up with the pre-
cipitate, but this isto a great extent prevented by
the shape of those plates, which causes the sait to
slide down the marginal nicks and through the
large holes of the straight diaphragms ; also by
introducing the gas not in a continuous jet, but
in distinct puffs, which jerk the sait out of the
holes. Still, these plates do get stopped up
pretty often, and when this has taken place to
an inconvénient extent the liquor must be run
ofï and the sait dissolved by steaming out the"
tower, after which it must stand some time to
be cooled ; or else hot water is run in through
tap m and run out at /.

The carbonating towers are continuously
cooled from the outside by a copious stream ot
water. The heat is much more easily kept
down if the first absorption of C02 by NHS takes
place outside the tower, as there is nothing
like as much heat cooled in the formation of

Fig. 48.

bicarbonate from the normal carbonate. There-
fore the saturation of the NH3 with CO„ is as
much as possible effected beforehand, and the
liquor properly cooled before entering the tower.
Cogswell (Germ. Pat. 41,989) proposes a spécial
System of eooling-pipes within the tower, and
this seems to have answered very well.

In certain intervais—say, every half-hour—
the tap x' is opened and a certain portion of the
pasty mass contained in the carbonating tower
flows through pipe k, tap x, and pipe l into the
vacuum filter z, consisting of a cylinder, 5 feet
deep and 10 feet wide, with a perforated false
tottom, covered with a linen or woollen fabrie.
The mass is evenly spread on the filter by issuing
from the latéral openings of the supply-pipe,
which is thereby caused to revolve round its
axis. The space below the false bottom commu¬
nicates by pipe w with a réservoir q, in which a
vacuum is produeed by the pipe v, leading to
an air-pump not shown in the diagram. The
mother-liquor is thus drawn into q, crystalline
sodium bicarbonate remaining on the filter.
Pipe l' is arrange! for sprinkling water on the
sait (for which purpose tap y is opened and x
and x' are shut), or even for introducing hot
air to dry the sait on the filter itself (which
does not seem to be praetically done). The
water used for washing the bicarbonate is

drawn off by the vacuum, and the washing pro¬
cess is repeated till the ammonia has been as
much as possible removed. This is not pos¬
sible without dissolving some of the sodium
bicarbonate as well, nor is it possible to free this
absolutely from ammonium compounds. lie
mother-liquor contains most of the ammonia as
chloride, some as carbonate, together with a
considérable quantity of sodium chloride and
bicarbonate.

Solvay has further patente! a somewkat
complicated continuous revolving filter, which
does not seem to be in practical use.

In 1879 he patented another continuous-
washing apparatus, consisting of a long trougli
containing two longitudinal shafts revolving in
opposite directions, and each provided with a
worm, by which the sait is earried in one direc¬
tion and the washing water in the opposite one,
or else a sériés of small troughs, provided with
small scrapers, and fulfilling the same purpose.

Boulouvard's carbonating apparatus, as first
constructed and successfully worked.consistedof
a sériés of ten cylinders, placed each a littleliigher
than the preceding one, and fitted inside with
revolving troughs. The ammoniacal brine passes
from the top cylinders downwards, and the car¬
bonic acid travels the opposite way. We shov
here a modification of this apparatus, as patentedIRIS - LILLIAD - Université Lille 1
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by Péchiney in 1880. Figs. 48 and 49 show a
large cylinder A, revolving round its axle. It is
provided with a perforated horizontal diaphragm
b, running ail its length, and with a number of
perpendicular diaphragms a a, with central
openings o o and manholes z z. Through one
of the hollow trunnions, o, the ammoniacal brine
enters and the waste gases escape. The inner
tube g of the other trunnion b (shown in fig. 50),
is longitudinally divided into two parts, each of
which can be made to communicate by i with

H H

the downward branch j. This tube g serves for
running out the mixture of liquorand suspended
bicarbonate, and for introducing strong carbonio
acid, obtained by calcining the bicarbonate, while
impure carbonic acid from a lime-kiln enters
through the outer concentric tube /. The an-
nular space between / and g is laterally divided
into two tubes 11 (fig. 51), which pass along the
main diaphragm b through the first three com-
partments, so that the weak carbonic acid enters
only at the fourth compartment, but the strong
carbonic acid, through g, at the first compart¬
ment. The inner tube bends outside the cylinder
into a trough F, where the bicarbonate subsides,
and where pure carbonic acid is introduced.
The movement of the cylinder a is produced by
means of the two hydraulic accumulators p p
and the pulleys h h, so that it makes alternately

4=3

S

L
Fig. 50. FIG. 51.

half a turn to one side and then to the other.
The ammoniacal brine enters through cylinder
n and axle c into the last compartment of a,
and passes from one compartment into another
by the openings o o, and, finally, together with
the suspended bicarbonate, into the trough F.
The carbonic acid travels the opposite way, so
that the liquor continually meets stronger gas,
and at last pure CO...

The bicarbonate of soda, obtained and washed
on the vacuum filters or otherwise, was formerly
considered quite unsuitable for sale as such, as
it always smells of ammonia. Eecently this

drawback has been overcome, and such bicar¬
bonate is found in trade absolutely devoid of
smell (v. Bicarbonate, p. 480).

In order to convert the sodium bicarbonate
into commercial soda-ash (which was formerly
done with the whole of it, and is even now done
with most of it), it must be dried and, by cal-
cination, converted into normal sodium car¬
bonate. This opération is not as easy as it
would seem to be, as witnessed by the large
number of patents bearing on this point succes-
sively taken out by Solvay himself and by other
inventors. The sait has a tendency to form
lumps, the outside of which is decomposed while
the inner portion remains unchanged. This
must be overcome by mechanical means. The
décomposition of the bicarbonate commences at
60°C. ; but in order to finish it a much higher
température must be employed. The ammonia
still contained in the sait and the carbonio
acid liberated in the proeess must be utilised.

Fig. 52 shows one of the latest forms of ap-
paratus for drying and calcining, described in
Solvay's patent of 1879. It is a horizontal cast-
iron cylinder, with an agitating-shaft a, heated
by a fireplaee b ; the lire surrounds the cylinder

Fig. 52.

and then eseapes by the flue c. The damp bi¬
carbonate is introduced by latéral feed-tubes
d d, which are kept full in order to prevent any
escape of gas. The calcined carbonate is
pushed out by the tube e, reaching nearly down to
the ground. Steam, ammonia, and carbon di-
oxide escape through/. The scrapers, fixed on
a, cause the sait to travel towards the fire-end
and prevent it from adhering to the cylinder.
The vapours escaping through / are cooled
down, whereupon the steam condenses with
most of the ammonia in the form of bicarbonate ;
the carbonic acid (with traces of ammonia) is
pumped away and forced into the carbonator in
a place where the ammonia is already converted
into normal carbonate, and where such rich gas
is very efficient for effecting the conversion into
bicarbonate.

In Boulouvard's System the filtration and
washing of the bicarbonate is effected by an
hydraulic press, which yields drier sait than
either filtration by vacuum or by the hydro-
extractor (used by several other inventors). He
dries and calcines the sait in very narrow cast-
iron retorts (31 inches wide and 19 inches high),
six of which are joined to a common gas delivery-
pipe, and are heated by a direct fire to a dark-
red heat. Each retort contains about 45 lbs. of
bicarbonate, and requires six hours to dry and
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calcine. Under these conditions the product
does not form cakes. ■

Péchiney, in 1580, patented calcining the
bicarbonate in a current of heated carbonic acid
gas ; this is said to yield more granular ash than
the ordinary process.

L. Mond (Eng. Pat. 716, 1883) employs for
calcining the bicarbonate a closed mechanical
furnace, communicating with an open reverbera-
tory furnace. In the former ammonia and car¬
bonic acid are driven off, and in the second the
calcining is finished.

Hawliczek (Eng. Pat. 9,425, 1885) proposes
making soda crystals direct from the bicarbonate
of the ammonia process by dissolving it in water
and boiling it with constant agitation ; the car¬
bonic acid, ammonia, and steam are conveyed
away, and both CO, and NH3 are recovered.
The residual liquor, which is generally rather
greenish from tarry matters, is treated with
chlorine water, and then furnishes perfectly
white crystals on cooling. Mathieson and
Hawliczek (Eng. Pat. 5,753, 1887) describe an
apparatus for converting bicarbonate into car¬
bonate of greater density than ordinary ammonia
soda ash.

The formation of soda crystals from bicar¬
bonate liquor has also been patented by C. D.
Abel (Eng. Pat. 3,856, 1883).

The last opération is the recovery Of the
ammonia from the mother-liquor. It has been
pointed out before that the suecess of the
process dépends upon keeping the loss of am¬
monia as low as possible. With this object the
whole of the apparatus, as far as it is at ail
possible, is constructed in an air-tight manner,
and the movement of the liquids, or even of
pasty mixtures, is brought about by compressed
air or gas in closed pipes and the like. Wherever
any apparatus containing liquids charged with
ammonia must needs communicate with the
outer air, this is never done directly, but a coke-
tower or other washing-apparatus, charged with
a solution of sait, or with sulphuric acid, is inter¬
pose!, in order to condense ail the vapours of
ammonia.

By far the greatest part of the ammonia is,
of course, contained in the above-mentioned
mother-liquor. Solvay treats this in such a way
that the free ammonia, or that combined with
carbonic acid, is driven out first, whereupon the
' fixed ' ammonia is driven out by lime. By
utilising the beat generated in slaking the
quicklime and the exhaust steam of the blowing-
engine, it is made possible to carry on this
opération without the expenditure of fuel. The
principleof Solvay's apparatus is entirely similar
to Gruneberg's or Feldmann's column apparatus
for working up gas-liquor, described in the
article Ammonia ; but, since it had to be con¬
structed for liquors containing a very much
larger proportion of ' fixed ' ammonia than is
contained in gas-liquor, it présents very interest-
ing features of its own. Solvay's apparatus
will be understood from the diagram (fig. 53).
The liquor passes first through a rectifying
column a, where the volatile ammonia is ex-
pelled, and then successively through four
cylinders, two of which, b and n1, are shown in
the diagram. These four stills, b to b3, com¬
municate with each other by a distributor c,

similar to those used in gasworks, which permits
isolating any of thèm wifhout stopping the
others. As a rule, one of the stills is stopped
for emptying and charging while the three
others are at work. The steam passes through
T into c, and from this by i" to the longest
working-still b ; from here it cornes out by t!,
goes again into c, and passes through is into
b1 ; lastly through t4 and 0 into b2 (not on the
diagram). Erom b'2 it passes through v into the
column a, where it expels the volatile ammonia
from the liquor running down, and imparts to
that liquor a preliminary heating. In doing so
the steam is condensed, and this is completed at
the top by the refrigerator p, so that from a1
only free ammonia and ammonium carbonate,
but no steam, are carried into the dissolver (fig.
42, p. 497). Within p the cooling-coil s is itself
filled with liquid to be distilled. The float f, in
the water-vessel k, régulâtes the feed of liquor

Fig. 53.

into a; for the more gas passes- through, the
warmer the water will become. The float will
now descend, and it will thus work upon a cock
g, which admits liquor into the coil s. The
pipe l takes the liquor from s into a. Here the
overflow-pipes m cause the liquor to run down
while the steam and gases pass upwards through
nn, and are subdivided by the, perforated false
bottoms xx. The liquor collects in the bottom
compartment o, till there is enough for filling
one of the stills, b to bs, whereupon the valve k
is closed by the lever i. y is a safety-valve at
the top.

The lime required for expelling the fixed
ammonia is employed in the state of quicklime,
and is put through the doors s into the cages p,
which retain any stones, &c. The liquor run¬
ning in from o slakes the lime, and the beat
thus evolved assists the distillation process. A
patent of 1879 describes a method for slaking
the lime by a solution of calcium or ammonium
ehloride, whereby a granular hydrate is ob-

IRIS - LILLIAD - Université Lille 1



SODIUM. 503.

tained, which décomposés the solution of am¬
monium chloride more easily than the ordinary
hydrate. This is effected by running the solu¬
tion through a tower filled with the granular
hydrate of lime, and distilling off the ammonia
in another vessel.

At the end of the distillation the exhausted
liquid is run off by z, and the bottom door i is
opened so that the residual matter falls out.

L. Mond has patented a somewhat différent
still on the same principle as Solvay (Eng. Pat.
715, 1883).

Other inventors employ différent forms of
stills, ail of them, however, on the ' column '
principle, similar to those already desoribed.
The number of new patents in this direction is
very large; Mond and Solvay themselves are
constantly making fresh improvements in
ammonia stills.

The liquor running away from the stills
contains a large quantity of suspended matter
(principally lime), and must be freed from this
before being run away into any public water-
course. Solvay passes it, for this purpose,
through a continuous decanter, similar to that
shown in fig. 42, p. 497. The clear liquor now
iemaining is a solution of calcium chloride and
sodium chloride, and is quiteharmless. It may be
deprived of the sodium chloride by boiling down
and fishing out the sait, for which purpose
Solvay, in 1879, deseribed certain mechanical
arrangements. The principal object of that
process is to obtain calcium chloride free from
sodium chloride, which in this state is better
adapted for the recovery of HC1 or Cl (see
p. 504).

The cost of plant may be estimated as
follows :—

Each absorbing-tower of the above-described
kind (fig. 45) turns out about 2J- tons of soda-
ash in twenty-four hours. For each tower one
dissolver, like eb1 in fig. 42, and one ammonia still,
like bb' in fig. 53, is required. The total cost of
plant per ton of soda ash produced per diem is
6tated at 1,600Z., but this does not include
buildings and land. The plant of the new
Winnington works is constructed on a larger
scale, and partly on new principles ; each element
produces 60 tons of soda-ash per day, and the
producing-power of the works is now 10,000
tons per month.

Schloesing's process. Schloesing has intro-
duced a modification of the ordinary ammonia
process, in which first ammonium bicarbonate
is formed, and is prepared in the solid state ;
this is then treated with a solution of sodium
chloride, and thus the conversion of the latter
into bicarbonate is brought about. The bicar¬
bonate is stated to be thus obtained in a denser
form than by the ordinary process. This pro¬
cess (patented in England in 1878, 1882, and
No. 4,025, 1885) has been carried out on a large
scale at Middlesbrough.

Although Schloesing's process had been pre-
viously tried on a large scale at Eouen, where
a considérable sum of money had been spent
upon it without attàining a commercial success,
it is said to work well, but on a compara-
tively small scale (22 tons a week), at Middles¬
brough, and it is quite possible that it would
have spread much further but for the enormous

capital already sunk in works built. on the
Solvay plan. Schloesing Objeets to that plan
that in the beginning the ammoniacal brine
absorbs C02 very easily, but later on with much
difficulty, which entails the necessity of employ-
ing alargeexcess of C02, high towers, or similar
apparatus involving pumping the gas against
great pressure, and consequently expensive
plant and much motive power. Schloesing
avoids the necessity of employing such towers
or similar apparatus by preparing ammonium
bicarbonate in the following way. A solution
of normal ammonium carbonate (NH4),,C03 is
run down a coke tower, in which limekiln gases
with 30 p.c. C02 ascend ; the exit gases con-
tain only 3 or 4 p.c. C02. The ammonium bicar¬
bonate thus formed is to a great extent separated
in a crystalline form. Therefore, two towers
are worked in rotation. The strong gas passes
first through liquor almost saturated, where
crusts of bicarbonate are formed ; the weak gas
issuing from here acts, in the second tower, on
fresh liquor, containing but normal carbonate
and even a little free ammonia. On reversing
the action the weak gas and fresh liquor are
treated in the first tower, and the crusts of
bicarbonate previously formed are thus dis-
solved. The warm solution eoming from the
strong tower is brought up to full strength in a
third tower, fed with pure C02, produced in dis¬
tilling the mother-liquors with steam and lime in
columns as deseribed above (p. 502). By frac-
tional condensation nearly ail the NH3 is first
eondensed, leaving nearly ail the C02 for the
full saturation of the ammonium-carbonate
liquor in the third tower, as deseribed above.
(These towers are ail made of wood, about
8 feet square and 26 feet high.) The ammonium-
bicarbonate solution now issues in a nearly
saturated state, 40° or 45°C. warm, so that it
forms, on cooling, a thiek magma of crystals,
which is collected on a filter and separated from
the mother-liquor. When 5 or 6 tons of
(NH4)HC03 has collected on the filter, it is,
without any previous washing, converted into
NaHCOj by means of running-a strong solution
of NaCl through it. At the bottom a solution
runs off, containing one-third of the NaCl un-
changed (that is, as much as in the Solvay
process), one-third of the ammonium bicar¬
bonate, and ail the ammonium chloride newly
formed. This reaction absorbs heat, and it is
necessary to supply a little external heat to
obtain good NaHC03. The latter remains on
the filter as a solid block of 5 tons weight, and
is washed in the same spot. It is then calcined
in a reverberating furnace, so that half of the
C02 is lost with the fire gases ; by employing a
Thelen pan (p. 475), or similar apparatus, this
loss could be avoided. Schloesing's System
does away with the periodical steaming out
which is necessary with the Solvay towers, and
is very troublesome ; it also dispenses with the
large foree-pumps required by the Solvay pro¬
cess, and is asserted to work much more cheaply
in every way. The loss of NH3 is only 0'5 to
100 Na2C03. (The above is taken from notes
obtained by the writer in 1889, as colleague of
M. Schloesing in the Exhibition jury.)

The soda ash produced by the ammonia
process is much less dense than Leblanc ash ;
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the latter generally has a density of about 1-2,
the former only of 0'7 to 0-8. This causes, in
the first instance, a greater expense for pack¬
ages. Moreover, those consumers who require
soda ash for igneous processes, as glass and
ultramarine makers, complain that the ammonia
ash is more easily carried away by the draught ;
that the crucibles or retorts take a much smaller
charge, and are less easily heated, through the
mass being too porous. Even the absence of
the small quantity of caustic contained in
Leblanc ash,.which for some of its uses is ob-
jectionable, is a drawback militating against
ammonia ash in the above-mentioned cases,
because caustic renders the ash more fusible.

These objections have been to a great extent
overcome by a subséquent furnacing of the
ammonia ash, which renders it denser, by
mechanically compressing it in the casks, and,
where necessary, by directly mixing it with the
requisite quantity of caustic soda.

In most respects ammonia ash is preferred
to Leblanc ash, owing to its great strength and
purity. It is now regularly guaranteed at 98 to
99 p.c. ; such ash, according to an analysis by
Pattinson, contained, for instance :—

Sodium carbonate
„ chloride
„ sulphate

Magnésium carbonate
Calcium carbonate .

Eerric oxide
Alumina .

Silica
Moisture .

98-72
0-54
0-20
0-04
0-13
0-01
0-01
0-09
0-32

The entire absence of caustic (instead of
which there is generally a very slight percentage
of bicarbonate présent) is a spécial recommanda¬
tion for bleachers and for various chemical
purposes.

The quantity of sait decomposed in the
ammonia-soda industry in the United Kingdom
amounted to :—

In 1884
,, 1885
„ 1886
„ 1887
„ 1888

80,759 tons
115,032 „

137,220 „

158,636 „

212,181 „

The total production of the works connected
with the Solyay Company (not counting that
produced by other processes) has been stated by
that Company as amounting in 1889 to the fol-
lowing figures :—

Belgium
France .

England
Germany
Bussia .

United States
Austria

17,000 tons
100,000
125,000
100,000
17,000
60,000
11,000

430,000 tons.

The quantity of ammonia soda made by other
processes in Germany amounts to about 50,000
tons ; in France rather less. In fact, the total
quantity of sait consumed for ammonia soda in
France in 1887 was 152,202 tons, in 1888
155,902 tons, which would not yield more than

80,000 tons, or less than the Solvay works are
claimed to have made by themselves in 1890,

The recovery of hydrochloric acid, or chlorine,
in the ammonia-soda process.

1. From the calcium chloride of the ordinary
ammonia-soda process. The solution of this
problem (which is also referred to in the article
Chlorine) has been attempted in various ways.
Solvay has taken out several patents—in 1877
and later—for liberating hydrochloric acid from
CaCl3 by ignition with sand, elay, &c., in a cur-
rent of superheated steam :

CaCl2 + Si02 + H,0 = CaSi03 + 2HC1.
The hydrochloric acid obtained in this wayis
very much diluted with hot steam &c., and its
recovery is therefore incomplète and expensive.

Solvay has latterly introduced the simul-
taneous action of heat and air upon the calcium
chloride, and has actually obtained chlorine ia
this way on a large scale ; but it is doubtful
whether this is an economical process ; it is
certainly not yet introduced anywhere in current
work.

Tacquet (Germ. Pat. 30,832) heats the dry
calcium chloride obtained from the waste liquor
of the ammonia process with silica and manga¬
nèse dioxide to obtain chlorine :

CaC^ + Mn02 + 2Si02 = Cl^ + CaSiOs + MnSiOs.
This process, in which the manganèse is lost, is
evidently hopeless.

2. By employment of magnesia. Weldon, in
1872, about the same time as Solvay, patented
the use of magnesia in lieu of lime for decom-
posing the ammonium-chloride liquor, with a
view of recovering from MgCl2, by well-known
means, both MgO and HC1. This is nothing liie
so easy as was formerly imagined, and ail en-
deavours in that direction have failed. But
these labours of Weldon, pursued and enlarged
by Péchiney, have ultimately led to the working-
out of a process for decomposing magnésium
oxychloride by heat and air for the direct pré¬
paration of chlorine, as deseribed in the article
Chlorine.

That process, so far, has been carried out only
with magnésium chloride from the mother-
liquors of the manufacture of sea sait, or of
potassium chloride from the Stassfurt carnallite.
Before it could be applied to the ammonia-soda
process it would have to be seen whether the
magnesia recovered by the Péchiney process is
suffieiently active for decomposing the ammo¬
nium-chloride liquor.

Another process, by Schloesing, begins with
drying the magnésium chloride in an atmo¬
sphère of HC1; thus anhydrous MgCl, can be
obtained, which, on heating in a current of air,
readily yields up its chlorine. There are evidently
great technical difficulties to be overcome in the
first part of the process.

3. By decomposing the ammonium chloride
with sulphuric acid. L. Mond, in 1883, patented
the following process : The mother-liquor of the
ammonia-soda process is first distilled till ail
ammonium carbonate has been expelled (and
recovered), and is further concentrated, ahvays
fishing out the sodium chloride formed, till dry
ammonium chloride has been obtained. This is
heated with enough sulphuric acid to expel ail

IRIS - LILLIAD - Université Lille 1



SODIUM. 505

hydrochloric acid and form acid ammonium
Bulphate (NH4)HS04, which is either converted
by free ammonia into ordinary commercial sul-
phate or is used for dissolving phosphates.
This process is evidently incapable of being
applied to any large works, since it involves the
manufacture of enormous quantifies of ammo¬
nium sulphate or superphosphate.

4. By phosphoric dcicL. 0. N. Witt (Germ.
Pat. 34,395) proposes decomposing the ammo¬
nium chloride by phosphoric acid, which drives
off the HC1 ; after this the residual ammonium
phosphate is brought to a higher température,
and now gives up its ammonia; the vitreous
phosphoric acid remaining behind serves as
before. This process has been investigated by
Jurisch (D. P. J. 267, 424). According to him,
99 p.c. of the HC1 can be driven off at about
300°C. if a very large excess of phosphoric acid
is employed ; the residue consists of 4 mois, free
phosphoric acid, 4 mois, ammonium phosphate,
and 2 mois, ammonium pyrophosphate. By
heating this further to about 400°C., 63-6 p.c. of
the ammonia is driven off. When employing
the residue over again, 86 p.c. of the total
ammonia can be driven off. Silver or platinum
vessels are strongly acted upon, and there is no
other material known which resists the action of
fusing phosphoric acid, so that there seems to
be no way of carrying out Witt's process in aetual
practice.

A number of inventions in this line dépend
upon the fact that in volatilising ammonium
chloride it is split up into NH2 and HC1, which
by suitable means can be separated. There was,
however, no material known which could fur-
nish vessels to resist the action of NH4C1 in
volatilising. Mond (Eng. Pat. 2,160, 1889) has
shown that antimony can serve this purpose.

Gombimtions of the ammonia process with the
Leblanc process.

(1.) Applying the ammoniaprocess to sulphate
of soda. Sulphate of soda, in a solution satu-
rated at 34°C., is easily converted into bicar¬
bonate by ammonia and carbonic acid. This
fact has been utilised in the process of C. H.
GaskellandF. Hurter (No. 5,712,1883; No. 8,804,
1884 ; No. 9,208, 1886). They found that am¬
monium sulphate and sodium sulphate, when
heated together in a current of steam, are com-
pletely decomposed into free ammonia and
sodium bisulphate. The latter is heated with
common sait, when hydrochloric acid is set free
and sodium sulphate is recovered. The reac¬
tions of the process are, therefore :

1. Na2S04 + 2NH„ + 2C02 + 2K.0
= 2NaHCOs + (NH4)2S04.

2. (NH4)2S04 + Na2SO, = 2NH3 + 2NaHS04.
3. NaHS04 + NaCl = HC1 + Na2S04.
This very ingenious process does not seem

to work smoothly and cheaply enough to com-
pete with the Dyar and Hemming process. The
second reaction (an endothermic one) seems to
cost too much tirne, coal, and steam. Por
the conversion of sodium sulphate into car¬
bonate the following prescriptions are given : A
bot solution of sodium sulphate, 50-60°Tw.
strong, is purified from iron, lime, and free acid
by adding a sufficient quantity of soda, and is

oooled down to 38°C. It is then treated with
ammonia till 24 or 25 parts of NH3 are présent
to each 100 of Na2S04. The température should
be hetween 32° and 38°C. At the same time
carbonic acid is introduced, and when ammo¬
nium monocarbonate has been formed the further
introduction of C02 must take place under pres¬
sure. As soon as sodium bicarbonate begins to
separate the liquid is allowed to cool down.

(2.) Employment of Leblanc alkali waste in the
ammonia process. Sehaffner and Helbig (Germ.
Pat. 19,216) proposed decomposing alkali waste
with magnésium chloride, as in their sulphur-
recovery process {cf. p. 491). The magnesia
formed, together with another quantity pro-
duced from the magnésium chloride in excess by
addition of lime or dolomite, is used for decom¬
posing the ammonium-ehloride liquor, and thus
magnésium chloride is regenerated.

Parnell and Simpson (Eng. Pat. 381, 1,937,
7,657, 8,440, ail of 1885; 46 and 47, of 1886;
2,831, 4,648, 6,175, of 18S8) décomposé the am¬
monium-ehloride solution directly with Leblanc
tank waste. Their process has undergone
several variations; that which they seem to
have ultimately adopted is as follows : Ammo¬
nium-ehloride liquor is treated by tank waste,
whereby ammonium sulphide is given off :
2NH4C1 + CaS = CaCl2 + (NH4)2S. The vapour is
absorbed in water or in a weak ammoniacal
solution until it contains from 8 to 10 p.c. of
ammonia. This strong solution is cooled down
and subjected to a current of pure carbonic
acid (prepared as below), until crystals of ammo¬
nium bicarbonate are formed and hydrogen sul¬
phide is given off : (NH4)2S + 2CO., + 2H20 =

2(NH4)HC03+ H2S. The latter, àfter heing
washed to arrest any carbonic acid and ammonia,
is conducted into a gas-holder for use. The
ammonium bicarbonate crystals, together with a
portion of the mother-liquor, are removed from
the carbonating apparatus, and after draining
are agitated in a solution of sodium chloride, when
sodium bicarbonate is formed, which is after-
wards converted into monocarbonate. The
ammonium chloride remaining in the mother-
liquor enters again into the cycle of opérations
by being heated with tank waste, and so forth.
The ammonia which is removed in the form of
bicarbonate and mother-liquor from the carbon¬
ating apparatus is compensated for by the
addition of ammonium sulphide, so that the
strength of the ammoniacal liquor is maintained
at the same degree. The mother-liquor from the
carbonating apparatus is used for absorbing the
ammonium sulphide given off in the first stage,
of the process.

In order to obtain pure carbonic acid, lime-
kiln gases, or the like, after washing and cooling,
are brought into contact with a cold aqueous
solution containing 25-30 p.c. ammonium car¬
bonate, taking care that the température never
exceeds 21°G. Crystals of ammonium bicar¬
bonate are formed, which are separated from the
mother-liquor and heated to 74°C. in a closed
vessel. Carbonic acid, with a little ammonia
and steam, is evolved. The gas is cooled, return-
ing the condensation products to the heating
vessel, is washed with acid, water, or brine, to
deprive it of ammonia, and is then ready for
use. The liquor remaining in the heating vessel
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is cooled, when it déposits a second crop of
ammonium bicarbonate crystals, and the mother-
liquor returns to the absorbing apparatus for
carbonic acid. (Those processes have not ex-
tended beyond the works where they have
originated.)

Statistics of the manufacture of alkali.
The returns of the Alkali Manufacturers'

Association show the amount of the various
products of the soda industry annually produced
from the year 1877 to 1886 in the United
Kingdom :—

Year
Sait

decomposed

Alkali,

Leblanc
process

18 p.c.

Ammonia
process

Soda crystals
Caustic soda,

60 p.c.
Bleaching
powder1

Bicarbonate
of soda

tons tons tons tons tons tons tons
1877 578,201 217,556 6,220 169,769 74,663 105,529 12,109
1878 568,542 196,876 11,116 170,872 84,612 105,004 11,756
1879 615,287 230,683 15,526 185,319 86,511 115,290 13,083
1880 700,016 266,093 18,800 192,926 106,384 131,606 13,539
1881 675,099 238,687 20,400 203,773 108,310 135,826 12,853
1882 679,935 233,213 39,000 180,846 116,864 135,170 14,115
1883 705,732 227,284 52,750 188,678 119,929 141,868 13,609
1884 690,502 204,072 61,480 182,567 141,639 128,651 14,576
1885 722,472 184,597 77,530 202,705 144,954 132,761 15,179
1886 713,112 165,782 85,000 182,379 153,884 136,234 15,083

1887 731,199 255,272 ? 169,463 139,925 ?

1 This includes chlorate of potash, taking 5 tous of bleaching powder for 1 ton of chlorate. The amount of chlorate
now made is equal to 7,000 tous per annum.

The development of the German alkali trade
is best illustrated by the officiai returns. In
1876 (the last year for which full statistics are
given in Lunge's Alkali, 3, 73) the excess of
importatiorf into Germany over the quantity
exported from the same country was as follows :

Soda ash . . . 15,171 tons
Caustic .... 8,073 ,,

Crystals.... 14,327 ,,

Bicarbonate . . . 529 „

But the officiai statistics
follows :—•

for 1891 are as

Excess of ex- Excess of im¬
portation over portation over
importation exportation

tons tons
Soda ash 35,131 —

Soda crystals and \ 7,785crude soda j
Caustic 2,763 —

Bicarbonate — 37
Saltcake (including 1

nitre-eake) / 26,960 —

Hydrochloric acid 5,500 —

Sulphuric acid 9,436 —

Bleaching powder — 2,075

Hasenclever (Chem. Indust. 1887, 290)
estimâtes the German production of soda ash,
caustic, crystals, and bicarbonate, ail reduced to
100 p.c. Na2C03, at 150,000 tons ( = 187,500 tons
48 p.c. soda ash), against only 42,500 tons in
1878. About 75 p.c. of the German production
is ammonia ash (against 60 p.c. in France,
47 p.c. in Austria, 22 p.c. in Great Britain).
There are in Germany 9 works making only
ammonia ash, 7 only Leblanc ash, and 3 both.
While in 1878 the importation into Germany
exceeded the export to the extent of 27,000 tons
(calculated at 100 p.c. Na2C03), she exported in

1886 10,204 tons over and above the importe!
quantity.

The price per 100 kilos, of soda ash has in
the same period gone down from 20 marks to
8 marks. The value of hydrochloric acid, on
the other hand, has risen to such an extent that
several industries depending upon its use, such as
the recovery of sulphur by Mond's process,
have had to be given up to a great extent. Sul-
phurous and sulphuric acids now replace hydro¬
chloric acid in many cases.

The cost of raw materials for producing
a ton of 48 p.c. soda ash in Lancashire in 1861
and 1886 is stated by B. K. Muspratt (S. C. I.
1886, 411) as follows :—

186t.
£ s.

lj ton pyrites (Irish) . . 1 15
1 cwt. nitrate of soda . . 0 12

lj ton sait . . . . 0 10
1^ ton limestone . . 0 10
3k tons fuel . . . .11

1886.

13J cwt. Spanish pyrites (sul-l^ q
phur value)

23 lb. nitrate of soda at 10s.
25 cwt. sait at 8s.
26 cwt. limestone at 5s.
24 tons fuel at 4s. 6d. .

£4 8 0

£ s. d.

9 3
S

0 2
0 10
0 6
0 12

£2 0 3

This shows that, although the price of the
raw materials had not materially decreased
during the intervening twenty-five years, except-
ing that of pyrites (as detailed in the original),
the improvements in manufacturing processes
had led to the cost of those materials for a given
production being lessened by more than half.
On the other hand, the prices of manufacture!
articles have change! as follows :
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— 1827-1830 1839-1840 1878 1880

Soda ash
Soda crystals . . , . .

Caustic soda, 70 p.c
Bleaching powder
Brown vitriol, Jd. to l,d. per lb.
Saltcake

£16 10s.
£18 10s.

£7 10s.

£15
£11

£19

£6 10s.

£5 10s. to £6
£3 12s. 6d.

£12 10s.
£5
£3
£2

£4 to £4 10s.
£2 15s.
£8 5s.

£5 17s. 6d.
£2

£1 5s.

Hasenclever (Chem. Ind. 1880,239) gives the
following comparison o£ the cost (in Germany)
of Leblanc soda and ammonia soda per 100 kilos.

of pure sodium carbonate (100 p.c. = 58-5 English
degrees) :—

—

Priceperton,in
marks (=llft7.)

- Leblanc soda - Ammonia soda

kilos. value (marks) kilos. value (marks)
Coals 8 400 3-20 210 1-68
Limestono 2 175 0-35 166 0-33
Sait 15 150 2-25 220 3-30

Pyrites . 20 110 2-20 — —

Nitre 300 1-5 0-45 — —

Ammonium chloride 300 a— — 5 1-50

Wages — — 2-00 — 1-00

— — 10-45 — 7-81

Deduct hydrochloric acid, 250 kilos, at 1 M. = 2-50
Deduct recovered sulphur, 15 kilos, at 3 M. = 0-45

Sodium biborate, or Borax. Borax occurs in
the crude state on what are termed borax
inarshes, which are generally the bottoms of
dried-up lakes, or, where tincal is found, lakes
that are nearly dried. The crude borax in the
former instances is found lying on the surface

2-95

7 50 Marks. G. L.

of the plain, of a peculiar greyish-yellow colour,
having a depth of from one inch to eighteen
inches. It is generally associated with other
impurities, both soluble and insoluble, as the
following table of analyses shows :—

Composition of crude borax, from the marshes.

l 2 3 4 5 6 7 8

Sodium biborate .... 30-30 38-3 2-10 53-08 1-9 33-30 6-52 45-20
Water . ■ 37-68 40-8 14-08 39-24 25-7 25-88 16-46 43-80
Sand and insoluble matter 18-00 10-9 12-80 1-20 33-0 2-40 8-Sf) 7-15
Sodium carbonate .... 6-10 5-3 16-10 5-50 34-3 13-70 18-30 2-75
Sodium sulphate .... •26 "•1 19-10 •35 •5 8-25 20-22 —

Sodium chloride .... •50 •4 34-60 •50 •7 15-40 -28-20 •40
Calcium carbonate .... 3-28 2-4 • -70 — 2-0 •60 •80 ■30
Magnésium carbonate 2-26 ■4 •30 — •6 •30 •50 •30
Oxide of iron and alumina 1-62 i-4 •22 •13 1-3 •17 ■20 •10

100-00 100-0 100-00 100-00 100-0 100-00 100-00 100-00

At Jagadhri, in Northern India, 37 miles
S.E. of Umballa, there is a borax refinery, the
produet of which is shipped to Calcutta. The
quantity of tincal and borax obtained from
the districts of the Himalayan mountains
amounts to about 2,000 tons per annum. The
tincal depbsits are of very ancient origin. In
North America there are no less than ten de-
posits, five of them being in the State of Cali-
fornia—at Saline Valley, Furnace Creek, and
Armagora (in Inyo county), Slate Range (in San
Bernardino county), and Lower Lake (in Lake
county) ; the remaining five are in the State of
Nevada—at Rhodes, Teels Marsh, Colnmbus,

and Fish Lake (in Esmeralda connty), and Sait
Wells (Carson Lake, Churchill county).

Borax was first accidentally discovered in
California, in 1856, by Dr. John A. Veateh, since
which time the différent deposits mentioned
have been developed, the quantity produced
amounting to about 4,000 tons annually, although
the available supply is practically:unlimited,and
is solely regulated by the demand. The sp.gr.
of borax is 1-73. The anhydrous sait Na2B40,
has a sp.gr. of 2-367, the composition being :

Boracie acid B203 . . . 69-05
Soda Na20 .... 30-95

ÎÔTÔÔ
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Table of the solubility of borax in water.

Température
Centigrade

100 parts of water
dissolves Na.B.0,

100 parts of water
dissolves Na2B40710H2Ô

0° 1-49 parts 2-83 parts
10° 2-42 „ 4-65 „

20° 4-05 „ 7-88 „

30°1 6-00 „ 11-901 „

40° 8-79 „ 17-90 „

50° 12-93 „ 27-41 „

60° 18-09 „ 40-43 „

70° î 24-22 „ 57-85' „

80° 31-17 „ 76-19 „

90° 40-14 „ 116-66 „

100° 55-16 „ 201-40 „

We will first indicate the principal sources
and characters of the raw materials employed in
the manufacture of borax before deseribing the
process of making that sait.

Boracic acid B.2033H20. The most abun-
dant source of suppiy at présent is that of
Central Italy, where it is produced on a large
scale in the territories of four communes :

Pomerance, Massa Marittima, Castel Nuovo di
Val di Cecina, Montieri, ail in the province of
Tuscany, the nearest shipping point being Leg-
horn, to which place it is brought by railroad
from Volterra, the amount annually produced
averaging 3,000 tons. It also occurs in the ex-
tinct erater of a volcano on one of the Lipari
Islands, and in the crater of Stromboli, an active
volcano on another island of the same group,
near Sicily. It exists in solution in the minerai
waters of Wiesbaden, Aachen, and Krankenlied,
in Germany ; in the mud volcanoes of the Colo¬
rado desert, in San Diego county, California ;
in the water of- several minéral springs in
Tehama county, California ; in the waters of
the Mediterranean Sea and Pacific Océan.

Sassolin, or Tuscan boracic acid, is never

produced in the pure state, but is always associ-
ated with impurities, both soluble and in¬
soluble. It differs considerably in quality, some
parcels containing 89 p.c. of crystallised acid,
while others yield only 75 p.c. The following
analyses show its général composition :—

Analyses of crude Tuscan boracic acid.
Boracic acid B,03 . . .

Water Aygr°scopic . . .
1 combined

Ammonium sulphate (NH3)2S04 .

Sulphate of alumina and
iron J

Calcium sulphate
Magnésium sulphate .

Sodium sulphate.
Sodium chloride .

Sand ....
Sulphur
Organic mat ter .

47-95
37-00

•73
5-67

•13

trace
6-91

•07
•23
•42

•89

44-04
33-98

2-80
10-62

•20

1-20
4-03
1-10

•32
•80

trace
•91

100-00 100-00

1 At the température of 27°, borax solutions hold 1 lb.
of borax to the impérial gallon, and hâve a sp.gr. of 1*050
or 10°Tw. The général crystallising strength is 1*160
sp.gr., or 32°T\v., when the solution holds 5 lbs. of borax
to the gallon, crystallisation commencing at 65*5°.

j

An analysis of an average sample taken from
5,000 tons shows it to be composed as follows :

Crystallised boracic acid 1
B203.3H20

Hygroscopic water .

Ammonium sulphate
Magnésium sulphate
Iron and alumina
Sand, organic matter, &c.

83-46

1-40
5-30
7-50

■30
2-00

100-00

Table of the solubility of boracic acid in water.

Tempéra¬
ture

Centigrade

Solution
in parts
of water

100 parts
of water
dissolve

Saturated aqueous
solution eoutains

p.C. B-jOaSHaO

18-7° 25-66 3-9 parts 3-73
25-0° 14-88 6*8 „ 6-27
37-0° 12-66 7-8 „ 7-32 ■

50-0° 10-16 9-8 „ 8-96
62-5° 6-12 16-0 „ 14-04
75-0° 4-73 21-0 „ 17-44
87-5° 3-55 28-0 „ 21-95

100-0° 2-97 34-0 „ 25-17

Boracic acid evaporates freely in a current
of steam. The loss sustained by evaporating
an aqueous solution is -28 p.c. of the water
evaporated, equal to 2-8 lbs. for every 100 gallons.

Calcium borates Cad^O,,. There are tbree
varieties of calcium borate, which correspond to
the three varieties of calcium carbonate, cale
spar, marble, and chalk—viz. boracite, cole-
manite, and pricite—each found in différent
parts of the world in large quantifies, and of a
well-defined and constant composition. Boracite,
in outward appearance, closely resembles a snow-
white, fine-grained marble ; • coleinanite is of a
crystalline nature like calc spar, or Iceland spar,
and has been termed borate spar ; pricite, or
bechilite is a very fine, white, soft, chalky
minerai of a cohesive nature, easily rubbed to
powder, and resembling chalk. Chemically
speaking, they are ail hydrated sesquiborates of
lime, differing only in their composition in
respect to the water of combination, their com¬
position being given in table on following page.

Boracite has been extensively mined for
several years (since 1869) at Sultan-Chairi, in the
district of the Villayet of Brousa, in Asia Minor,
forty-five miles from Panderma, a port on the
Sea of Marmora ; the principal deposits, as far
as yet known, exist near the Tschataldga
Mountain in longitude 28° 2" east of Greenwich
and latitude 40° north. The Susurlu river runs

from the Tschataldga Mountain to the Sea of
Marmora; it is partly navigated to a point
called Mohalitch ; the field is situated in a
basin of tertiary âge, surrounded by volcanio
rocks, which vary from granité on the east to
trachyte on the north, and columnar basait on
the west. Several basaltic hills and dykes pro-
trude in différent portions of the basin, and the
presence of hot and minerai springs further tes-
tifies to the volcanic influences which have been
at work, and in which doubtless originated the
boracic minerai. The latter occurs in a stratum
at the bottom of an enormous .bed of gypsum ;
its greater sp.gr. probably impelling it down-
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Ca2B0OiX3aq Ca2Ba0n4aq CaaB60,,5aq CaaB.OnGaq

Boracic acid B203 .

Lime CaO ....

Water H20 ....

55-8
30-0
14-2

53-3
28-4
18-3

50-9
27-2
21-9

48-8
26-1
25-1

1000 100-0 100-0 100-0

wards, while the whole mass was yet in a soft
state. Several feet of clay cover the gypsum bed,
which is here 60 or 70 feet thick, though in
places it attains to double tbat thickness. The
borate strata vary in depth, and bave been proved
for a vertical distance of 45 feet. The minerai
exista in closely packed nodules of very irregular
size and sbape, and of ail weights up to a ton.
It is easily separated from the dark-coloured
gypsum in which it is embedded, and a number
of people are employed at the pit mouth in
picking and selecting the material. About eight
thousand tons are extracted from these mines
yearly, the material being carted to Panderma
for shipment ; it is sold on a basis of 40 p.o.
boracic acid, which would be equal to 78-5 p.c.
of the pure calcic sesquiborate with five molé¬
cules of water Ca2BsO„5aq, the remainder eon-
sisting of calcium sulphate and other impurities.

Borate spar or colemcmite has been exten-
sively mined since 18S3 at Calico, in San Ber-
nardino county, California, 462 miles south-east
of San Francisco. The geological formation
of the surrounding hills consista of black lava,
sandstones of différent colours, gypsum, steatite,
and calcium carbonate ; it is found in veins and

seams from 2 feet to 8 feet in thickness, in some
cases dipping at an angle of 36°, and at others
running into the hillsides almost horizontally.
Its colour and streak is white-milky to trans¬
parent ; hardness 3-5-4 ; sp.gr. 2-4 ; before the
blowpipe exfoliâtes, decrepitates violently and
melts imperfectly after considérable heating ;
it imparts a reddish-yellow colour to the dame,
which changes to green. The minerai pul¬
vérisés easily, fragments obscurely rhombic, it
is wholly soluble in hot hydrochloric acid ;
from the solution boracic acid crystallises on
cooling. Lustre of the minerai is vitreous to
adamantine, exhibiting many specimens of per-
fect crystals. The veins and seams are inter-
spersed with masses of calcium carbonate and
magnésium silicate, from which, like the
boracite, it has to be picked and selected. As
much as 2,500 tons per annum bave been taken
from these mines.

Its formula is Ca2B60„5aq ; it is sold on the
basis of 40 p.c. boracic acid. Average samples
from the bulk vary in composition from 33-8
p.c. of boracic acid up to 41-2 p.c. ; the following
analyses may serve as examples of the général
composition :—

Borate spar.

Component parts 1 2 3 4 5

* Calcium sesquiborate Ca2B60„5aq . 66-2 70-4 75-0 78-00 80-80
Calcium carbonate CaC03 16-3 15-1 11-6 8-75 7-17
Insoluble matter Si02 10-5 10-2 8-9 7-10 7-60
Eemaining impurities MgO, &c. 7-0 4-3 4-5 6-15 4-43

— 100-0 100-0 100-0 100-00 100-00

*
= to boracic acid .... 33-8 p.c. 35-9 p.c. 38-2 p.c. 39-8 p.c. 41-2 p.c.

Borate spar is also found in the neighbourhood
of Furnaee Creek, Inyo county, California ; its
outward appearance is frequently so exactly
like calc spar as often to be mistaken for that
minerai. Prieite has hitherto not been so ex-

tensively mined as boracite and colemanite ; a
mine of this minerai, however, is being worked
at Lone Banch, Cheteo, Curry, county Oregon,
from which source, since the first cargo was
extracted by E. L. Fleming in 1888, several
hundred tons have been taken out. It is found
embedded in boulders of différent size, the
nodules varying in weight up to one ton. It
is of a soft chalky nature, purely white, can be
ëasily rubbed to powder, but is of a cohesîve
character ; it is very soluble in sulphurous acid,
hydrochloric acid, or acetic acid, yielding boracio
acid. The following analysis from bulk shows
its composition :—

Boracic acid B203 . . . 44-24
Lime CaO .... 30-91
Water H.20 .... 23-00
Magnesia MgO.... -65
Silica Si02 .... 1-20

100-00

Becliilite is a calcium borate found in the
lagoons in Tuscany.

Mr. N. H. Darton (Am. S. 1882) describes a
minerai from Bergen Hill, New Jersey, United
States.

The composition of both these minerais
may be represented by the formula CaB40,5aq :

Boracic acid B203 . . . 48-9
Lime CaO 19-6
Water H20 31-5

100-0
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Bwcmatrocalcite. Ulexite, tiza, cottonballs,
CajBjOuNa^OjlCaq

(hayesin) is a soft, fibrous, silky minerai of a
brilliant white when pure, generally found in
nodules of a yellowish white colour, varying in
size from that of a Brazil nut to a potato. This
curious minerai was first found in the nitre
beds of Peru in small quantifies, and was
examined by Ulex in 1836. It was diseovered in
Tarapaca, 30 miles from Iquique, under the
crust that covers the nitrate of soda beds. It
has since been diseovered in Chili, Bolivia,
California, Nevada, Nova Scotia, and Persia.

Its composition is constant, containing, when
pure—

Boracic acid B.Oa . . . 43-1
Lime CaO 13-8
Soda Na,0 ..... 7-7
Water H20 35-4

100-0
The nodules frequently are found incrusted

with a coating of sodium sulphate and sait,
from which cause the percentage of boracic acid
in large pareels varies considerably, the average
being from 18 to 25 p.c.

Chili has hitherto been the principal
source of supply of this borax material, from
2,000 to 3,000 tons being extracted annually
and shipped from the ports of Iquique and
Caldera. Ulexite, when in a state of fine divi¬
sion, is difficultly soluble in boiling water.

Magnésium borate. Stassfurtite(Szaibelyte).
This minerai occurs erystalline and massive,
colour white, streak white, fracture conchoidal
uneven, subtransparent, translucent, lustre
vitreous inelining to adamantine, hardness 7,
sp. gr. 2-83, pyro-electric, soluble in acids. It
is found at Stassfurt, Prussia, embedded in the
kainite beds, the composition being—•

Boracic acid .... 62-33
Magnesia 27-03
Chlorine 7-91
Magnésium .... 2-73

100-00
It is also found in nodules in gray limestone

at Werksthal, Hungary, and at Danbury, Con-
neeticut, United States.

Calcium borosilicate. Dotolite (Howlite).
A siliceous borate of lime, colour white,
streak white, opaque, of a chalky nature, found
at Calico, San Bernardino County, California,
and at Brookville, Nova , Scotia. Composi¬
tion—

Boracic acid .... 44-22
Lime 28-69
Silica ' 15-25
"Water 11-84

100-00
Ammonium borate. Larderellite. A minerai

found in the lagoons of Tuscany. It occurs
in small erystalline rhomboidal plates.

Boracic acid .... 68-556
Ammonia .... 12-734
Water 18-325

99-615

Lagonite is a borate of iron, also found in
the Tusean lagoons. Sussexite is a newly dis¬
eovered hydrated borate of manganèse and

magnesia found in Sussex County, New JerseyJ
United States. Tourmaline, found in différent
parts of the world in différent colours, also con-
tains a small percentage of boracic acid.

The manufacture of borax from boracic acid.
This industry is chiefly associated with the

production from the Tuscan lagoons. The crude
acid, packed in large casks weighing about 13
cwt., on arrivai at the borax works is first of ail
manipulated in the casks themselves. For this
purpose, the cask is placed on what is termed a
stillage, the head taken off, the acid loosened
with a spade and treated with small quantifies
of water for the purpose of washing out the sul-
phates of ammonia and magnesia, which, on
account of their superior solubility easily sepa-
rate from the less soluble boracic acid, the wash-
ings being used for the recovery of the ammonia
and magnesia they contain, whilst the acid,
which formerly contained 83-46 p.c. B.033aq,
or équivalent to 128-5 p.c. borax, is brought up
to a strength of 96-67 p.c. BaO ,3aq, or équivalent
to 148-87 p.c. borax. The acid, after draining
for twenty-four hours, is then placed in wicker
baskets and transferred to the saturators. These
are made of wrought-iron § plates, having a dia-
meter of ten feet, egg-ended,height 9 feet 6 inches,
provided with hopper and swivel discharge, still
head, inspection glasses, run off stop-cocks, and
connected by steam pipes with a perforated
iron coil in the bottom of the pan for the purpose
of boiling the borax liquor with injected steam.
There is also a manhole with movable covev.

When the saturator is ready for charging, liquor
is pumped in to the height of four feet, or 2,300
gallons, which is then boiled with steam and
soda ash. The anhydrous carbonate of soda is
added, about 23 cwts. being generally required to
60 cwts. of acid. When the soda ash is ail dis-
solved the manhole lid is placed on, and the
boracic acid is put in by degrees through a
hopper, half a hundredweight at a time. At
eaeh addition of acid a brisk ebullition of ear-

bonie acid takes place, which passes along the
still head, and after being deprived of its am¬
monia is utilised for making bicarbonate of
soda.

After the saturator has received its charge of
soda ash and acid the liquor is thoroughly boiled
for five hours and allowed to settle, in order that
the solid impurities may subside. This gener¬
ally occupies from eight to ten hours, after which
the liquor is run into large wrought-iron vats
twelve feet long, six feet wide, four feet deep,
into which the wires made of iron, technically
called ' straps,' are suspended over bars of wood
laid across the top of the vat. The liquor on
cooling crystallises on the wires, sides, and
bottom of the vat, and when the température has
fallen to 26° (80°F.) the liquor is siphoned off
from the vats, and men get in, and, by the aid of
iron bars terminating in a ehiselled end, first
remove the crystallised borax from the straps,
then eut up the borax crystallising on the bottom
of the vat, and lastly knoek down the sides.
This borax is not of sulfieient purity for the
market, and is, therefore, subjected to a second
refining, and, if necessary, bleaching. For this
purpose a sériés of pans, called refining pans, are
employed ; they are also of -\yrought-iron, circular,
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9 leet diameter, egg-ended, 8 feet deep, open
at the top and provided with oradles o£ wrought
iron, perforated with holes suspended by iron
chains from a patent block overhead in such a
manner as to be raised or lowered in the
pans as required. The pans are boiled with
steam issuing from a perforated pipe in the
bottom. They are first half filled with water, or
some of the elearest liquor from a previous
opération, and when the liquor is boiling erude
borax is thrown into the cradle and allowed to
dissolve. The right amount of borax is tested
by means of the Twad. hydrometer, which should
mark when the liquor is of the required strength,
30°. About 5 ewts. of carbonate of soda is
added, and a little chloride of lime, and the
whole thoroughly boiled. The saturated liquor
is then allowed to settle in the pans for ten hours,
covers being placed on them to prevent the
liquor chilling ; the pans are run off into vats of
similar size and shape to those employed in the
first process, and the borax allowed to crystallise,
which takes six days. Upon the expiration of
that time, the liquor is siphoned off to a well,
made by sinking a wrought-iron tank in the
ground below the level of the vats, and if impure
is pumped up to the refining pans to be used over
again, and if sufficiently pure is pumped to boil-
ing-down pans, to be concentrated to such a
degree as to yield a further crop of borax.

The liquors from the first vats are also
pumped to the boiling-down pans, where they
likewise undergo a process of concentration.
These boiling-down pans are made of wrought
iron, and are capable of holding about 4,000
gallons. They are provided with dry steam coils,
and are superior to other means of concentra¬
tion from the fact that they are completely
under control, and the evaporation of the liquor
can be regulated as fast or as slow as may be
necessary. The liquors in these pans are concen¬
trated until they reach a sp.gr. of 1,300, or 60°
Tw., when they are run off into vats to yield first
a crop of borax, and then upon reaching a tem¬
pérature of 80° Fah. they are siphoned off into
other vats where they yield a crop of Glauber
salts, or sodium sulphate, after which the liquors,
being rich in sodium carbonate, are used again
in the saturators for making up a fresh batch of
borax with aeid and soda ash. The mother-
liquors strong in common sait and weak in
sodium carbonate are further concentrated in
jacketed pans, where, on continued boiling, the
sait falls to the bottom, is collected by means
of rakes, and fished out with perforated scoops
provided with long wooden handles, and the sait
is ladled into iron baskets set over the pans and
allowed to drain. By this means ail the salts
contained in the soda ash and boracic acid are

saved, and nothing is run to waste.
The washings from the boracic acid in the

first process, containing the sulphate of am-
monia and sulphate of magnesia, are collected
together, and placed in a wrought-iron still pro¬
vided with a dry steam eoil. The requisite
amount of sodium carbonate is then added, and
the ammonium carbonate is distilled off, yield-
ing a highly concentrated and very pure carbon¬
ate of ammonia liquor, which is either sold in
that state or utilised for making the purest
voleanic ammonia salts.

The borax from the refined vats, consisting
of the straps and sides, is carried to the paeking
room, there to be picked, selected, and packed
in casks, whilst the borax bottoms, not being in
the form of merchantable borax, are refined-
again.

Manufacture of borax from, sesquiborate Of
lime.

The minerai is first crushed in a stone
breaker, the size of jaws being eight inches and
known as a number 4, easily capable of crushing
twelve tons in twenty-four hours. As the minerai
passes through it is taken up by an elevator and
run through millstones,thirty inches in diameter,
and placed by the side of the orusher. There
are two pairs, one grinding fresh ore and the
other grinding the tailings. The millstones
deliver the powdered ore into another elevator,
which passes it through a bolting or sifting
machine, ten feet long, thirty inches diameter,
having octagonal sides, the bolting cloth being
of silk known as No. 8. As considérable fine
and impalpable dust arises from the sifting, it is
kept down by means of an exhaust fan blowing
the dust into a dust room. The fine minerai is
conveyed by means of an Archimedean screw
and elevator into bins, each holding a certain
quantity and placed over the saturators. These
are wrought-iron tanks capable of holding q.
charge of 2,500 gallons, and provided with suit-
able agitators and either dry or wet steam coils,
the bottom of the saturators being connected by
three-inch wrought-iron valves and pipes to a
powerful pump for the purpose of removing the
contents of the saturator when desired. The
saturators are grouped together in sets of four
for facilitating the lixiviation of the contents by
means of repeated washings, after the first de-
composition of the minerai. The saturators,
as in the case of the manufacture of borax from
boracic acid, are first charged with liquor and
brought to the boil; a charge of soda ash,
usually about 30 cwt., being put in, which is
sufficient to décomposé three tons of the borate
of lime which is gradually added after the soda
ash is ail dissolved. The soda ash gradually but
completely décomposés the sesquiborate without
tumult, forming carbonate of lime, borate of
soda, and biborate of soda: Ca2B60,, + 2Na2C03
= 2CaC03 + Na,B407 + 2NaB02.

After boiling five hours the steam and
agitators are stopped, and the muddy liquor
allowed to settle for ten hours, after which time
the clear supernatant liquor is run oS to vats to
crystallise, and the residue is again washed with
weaker liquor from the saturator previously
washed, the opération being repeated of boiling
and washing with the gradually weaker liquors
from the other saturators in rotation. By the
time the mud has received eight washings, the
last being with water, the whole of the borax
will have been removed, and the chalk which is
left is then pumped through an iron filter press,
which completely presses out the remaining
weak liquor and leaves the chalk in a solid cake,
which is generally thrown to one side, being too
impure for any purpose. The first liquor run to
the vats contains the biborate and borate of
soda, together with carbonate and sulphate of
soda in solution. The biborate of soda or borax
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crystallises out after cooling in the vats for
about six days, leaving the borate of soda in
solution. The liquor is then siphoned off into
the well and pnmped to the boiling-down pans,
where it undergoes the proeess of concentration
until it reaches a sp. gr. of 1,350 to 1,400 (70°
to 80°Tw.), when it is run off into vats and
allowed to throw a further crop of borax. The
mother-liquor is now of a syrupy consistence,
and is pnmped into a decomposing tank, where
carbonic acid gas is blown through it. The
following décomposition takes place :

4NaB02 + C02 = Na,B407 + Na,C03.
The borax falls to the bottom of the tank in

a finely-divided state, whilst the carbonate of
soda remains in solution, and can be used over

again in the saturators for the first opération.
The refining of the borax from the first proeess is
the same as that employed in the boracic acid pro¬
eess, and therefore need not be further described.
The only précaution necessary is the addition of
a little bicarbonate of soda in the pans to dé¬
composé any borate of soda that might be
associated with the borax. Three tons of
borate of lime, testing 100 p.c. borax, produce
2 tons of borax and 1 ton borax in the state of
borate of soda. Borate of soda may be formed
by mixing the coneentrated solutions of borax
and caustie soda together in their équivalent
quantifies, and evaporating to 70°Tw. :

Na^BjOj + 2NaHO = 4NaB02 + H20,
from which the borate of soda crystallises in
needle-shaped crystals having the formula
NaB024H20, and the composition :

Boracic acid .... 25-3
Soda 22-5
Water 52-2

100-0
100 parts of borate of soda, when decomposed

by carbonic acid, produce 65-6 parts of borax,
and 34-4 parts of carbonate of soda ; about 30
cwts. of borate of soda then produces 20 cwts. of
borax.

Manufacture of borax from ulexite.
Borax is manufactured from this minerai at

the various deposits, and also in England,
France, and Germany, to which places it is ex-
ported from Chili and California, selected and
packed in sacks.

The first opération consists in reducing the
material to a state of fine division, and for this
purpose a mill is used so constructed as to tear
the borate tt> pièces instead of grinding it, which,
owing to its fibrous silky nature, is found pré¬
férable.

The borate is then mixed with its proper
proportion of soda ash and bicarbonate of soda,
or soda ash and boracic acid, having regard to
the fact that if associated with much gypsum a
proportionate additional allowance of soda ash
must be made, as the gypsum décomposés the
sodium carbonate, forming sodium sulphate
and chalk. The composition of ulexite being
Ca2Be011Na3B407, it requires one équivalent of
bicarbonate of soda and one équivalent of car¬
bonate of soda to décomposé it :

2(Ca2B„011Na2B407) + 2NaHC03 + 2Na2C03 =

5Na„B4Or + 4CaC03 + H20.

These ingrédients are ail mixed together in the
dry state. The proeess adopted is similar to the
processes already described—namely,that of first
boiling the liquor in the saturator, then gradu-
ally adding the crude material, boiling, settling,
lixiviating.

100 parts of the ulexite, testing 43 p.c. bora¬
cic acid, require 10 parts of bicarbonate of soda
and 12 parts of carbonate of soda, for its con¬
version into 117 parts of borax.

Manufacture of borax from crude borax.
This branch of the industry is generally

. carried on at the borax marsh. It may be
désirable to give a description of the Saline
Valley, Inyo County, California, where the most
extensive deposit of natural borax exists in North
America, before entering into the détails of
refining.

The valley, situated on the eastern slope of
the Sierra Nevada Mountains, eleven miles from
the Carson and Colorado railroad, is eighteen
miles long and twelve miles wide, surrounded
with mountainous hills which affqrd no outlet,
and therefore the valley may be said to be the
bottom of a dried-up lake. At the point of
deepest dépression an area of over one thousand
acres is covered with crude borax from six to

eighteen inches in depth. The colour of the crude
material as it lays upon the level plain is of a
peculiar gray yellow, giving the surface the ap-
pearance of snow somewhat tinged by âge. The
borax in Saline Valley is mixed with sand, which
is volcanicash and decomposed lime rock, sodium
sulphate, sodium carbonate, and sodium chloride.
The surrounding hills consist of granité, marble,
dolomite, black lava, and felspar. The composi¬
tion of the crude material varies in strength from
10 p.c.of borax up to 90 p.c., whilst in some places
on the marsh under a crust composed of sodium
sulphate, sodium carbonate, and common sait,
beds of tincal, or large crystals of borax, some
two feet in thickness, are found, whilst below the
tincal there is a strong saturated yellowish
liquor containing one pound of borax to the
gallon. AU the manipulation that is required is
to shovel off the surface of the marsh to a depth
of eighteen inches and cart the material to long
semicircular wrought-iron pans set on arches of
stone, fired beneath with wood fuel obtained in
the neighbourhood. The pans are charged with
water, and the crude material thrown in and
vigorously stirred about with long pôles, until,
with the aid of heat, ail the soluble salts are
dissolved. The fires are then withdrawn, and the
contents of the pan allowed to settle for ten
hours, when the liquor is drawn off into vats,
where the borax crystallises out. The mother-
liquor after six days is drawn off, and the borax
is taken out and packed into sacks for ship-
ment.

Manufacture ofboracic acid by sulphuroits
acid.

This proeess consists in first of ail grinding
the borate of lime or ulexite to an impalpable
powder.

A large wrought-iron tank, circulai- in shape
and egg-ended, is lined with stout sheet lead ; it
is provided with a cover and still head, me-
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chanical agitator, and steam pipes. It is first of
ail charged about half full with water or weak
liquor from a previous opération. The liquor is
then boiled, and the powdered borate fed in by
means of an Arehimedean screw.

Sulphur is then burnt in an adjoining furnaee,
and the sulphurous gas is injected by means of
a peculiarly constructed lead injector into the
boiling liquor. The gas is wholly absorbed by the
calcium borate, which itself is slightly soluble in
water, boracic acid and calcium sulphite being
formed. The steam arising from the opération,
containing boracic acid vapours, passes from the
still head through a condenser in order to pre-
vent any loss that would occur. When the opéra¬
tion is complété, the steam and gas are shut off,
and the contents of the pan allowed to settle,
which occupies about ten hours. The clear
boracic acid liquor is then run either into vats
made from white sugar pine, or of ordinary wood
lead lined, where the boracic acid crystallises
out. The mother-liquors are then drawn off, to be
used over again if not too highly impregnated
with foreign salts, or still further treated for
the recoveryof the calcium sulphite and the
slight percentage of boracic acid tkey con-
tain.

Boracic acid is also made by treating calcium
borate with either muriatic, sulphuric, or acetic
acid.

Borax may be determined volumetrically. For
tlris assay, a standard solution of hydroehloric
acid is prepared, in which an exact chemical
équivalent of the borax shall be contained in
each litre. The standard solution preserved in
a well-corked bottle provided with a glass
siphon tube, is erected on a shelf over the
burette, so that the standard solution may be fed
into the burette as required. An équivalent of
the borax to be assayed (or rather what would
be an équivalent if pure) must thén be dissolved
in distilled water. Now, if both solutions were
exact équivalents, they would neutralise one
another if poured together. When litmus is added
to a solution of borax, only a purple-blue colour
is seen while any borax remains undecomposed,
but immediately there is the slightest excess of
acid a light-red colour appears ; if there be any
doubt, dip pièces of red and blue litmus paper
into the solution and dry them. The standard
solution is so regulated that 100 c.c. are équiva¬
lent to 10 grms. of borax ; if on weighing 10
grms. of the substance to be examined only
80 c.c. are required, the material is 80 p.c. pure.
Care must be taken to see that no carbonates or

hydrates of other alkalis or alkaline earths are
présent, or they must be removed by boiling with

bicarbonate of soda and précipitation by barium
chloride. AU borates for the sake of estimation
should be converted into borax.

Boracic acid is estimated commereially by
what is known as the ' Leghorn test.' Absolute
alcohol is prepared by allowing methylated
spirit to stand on quicklime, freshly burnt
and inclosed in a well-stoppered bottle for two
or three days. The alcohol is then distilled
off the lime by means of a water-bath, and if not
absolute the rectification must be repeated until
the alcohol is deprived of ail its water. From
the sample of commercial boracic acid to be
tested 5 grms. are weighed off and placed in a
desiccator over the strongest oil of vitriol. The
loss sustained after remaining from twenty-four
to forty-eight hours is the hygroscopic water ;
the remainder of the sample is then finely
powdered and sifted, and 5 grms. taken and
boiled with 50 c.c. pure alcohol, and filtered
through aweighedfilterofthe best Swedish paper
(2 inches in diameter), previously carefuUy dried
over oil of vitriol in a desiccator. The residue
is again treated with alcohol, and the contents
of the beaker poured on to the filter and washed
with alcohol until the filtrate shows no traces of a

green flame. The filter and its contents are then
dried for twenty-four hours in a desiccator over
oil of vitriol and then weighed ; on subtracting
the weight of the filter the quantity of solid mat-
ter contained in the boracic acid is obtained. As
this consists of sulphates of ammonia, magnesia,
soda, iron, and other substances insoluble in
alcohol, the loss by différence is the boracic acid
less the hygroscopic water, which of course filters
through with the boracic acid. In making the
test the acid is boiled with the alcohol in the
water-bath. The alcohol, contained in a little
wash bottle used for washing, is also boiled on
the bath to avoid risk of the alcohol igniting.
With ordinary care the process is fairly ac-
curate.

Where it becomes necessary to examine for
the presence of boracic acid existing in very
small quantifies, such as in the waters of lakes
or océans or eruptive mud or vapours, by far
the best test is that afforded by the direct vision
spectroseope, which shows three distinct bands
in the green part of the spectrum.

100 parts of boracic acid B203 are équivalent
to 177T parts crystallised boracic acid.

100 parts of boracic acid B203 are équivalent
to 272-8 parts crystallised borax.

100 parts crystallised boracic acid B2033aq
are équivalent to 151-0 parts-crystallised borax.

100 parts calcined borax Na2B,0 "are équiva¬
lent to 189-0 parts crystallised borax.

Composition of borax minerais.

Formula 100 parts of
Boracic acid,

p.c.
"Water,

p.c.
Soda,
p.c.

Lime,
p.c.

Commercial article,
p.c. substance = p.c. B,0,

Na2Bj07
NajB^jlOaq.
Bg0s3aq
Ca_B„On
Ca^OnSaq .

Ca2B„0M16aq
Na.^0,

Calcined borax
Crystallised borax
Crystallised boracic acid
Sesquiborate of lime .

Hydrated lime

j- Ulexite

69-05
36-60
56-40
65-20
50-90

43-10

47-2
43-6

21-9

35-4

30-95
16-20

7-70

34-8
27-2

13-8

100
100

80
100

80

50

69-05
36-60
45-70
65-20
40-70

21-60
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Borax and boraoio acid are applied in the
manufaeturing industries as follows :—
Brick and iile makers. Glazed surfaces.
Candie makers. Préparation of wicks.
Cernent. Making the finest kinds, which take a

polish.
China and earthenware. In preparing a fret

used for glazing what is teehnically termed
' biscuit ware ' in pottery of ail descriptions.

Colour makers. In preparing Guignet's green
and borate of manganèse (a drier).

Coppersmiths. In brazing.
Druggists. Pharmaceutical préparations.
Enamelled iron. An enamelled coating to cast

and wrought iron.
Glass. Making pastes and as an ingrédient.
Sat makers. Dissolving shellac for a stiffener.
Ironsmiths. In welding.
Jewellers. In soldering. (Ancient name for

borax, ' ehrysocolla,' gold-glue.)
Laundresses. As a stareh-glaze for linen.
Paper makers. Superfine note and highly-glazed

paper and cards.
Pork packers. Curing and preserving liams and

bacon.
Safe makers. Lining safes to resist tire.
Soap makers. As an emollient.
Tanners. Dressing leather.
Textile manufacturera. Solvent-bleach ; mor¬

dant ; fireproofer.
T'imber merchants. In préparation of hard from

soft wood.

Production of borax materials.
Turkey in Asia . . . 8,000 tons
India
Italy .

United States
Chili and Peru

, 2,000
3,000
6,000

, 2,000

21,000

Consumption of borax.
Great Britain
United States
Germany .

France
Bussia
Ail other countries

5,000 tons
5,000 „

3,000 „

3,000 „

1,000 „

4,000 „

21,000 „

E. L. E.
Sodium silicates. The fact that silica was

soluble in the alkalis was well known to the
alchemists, who prepared a solution which was
known as ' liquor ' or ' oil of flints,' and was con-
sidered by some to be the alkahest or universal
solvent, by exposing a mixture of equal parts of
calcined flints and sait of tartar (potassium
carbonate) to the damp air of a cellar. The fact
that the liquid produced was coagulated by an
acid was, together with many other properties of
soluble silicates, well known to the alchemists
(v. Lemery, ' Cours de Chimie,' 1675).

The bodies sold as sodium silicate, soluble
glass, or water-glass, vary considerably in com¬
position, according to whether excess of silica
or of aikali has been used in their prépara¬
tion. Silicates of the composition Na20.Si02,
2Na20.5Si02, Na20.3Si02, and Na20.4Si02 have,
however, been prepared. They have been very

fully examined by Ordway (Am. S. [2] 32,162,
337 ; 33, 27, 35 ; and 35, 35, 185).

The body known commercially as water-glass
or soluble glass approximates in composition to
the formula Na20.4Si02.

Sodium silicates are prepared commercially
by fusing powdered flints, quartz, or infusorial
earth with sodium carbonate or oxide, or by
boiling the same under pressure with a solution
of the carbonate or oxide. Sometimes the car¬
bonate is replaced by sulphate in the dry process.
It is usual, when preparing the glass in the dry
way, to incorporate a certain proportion of char-
coal powder in the mixture, as it appears to
assist the reaction by its tendency to reduce the
carbonate çr sulphate.

On the large scale, the mixture usually em-
ployed consists of 22 or 23 lbs. of sodium car¬
bonate, 44 or 45 lbs. of white sand or powdered
flints or quartz, prepared by heating to redness,
quenching in water, and grinding in a mill, and
3 lbs. of charcoal. The mixture is fused on the
bed of a reverberatory furnace for eight or ten
hours, after which it is drawn, broken up, and
dissolved by prolonged boiling in water. The
small proportion of sodium sulphide which is
often contained in the fused mass from the
réduction of sulphates may be removed by the
presence of a little copper scale, copper or oxide,
or litharge, in preparing the solution.

About 300 lbs. of solution of 30° to 40° Bé. is
obtained from 100 lbs. of the solid.

The wet processes of préparation are largely
used on account of the greater unifcrmity of the
product, and the fact that it is at once obtained
in solution. In the processes introduced by
Euhlmann and modified by Bansome (Pat.
No. 10360, 1844), a solution of 100 lbs. of
crystallised sodium carbonate, causticised by
lime and measuring about twenty-five gallons,
is heated in an iron boiler or digested with 100 lbs.
of finely-powdered flints. The digestion is ccn-
ducted at a pressure of about 60 lbs. with con¬
stant agitation, and is continued for from ten to
twelve hours until the liquid is almost free from
alkaline reaction, as ascertained by withdrawing
a small quantity at a try-cock. At the end of
that time it is drawn off, strained, and allowed
to settle, and the decanted liquid is concentrated
to the required strength, usually about 140°Tw.
(T7 sp.gr.) in iron pans.

The presence of earthy oxides in the ma¬
terials used renders solution increasingly diffi-
cult, and adds largely to the amount of insoluble
matter produced. Hence the necessity for the
use of silica of considérable purity.

A very pure silicate is obtained by passing
a current of carbon dioxide gas thrcugh the
solution of the crude silicate, separating the
precipitated gelatinous silica, and re-dissolving it
in caustic soda.

The aqueous solution of 140°Tw. usually
has the following composition : Silica, 32 to 33
p.c. ; soda, 16 to 16'5 p.c. ; other sodium salts,
2-5 to 3 p.c. ; water, 48 to 49 p.c.

A water-glass known as ' double soluble
glass,' and containing about equal proportions
of sodium and potassium silicate, is prepared by
the use of proper proportions of potassium and
sodium carbonate. It is said to give a thinner
solution than either the potassium or sodium
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silicate of corresponding strength, and is pre-
ferred for some purposes. Ordinary water-glass
is nearly insoluble in cold water, but dissolves
almost eompletely, though slowly, in boiling
water. Its solubility decreases as the peroentage
of siliea increases. Silicates which contain more

alkali than corresponds with the composition
Na.202|Si02 are déliquescent, and too poor in
silica to be applicable for the ordinary uses of
water-glass (Ordway, Am. S. [2] 35, 193). The
alkalinity of the solution may be reduced by the
addition of a minerai acid.

For the purposes of the soap-maker, the solu¬
tion should contaiu at least twice as much silica
as soda.

Among the patents taken out for the manu¬
facture of water-glass reference may be especially
directe! to those of Eansome : No. 10360,1814 ;
10665,1845 ; 1666, 1853 ; 645, 1855 ; and 2267,
1856. Kuhlmann : 367, 1853. Losh : 14208,
1852. Gossage : 762,1854 ; 799,1859 ; 1099,1859.

Alcohol précipitâtes sodium silicate, even
from a weak solution ; but the precipitate con-
tains an increased proportion of silica, whilethe
solution retains a small quantity of a more
alkaline silicate. When treated with acids (even
carbonic acid) the sait is entirely, though some-
times gradually, decomposed, with précipitation
of gelatinous silica. The alkaline carbonates
and chlorides, especially ammonium chloride,
also precipitate the silica ; and the oxides and
most of the soluble salts of barium, calcium,
strontium, and aluminium precipitate the bulk
of the silica, and a proportion of the alkali, in
the form of double silicate.

Water-glass is largely used, on account of its
detergent properties, as an addition to soap, as
in Gossage's well-known ' silicate! soap.' It
is also used in dyeing and calico-printing, as a
'fixing' agent for ultramarine blue and other
pigments; as a substitute for borax in dyeing
certain blues and greens ; and, under the name
' dunging sait,' as a substitute for cow's dung.
It is also used in fixing fresco-painting (stereo-
chromy), for rendering wood, paper, &c., un-
inflammable (Fuchs, S. 24, 378), to prevent the
rotting of wood, and for mending stone, &c.
Fletcher recommends the use of a pasty mixture
of the liquid silicate and ordinary fireclay for
repairing furnaces.

An important application of water-glass is for
impregnating stone, and for cementing together
sand, &o., in the manufacture of grindstones,
building stones, &o.

The silicate appears to have been first used
by Kuhlmann for hardening chalk and porous
stone, the treatment consisting merely in a
superficial application of the liquid ; but his
process was soon superseded by that of Eansome,
who followed the treatment with silicate by the
application of calcium chloride, which produces
a précipitation of calcium silicate in the inter¬
stices of the material. This silicate acts as a

valuable binding material, and much increases
the density and impermeability of the stone, the
sodium chloride formed by the reaction being
readily removed by a subséquent washing. Ferrie
chloride has been used instead of the calcium
sait.

It is stated that this method of treatment is

especially applicable to magnésium limestones,

but most porous stones, such as ordinary lime¬
stones, sandstones, and even bricks seem to be
improved by it.

The following process is employed at a large
Works in the North of England for the manufac¬
ture of grindstones, chimney-pots, mouldings,
cornices, mantelpieces, &c. The sand or sand-
stone having been ground wet and passed through
a 40-mesh sieve, is thoroughly dried, and is
mixed in a revolving pan provided with scrapers
and edge mixers, with suflicient liquid water-
glass to form a moist coherent mass.

It is then ramrned into moulds, and is
saturated before removal with a solution of
calcium chloride, prepared by running hydro-
chloric acid over calcspar, and drawn through
by a vacuum equal to about 20" of mercury.
Calcium silicate having thus been formed as
above, the stones, &c., are transferred to boiling
tanks heated by steam, and, after a suflicient
time to complété the setting, are conveyed to
washing tanks, in which they are subjeeted to
the action of running water for a fortnight, to
remove the whole of the sodium chloride.

For further information regarding the use of
sodium silicate for preserving stone, &c., refer¬
ence may be made to the above list of patents,
and to a lecture by Burnell (J. Soc. Arts, 8, 240).

SOFT CEMENTS v. Lûtes.
S0LANINE v. Vegeto-alkaloids.
S0LAR STEARIN v. Steaein.
SOLDERS. Solders consist of fusible alloys,

which are used for joining metals together, and
are of various kinds, depending upon the nature
of the metals to be joined. They are distin-
guished by spécifie names, as hard-, soft-, white-,
spelter-, silver-, gold-, aluminium-, copper-, tin-,
plumbers'-, pewterers'-, and button- solder, &c.,
but for whatever purposes they may be intended
they should always be rather more fusible than
the métal or metals to be united ; and, to give the
maximum strength, they should have about the
same hardness and malleability as these metals.
Hard solders require a red heat to fuse them, and
they are used to join the more refraetory of the
metals, in which process a forge or a blast blow-
pipe is required ; whereas some of the soft solders
melt even below 100°C., and by varying the pro¬
portions of the constituents they may be made,
within certain limits, to melt at any desired
température, thus admitting of various applica¬
tions for electrical and other purposes. A few
examples of such are shown in the accompany-
ing table:—

Bismuth solder.

Parts of
tin

Parts of
lead

Parts of
bismuth Fusing-point

3 5 3 94-4°G.
2 2 1 109'4°C.
2 X 2 113'3°C.
1 1 1 123'3°C.
3 3 1 154-4°C.
4 4 1 160 C.

Soft solders can be applied by a soldering
iron—that is, a copper bit, or a plumbers' iron,
and they generally melt below 300°C. The fol¬
lowing table exhibits the varying point of fusion
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for différent proportions of the ingrédients taken
in a number of soft solders (Tomlinson) :—

No. Tin Lead Melting-
poinfc No. Tin Lead Melting-

point

1 1 25 292° 7 14 1 168°
2 1 10 283° 8 2 1 171°
3 1 5 266° 9 3 1 180°
4 1 3 250° 10 4 1 185°
5 1 2 227° 11 5 1 192°
6 1 1 188° 12 6 1 194°

Almost ail the well-known more fusible metals
are employed in the préparation of solders, and
the majority of the metals can be joined by one
or other of these solders. An important point
to be observed in preparing solders is that they
should be well stirred before pouring, preferably
with a piece of green wood, and the surface of
molten métal should be exposed as little as pos¬
sible to the air, so that oxide shall not form on
the surface. To prevent the formation of oxide
a good plan is to cover the molten métal with
bits of charcoal. One of the conditions of a

good solder is that it should run easily when
melted ; hence it is neeessary that one of the
constituents of the solder should be the same as

that of the métal to be soldered, or be a métal
which will readily alloy with it.

The finer kinds of solder are cast into sticks
or drawn into wire, while the harder kinds are

generally prepared in irregular masses or grains.
Eecently, however, solders hâve been made in
the form of a narrow bore-tube, with the central
portion filled up with rosin or other material, so
as to obviate the necessity of using a separate
' flux.'

The kind of ' flux ' is varied with the work to
be done: e.g. for lead, tallow or resin is em¬
ployed ; for lead and tin pipes and pewter, resin
and sweet oil; for copper, gun-metal, brass,
silver, &c., borax or zinc chloride; for zinc,
hydrochloric acid; for iron or steel, borax or
sal-ammoniac ; for tinned iron, resin or zinc
chloride; and so on. The composition of a
number of solders is as follows :—

For Pewter, Britannia métal, &c. 10 parts
of tin, 5 lead, and 1 to 3 of bismuth.

For Lead and Zinc. 2 parts lead and 1 part
tin.

Plumbers' coarse solder. 1 part tin and 3
parts lead; melts at 250°. Plumbers' fine solder.
1 part tin and 2 parts lead ; melts at 227°.

Tinned iron. 7 parts of lead and 1 of tin.
Tinman's coarse solder. 3 parts tin and 2 of

lead ; melts at 168°. Tinman's fine solder. 2
parts tin and 1 of lead ; melts at 171°.

Wliite or button solder. 10 parts tin, 6
copper, and 4 brass ; or 10 copper, 8 brass, and
12 zinc.

Copper, iron, and dark brass. Equal parts
of copper and zinc are melted together ; but for
pale brass a larger proportion of zinc is used.

Steel. 19 parts silver, 3 copper, and 1 of
zinc.

Black solder. Two lbs. of copper, 3 Ibs. of
zinc, and 2 ozs. of tin.

Hard solder. 86'5 parts of copper, 9'5 zinc,
and 4 of tin.

Middling-hard solder. 4 parts of the métal
to be soldered and 1 part of zinc.

For sealing iron in stone. 2 parts of lead
and 1 of zinc.

For sealing tops of canned goods. 1J lbs.
of lead, 2 lbs. tin, and 2 ozs. of bismuth.

German silver solder. 5 parts of German
silver and 4 of zinc melted together, run into
thin flakes, and then powdered.

Aluminium solder. 55 parts tin, 23 zinc,
5 silver, and 2 parts aluminium. No flux is re-
quired (S. C. I. [5] 431).

Other aluminium solders are : 89-5 zinc, 4'5
copper, and 6 parts aluminium ; or 9 zinc, 18
tin, 3 copper, 3 silver, and 6 parts aluminium.
A soft solder for aluminium consists of 94 parts
of tin and 6 of bismuth.

Silver solder. 1 part silver, 8 copper, and
8 zinc. Used for fine bronze, gun-metal, and
brasswork ; for German silver, fine bronze, and
gun-metal equal parts of silver, zinc, and brass
may be taken, or 6 parts of fine brass, 5 silver,
and 2 of zinc.

Soft silver solder. 2 parts of fine silver,
1 brass wire, and | part arsenic. The latter is
added to make the alloy whiter, and to obtain
greater fluidity when fused.

Hard silver solder. (1) 4 parts of silver
and 1 of copper ; (2) equal parts of copper and
of coin silver.

Gold solder. 3 parts of gold, 2 silver, 1|
copper, and zinc. Fine gold solder consists
of 12 parts of gold, 2 silver, and 4 copper. A
still finer solder is as follows : 24 parts gold,
2 silver, and 1 copper. These are used by
jewellers in making and repairing small articles.
Or 12 parts gold, 4 copper, and 2 of silver.

Hard solder for gold. 18 parts of 18-carat
gold, 10 silver, and 10 copper.

Platinum. Fine gold, laminated and eut
into shreds, is employed for soldering platinum
articles and for gold alloys. It gives a very
infusible joint, which is not easily attacked by
the majority of chemical agents.

Chemical solder. Tinfoil, eut to the size of
the joint to be made.is painted over with a solu¬
tion of sal-ammoniac, then placed between the
two portions to be soldered together, and heated
upon hot iron, or over a spirit lamp, till the
solder melts, the pièces being held together by
the hand during the opération. On cooling, s
firm joint is the resuit. This method is very
useful for the soldering of small articles together
without a soldering iron—e.g. pièces of brass or
copper wire, the ends of which should first be
filed flat.

In the practical application of solders in the
joining of metals it is neeessary that the sur¬
faces of the metals to be united be bright, smooth,
and free from oxides. The contact of the air
should be as far as possible excluded during the
opération, because one or other of the surfaces
would otherwise be liable to oxidise, and thus
prevent the formation of an alloy at the point of
junction. The autogenous method of soldering
which takes place by the fusion of the two edges
of métal themselves without the interposition of
a metallic alloy as a bond of union is of especial
advantage in chemical works for joining the
edges of sheet lead used for the manufacture ofIRIS - LILLIAD - Université Lille 1



SOLUTION. 517

sulphuric acid ehambers and concentration pans,
because any solder containing tin, zinc, &c.,
would soon corrode. The soldering is effected
bv directing a jet of burning hydrogen, or a jet
of coal-gas mixed with air, upon the two sur¬
faces or edges to be joined together. The joints
tbus made are much less liable to rupture when
submitted to varying températures, &c., than
when the common soldering process is em-
ployed.

SOLFERINO. A variety of fuchsin. V. Tm-
l'HENYL-METHANE COLOURING MATTEKS.

SOLIDE JAUNE v. Azo- colouiung mat-

TEBS.

SOLID GREEN (Alsace green, Besorcincl
green) is the iron sait of dinitrosoresorcinol
C,Hj02(N.0H)2 [0:N.0H:0:N.0H= 1:2:3:4 (Kos-
tanecki, B. 20, 3137)].

Dinitrosoresorcinol is prepared by adding an
aqueous solution of sodium nitrite (2 mol. prop.)
to a solution of resorcinol (1 mol. prop.) in 50
times its weight of water cooled at 0°, and
acidified with acetic acid (2 mol. prop.). The
liquid rapidly becomes dark in colour, and a
greenish-coloured substance, consisting of di¬
nitrosoresorcinol and its acid sodium sait, sépa¬
râtes from the solution. After standing for
some time, dilute sulphuric acid (2 mol. prop.) is
added to the product, and dinitrosoresorcinol
separates in a yellow flocculent form. The yield
amounts to about 80 p.c. of the theoretical
when the préparation is carried out rapidly and
at a low température (Fitz, B. 8, 631).

Commercially, dinitrosoresorcinol is met
with as a greyish-brown powder. It crystallises
from liot water or dilute aleohol in yellowish-
gi'ey of yellowish-brown scales of the composi¬
tion CjHjN.Oj + H20 (Kostanecki, B. 22,1345),
and is insoluble in benzene and ether ; the hot
solutions rapidly become brown on exposure to
the air. When heated at 115° it explodes.
Treatment with even dilute nitric acid converts
it into styphnic acid (Fitz, l.c.; Kostanecki, B.
22, 3120). It expels carbon dioxide from car¬
bonates, and forms a sériés of salts which,
with the exception of those of the alkali metals,
are amorphous and very sparingly soluble in
water. Like orthoquinonoximes generally (cf.
Kostanecki, B. 20, 3146), it possesses tinctorial
powers, and with iron mordants gives on eotton
a beautiful dark-green colour, fast alike to soap
and light, whilst with cobalt and nickel sulphates
as mordants it yields fast shades of chocolaté
and yellowish-brown respectively (cf. Ulrich,
S. C. I. 9, 1127).

See also Malachite green, art. Triphenïl-
methane colouring hatters.

SOLUTION. A solution is a homogeneous
liquid consisting of a liquid (the solvent) and
another substance, which may be a gas, a liquid,
or a solid.

From time to time various hypothèses have
been brought forward to account for the solubi-
lity of a substance in a liquid. These may be
divided into two classes, chemical and physical,
according to the explanation that they give of
the constitution of a solution. For an account
of these several hypothèses reference must be
made to the original papers, the more impor¬
tant of which are as follows :

Chemical.
1. Berthollet, 1801, Statique Chimique.
2. Persoz, 1837, A. 23, 80.
3. Berthelot, 1872, A. Ch. [4] 26, 433.
4. Berthelot, Mécanique Chimique [2] 160.
5. Pickering, 1886, Atomic Valency (pam¬

phlet).
6. Pickering, 1886, C. N. [54].
7. Pickering, 1887, C. J. 51, 593.
8. Pickering, 1890, B. A. Report, Leeds.

Physical.
9. Dossios, 1867, J. 92.
10. Nicol, 1883, P. M. 91.
11. Tilden and Shenstone, 1884, Tr. part I.

23.'
12. Nicol, 1885, B. 18, 149.
A solution differs from ordinary chemical

compounds in several well-marked points, re-
sembling more a partially or completely dis-
sociated compound, for in solutions the state of
equilibrium between the solvent and the sub¬
stance dissolved is exceedingly unstahle, a
slight altération of température or an increase
of pressure being sufficient to alter the propor¬
tions of the two substances.

The Phenomena oe Solution.

The solubility of gases in liquids.
13. Henry, 1803, Tr.
14. Dalton, 1807, Mem. Lit. and Phil. Soc.

Manchester [1].
15. Bunsen, 1855, A. 93, 1.
16. Roscoe and Dittmar, 1860, C. J. 12, 128.
17. Setschenow, Mem. d. Petersburg, 22, 1.
18. Mackenzie and Nicholls, 1878, W. 3,134.
19. Wiedemann, Handwôrterb. d. Chemie,

Ladenburg, 1, 4.
20. Sims, 1862, C. J. 14, 1.
21. Thomsen, Thermochem. Untersuch. [2],
22. Timoféef, 1890, Zeit. Phys. Ch. 6, 141.
23. Winkler, 1891, B. 24, 89.
24. ingstrôm, 1882, W. 15, 297 ; 1887, W.

33 223.
25. Winkler, 1892, Zeit. Phys. Ch. 9, 171.
Ail gases are soluble to some extent in

water and other liquids. The solubility in
water is subject to the following laws :—

Connection of solubility with the tempéra¬
ture.

The solubility (absorption coefficient) is in
so far dépendent on the température that it is
smaller the higher the température. For sup-
posed exceptions consult Bunsen (15), also (22),
(23). Wiedemann (19) has recently pointed out
that in the case of water as a solvent the de-
crease of solubility of a gas is approximately
proportional to the rise of température. Ail
gases, therefore, with a few exceptions to be
noted afterwards, are completely expelled from
solution by boiling. For température effeet on
solubility of gases v. Winkler, Zeits. f. Physik.
Chemie, 1892. Ângstrôm has made spécial ob¬
servations on this point (v. W. 15,397 ; 33, 223).

Connection of solubility with the pressure.
In 1803 Henry (13) pointed out that when

the température is constant the weight dissolved
of any gas is directly proportional to the pres¬
sure (Henry's law). From this it follows, by
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Boyle's law, that tlie volume dissolved of any
gas is a constant, no matter what may be the
pressure, provided, of course, that excess of gas
be présent. This law bas since been verified by
Bunsen (15), who found that it held good under
very varying pressures for ail but the very solu-
ble gases, such as ammonia, which are also ex¬
ceptions to Boyle's law at low températures.
If, however, the experiments be performed at
liigher températures, then the exceptions to a
great extent disappear. In 1807, Dalton (14)
showed that Henry's law is applicable to mix¬
tures of gases. Each constituent gas dissolves
in the liquid in direct proportion to the pressure
which it exercises in the gaseous mixture. (Sims
(20) has shown that a few mixtures of gases, the
constituents of which individually obey Henry's
law—e.g. hydrogen and chlorine—are exceptions
to the above.)

Hence to calculate the solubility of a mix¬
ture of two gases A and B at pressure P, where
a and b are the solubilities of the two gases
separately at that pressure, and p and p1 the
percentages of the respective gases in the mix¬
ture ; we have

2J? = amount of A, and = the amount of B.
100 100

From Henry's law it follows that any gas
can be completely expelled from solution by re-
ducing the pressure to zéro, and from Dalton's
law it is évident that the end may be attained
by passing an excess of another gas through the
liquid. To both these, however, there are note-
worthy and important exceptions. Thus hydro-
chloric acid gas (16) dissolves in water at 20°C.
to form a solution which contains 41-89 p.c. of
the gas. If this solution be heated it loses
gas and beeomes weaker, while if, say, a 10 p.c.
solution be heated it loses water, and beeomes
stronger, till in both cases the boiling-point
beeomes constant at 110°C. at 760 mm., and
both. solutions distil over without further
change of composition, and the distillâtes
and liquids in the retort are found to contain
20-24 p.c. of the gas. If, however, the distilla¬
tion be conducted under another pressure, the
percentage of gas ihthe acidof constant boiling-
point rises with decrease of pressure and vice
vrrsâ. The same holds good for the solution
obtained by passing dry air through a weak or
strong solution of the gas : the strength of the
solution is the same as that of one which boils at
the température of experiment.

The solubility of gases in other liquids than
water has been but little examined. Bunsen (15)
has made many déterminations for alcohol,
while the solubility of carbon dioxide in sait
solutions has been partially studied by Mackenzie
and Nichols (18) and Setschenow (17). The re-
sults, however, are far from complété, and are
of little général interest.

When a gas dissolves in a liquid the density
of the latter is always altered (24). Generally, it
is increased, as is the case with hydrochloric acid
and sulphurous acid. Sometimes it is diminished,
as, for instance, ammonia. The diminution of
volume undergone by the gas is, in the case of
the more soluble gases, extremely great, and
equal to that produced by the pressure of many
atmosphères. Thus a saturated solution of am¬
monia at 0°C. and 760 mm. contains an amount

of gas condensed into such a volume as wouid,
if effected by pressure alone, require over 500
atmosphères, or about 3) tons per square inch.
Of course the gas would be liquefied ere this
pressure was reached.

The act of solution of a gas in water is at-
tended in général by évolution of beat, which
with the more soluble gases is often very con¬
sidérable. Thus Thomsen (21) gives the thermal
change when a gram-molecule of each of the
following gases is dissolved in large excess of
water as :

Ammonia . . . 8435 calories
Hydrochloric acid. . 17314 „

Carbon dioxide . . 5880 „

The solubility of liquids in liquids.
26. Dupré, 1872, Pr. 20, 336.
27. Bussy et Buignet, 1865, A. Ch. [4] 4, 5.
28. Alexejeff, 1875, B. 265 ; 1876, B. 1442

and 1810 ; 1879, B. 2, 172.
29. Konovalow, 1881, W. 14, 34.
30. Mendeléefi, 1869, P. 138, 103 and 230 ;

1886, B. 19, 400 ; C. J. 1887, 778.
31. Pickering, 1890, C. J. 57, 64 and 331.
32. Lunge, 1884, B. 1748 and 2711.
33. Gilpin, 1792-94, Tr. 1792,439 ; 1794,275.
34. XJre, 1822, Schweigger's Journ. 35,444.
35. Fownes, 1847, Tr. part 1, 25.
36. Oudemans, 1866, J. 300.
37. Handwôrterb. d. Chemie, 1882, Laden-

burg [1] 457, 464.
38. Emo, 1882, W. Beibl. 6, 662.
39. Nicol, 1887, Ph. 17, 302.
Here there are two phases :
1. Miscibility in ail proportions, as alcohol

in water.
2. Limited solubility, ■ generally mutual, as

ether in water.
Beferences to the more important instances

will suffice for the liquids belonging to Class I.
These are also the more technicaliy important
cases.

Sulphuric acid and water (30), (31), (32).
Alcohol and water (30), (33), (34), (35), (37).
Acetic acid and water (36).
Glycerin and water (38), (39).
For information as to examples of Class 2

reference may be made to (27) and (28), while
attempts at ascertaining the laws affeeting the
solubility of liquids and the boiling-points of
such solutions and their behaviour on distillation
are to be found in the papers of Dupré (26), and
especially Konovalow (29).

The solubility of solids in liquids.
This subdivision of the wide subject of solu¬

tion is at once one of the most important and
the most generally experimented on, though it
is greatly to be regretted that the vast majority
of the déterminations are but of little value,
owing to neglect of the conditions necessary to
insure accuracy of results.

Nearly the whole of our knowledge of this
branch is confined to the solubility of salts in
water and to the physical properties of the re-
sulting solutions, and the following remarks must
be held to apply to such solutions except where
otherwise stated.
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The extent to which a sait dissolves in water
is dépendent, first on the nature of the sait,
second on the température of the water, and
third on the pressure, though this last is but of
small influence.

40. Mulder, 1864, Bijdragen tôt de Geschie-
denis van het Scheikundig Gebonden
Water.

41. Poggiale, 1843, A. Ch. [3] 8, 463.
42. Gay-Lussac, 1819, A. Ch. 11, 296.
43. Tobler, 1855, A. 95, 193.
44. Etard, 1884, C. R. 98, 993 and 1276 ;

1888, C. R. 106, 206 and 740, &c.
45. Marignac, 1874, A. Ch. 15, 279.
46. Sorby, 1862, Pr. 12, 544.
47. Alexejeff, 1887, W. 28, 305.
48. Carnelley and Thomson, 1888, C. J. 53,

782.
49. Handwôrterb. d. Chemie, Ladenburg [6]

527.
50. de Coppet, 1883, A. Ch. [5] 30, 411.
51. Nicol, 1884, P. M. 537.
52. Tilden, 1886, B. A. Report, Birmingham.
The nature of the sait appears to be of para-

mount importance in determining the amount
dissolved. The solubility varies greatly, from
barium sulphate, soluble in 250,000 parts of
water, to such salts as sodium thiosulphate,
which at 45°C. is soluble in ail proportions in
water. Little or nothing is known as to the
laws governing the solubility or insolubility of a
sait. In a few cases, it is true, faint traces of un-

derlying général laws have been observed. Thus
for salts of the same type—the sulphates for ex¬
ample—those of metals of the same group are
sometimes, as is the case with the metals of the
alkaline earths, more soluble the smaller the
atomic weight of the métal. The same is true
of the chlorides and nitrates of potassium and
sodium, but only at the ordinary température ; a
rise of température suffices to reverse the
position of the two. Other qualitative, rather
than quantitative, relations have beenobserved ;
compare Mulder (40). Mulder has made the
following général observations as to the causes
which affect the solubility of a solid :—

' Solubility is increased by the addition of
oxygen, hydrogen or chlorine to an element, and
in the case of compounds the increase in the
number of halogen atoms is accompanied by
increase of solubility.

' The solubility of a sait is dépendent on both
the métal and sait radicle, and is in no way
connected with the rapidity with which solution
takes place.

' Anhydrous salts are not generally less solu¬
ble than hydrated salts.'

These généralisations will, on reflection, show
clearly by their incompleteness and limited ap-
plicability how little is really known of the
cause of solubility or otherwise of a solid.

Détermination of solubility (49). The in-
numerable déterminations of solubility scattered
throughout the scientific journals are too often
found to be completely inaccurate. Expérience
has shown that solubility déterminations require
the greatest care, and that, in addition, the fol¬
lowing conditions must be observed to insure
success.

The sait must be of the very highest degree
of purity obtainable, otherwise the traces of

foreign bodies présent dissolve out of the excess
of sait présent, and unduly raise the resuit (51).

Excess of solid sait must be présent through¬
out the experiment.

The détermination must be made, starting
with cold water, which is heated up to and
never above the température of experiment, un-
less the duration of the experiment is unduly
prolonged.

Once the température of experiment is
reached it must be kept constant, and the
solution must be inelosed, so that evaporation is
impossible. The solid and solvent must be con-
stantly agitated.

The time of experiment should be at least six
hours, better twenty-four, and the taking of, and
weighing, the sample of the saturated solution
should be performed as rapidly as possible.

When ail these conditions are carefully ob¬
served there is little danger of supersaturation,
and if the other opérations are skilfully per¬
formed the results will be accurate.

It is highly désirable that some uniform
température should be fixed on for single déter¬
minations, and that for the sake of convenience
a uniform System of expressing the resuit should
be adopted. The température of 20°C. and S. =

solubility in parts of solid to the 100 parts of
solvent by weight, will, it is believed, meet with
général approval.

Effect of température on solubility. Rise of
température usually increases the solubility of a
solid. Sometimes, but rarely, itiswithout effect,
but in a number of cases the solubility is dimi-
nished.

Typical examples of each of these effects of
rise of température are :—

Potassium nitrate S. at 0° = 13-3 ; S. at 100°C.
= 247.

Sodium chloride S. at 0° = 35-7 ; S. at 100°C.
= 39-8.

Sodium sulphate S. at 33"C. = 50-6 ; S. at
100°C. 42-5.

Decreased solubility aecompanying rise of
température is the only phase calling for spécial
notice. The following is a fairly complété list
of the salts exhibiting this anomalous behaviour.

Salts which behave normally up to a certain
température where the maximum solubility is
attained are :—

Calcium sulphate 35°C.
Sodium carbonate 32-5°C. (40).
Sodium sulphate 32-75°C. (40).
Manganèse sulphate 54°C.
Eerrous sulphate 63-5°C.

In the case of manganèse sulphate the maximum
is reaohed at 54°C. The solubility then de-
creases, becomes constant at 63-5°, and remains
so to 84° ; from this température it again
diminishes up to the boiling-point of the solu¬
tion. Tilden and Shenstone have shown that
the solubility of sodium sulphate reaches a
minimum at 120°C., and from that température
up to 230°C., the limit of their experiments, the
solubility again increases. Sodium selenate,
chromate, and molybdate behave in the same
way as the sulphate.

Salts, the solubility of which steadily dimi¬
nishes as the température rises, are :—

Strontium sulphate.
Calcium hydroxide.
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While many calcium, zinc, and barium salts
of organic aeids exhibit irregularities in solubility
according to numerous observers (49).

Closely connected with the effect oi rise of
température on the solubility of a substance is
the melting-point of that substance. When the
melting-point of the solid lies within the limita
of température within which the solubility can
be accurately determined, one would naturally
expect to find the solubility abruptly altered at
the température of the melting-point. This,
however, is not usually the case ; there is no
abrupt change observed. Alexejeff (47) has, on
the other hand, shown that for such substances
there are two solubilities—one for the solid, the
other for the melted substance.

Several attempts have been made to definitely
connect ready solubility with low melting-point.
The most successful of these are those of Tilden
and Shenstone (11), and of Carnelley and Thom¬
son (48).

The former experimenters worked with in-
organic bodies and carried the solubility curves
to 230°C., far above the boiling-points of the
saturated solutions, while the latter experi-
mented with isomeric organic substances, and
found that for pairs of isomers lower melting-
point is accompanied by greater solubility ;
and that the ratio of the solubilities of two
isomers is independent of the nature of the
solvent.

The physical properties of sait solutions.
When a liquid contains a dissolved solid the
physical properties of the resulting solution
differ from those of the pure solvent to an extent
which varies with the nature of the solid and
the amount of it présent in the solution. Very
many of the physical properties of sait and
other solutions have been thoroughly and ex-
haustively studied ; others, again, such as the
freezing-points and the eleetrical eonductivity,
have corne to the front comparatively recently,
but ail as yet are far from being thoroughly
understood, and shown to eonform to really
général laws. In this place, however, little more
can be done than to give the more important
results of the successful workers on the subject,
with copious references to- the papers contain-
ing these results and déductions therefrom; and
in this the arrangement adopted by the com-
mittee of the British Association for the Ad-
vancement of' Science, on the bibliography of
solution, will be followed.

1. The density of solutions.
53. Gerlach, 1859, Spec. Gewichte der Salz-

lôsungen, Freiberg.
54. Kremers, 1854, P. 92, 497 ; 1855, 94, 87,

255
55. Schiff,'l859, A. 109, 330.
56. Marignac, 1871, Arch. de phys. Geneva,

42, 92.
57. Thomsen, 1882, Thermochem. Unter-

such. [1].
58. Macgregor, 1884-6, Trans. Boy. Soc.

Canada [3], 64 ; Proc. Nova Scotia
Inst. 6, 261.

59. Nicol, P. M., 1883, 121 ; 1884,150, 179.
60. Favre et Valson, 1871, C. B. 73, 441.
61. Bender, 1883, W. 20, 574.
62. Ostwald, 1878, Eolbe's Journ. 18, 353.

The sp.gr. of a solution is rarely, if ever,
calculable from the sp.grs. of the solvent and
the solid. In général, contraction accompanies
the act of solution, and, as a conséquence, the
sp.gr. of the solution is greater than the calcu-
lated. Only a few exceptions to this rule are
known, e.g. magnésium chloride (Gerlach) (53),
and certain ammonium salts (Nicol) (59) ; in
these expansion ensues on solution. The
amount of contraction is very varied, and is less
per unit of sait the greater the amount dissolved.
Thus it follows that while the sp.gr. of a solution
increases as the amount of dissolved solid in-
creases, it does so at a rapidly decreasing rate,
so that in ail probability there is but little con¬
traction on the solution of the last particle in a
saturated solution. It is often stated that the
strength of a solution is directly proportional
to the sp.gr., but such statements will in ail
probability be found, when the spécial cases to
which they refer are carefully examined, to be
due to defeetive observation. In ail well-
examined cases the sp.gr. has been found to be a
parabola or hyperbola when plotted against the
concentration (Mendeléeff).

In the case of some anhydrous salts and
other bodies, such as caustic soda, the contrac¬
tion in dilute solution is so great that the
volume of the solution is not only less than the
calculated, but actually less than the volume
occupied by the solvent before solution (Mac¬
gregor) (58), (Thomsen) (57). In some few
cases, e.g. tartaric acid, the volume change alters
its sign in strong solutions.

Closely connected with the sp.gr. of a solu-
M W

tion is themolecular volume M. V= —— Where
5

M.W = molecular weight of the solution, and d
its sp.gr. The molecular volume is thus the re-
ciprocal of the sp.gr. multiplied by the mole¬
cular weight, this last being usually expresse!
in molécules of solid to the 100 molécules of
the solvent. The use of the molecular volume
enables one to trace out relations not easily
detected when the sp.gr. is the form of state-
ment. The importance of this mode of expres¬
sion was first pointed out by Thomsen (57), and
it has become extensively used by Mendeléeff
and Nicol (59).

Favre and Maison (60) first showed that for
dilute solutions containing one gram-mole-
cule of the sait to the litre of water, the différ¬
ence between the sp.grs. of such solutions of any
two salts of différent metals with the same acid
radicle is a constant, no matter what may be
the acid, and that the same holds good for any
two acid radicles, whatever may be the métal
with which they may be combined. Thus, ac¬
cording to these experimenters, the sp.gr. of a
solution is made up of two factors—one due to
the métal, the other to the acid radicle. These
factors they called ' moduli.'

This first rough indication of a law was
supported by Ostwald's (62) ' Besearches on the
Volume Change on Neutralisation,' and further
by the work of Bender (61), while in 1883 Nicol
(59) had arrived at a similar resuit by observa¬
tions on the molecular volume, the chief re¬
suit of his work being that the molecular volume
of a sait in solution is made up of two parts,
one due to the métal, and the other to the acidIRIS - LILLIAD - Université Lille 1
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radicle ; and that these are independent of the
way in which they are combined, provided
always that the solutions be sufficiently dilute.

The sp.gr. of a solution is a ready, and fairly
aceurate, means of determining the amount of
dissolved sait when only one substance is pré¬
sent, but it is useless for mixtures.

2. The dilatation of solutions.
63. De Heen, 1883, Physique Comparée,

Brussels.
61. Nicol, 1887, P. M. 385.
65. Tait, Challenger Déports, 1888, Physics

[2]-
The expansion of sait solutions is the more

uniform the more concentrated the solution—
that is, the volume curve approaches more
nearly.to a straight line the stronger the solu¬
tion. In ail cases it is less curved than the
volume curve of water. Prom this it follows
that solutions expand more than water at low
températures, but that at higher températures
the rate of expansion is less. So marked is this
that at températures below 100°C. the différ¬
ence between the volumes of water and a sait
solution often actually changes its sign.

It is therefore possible to find for every so¬
lution a température at which its co-efficient of
expansion is the same as that of water at the
same température. This température is, accord-
ing to de Heen (63), a constant for ail solu¬
tions of the same sait, whatever may be their
concentration, but Kremers (54) holds that this
last has a slight effect.

Finally, the rate of expansion of a solution
cannot be calculated from the rates of expansion
of a weaker and a stronger solution, nor from
those of the solvent and solid separate. The
maximum density-point of water is lowered by
the presence of sait to a greater extent than the
freezing-point, consequently moderately concen¬
trated solutions have no maximum density
point (Tait, 65).

3. The freezing-points of solutions.
66. Bossetti, 1870,140, 320.
67. De Coppet, 1871-2 ; A. Ch. [4] 23, 366 ;

25, 502.
68. Budorff, 1861, P. 114, 63 ; 116, 55 ; 1871,

145, 599.
69. Baoult. See list given in (45), [6] 587.
70. Ostwald, 1890, Outlines of General

Chemistry,' 136.
Blagden in 1788 showed that the lowering of

the freezing-point when a sait is dissolved in
water is proportional to the amount of dissolved
sait. This was re-discovered by Budorff (68), in
1861, and in 1871 de Coppet (67) extended the
law in so far that he found that similar sub¬
stances added in molecular proportions to water
brought about the same amount of dépression
of the freezing-point.

lu 1882 Baoult (69), as the resuit of experi-
ments on the freezing-points of aqueous solu¬
tions of organic bodies, put fonvard the law that
dilute equimolecular solutions have the same
freezing-point, and it was further found that
this holds good for other solvents.

If A be the dépression of the freezing-point
caused by n times the molecular weight of

the solid in g grms. of the solvent, then
A = r- where r is a constant depending on the

0
nature of the solvent. This is true only for in¬
diffèrent substances ; salts, strong acids, and
bases form exceptions. Talcing advantage of
this law it is possible to détermine the mole¬
cular weight of a substance, thus : p grms. of
the solid are dissolved in g grms. of the sol¬
vent, then n= —£— and A= JfJL and

mol. wt. mw. g

mw= rP r for the solvent in question having
A?

been found by dissolving substances of known
molecular weight, r = ^H. See Ostwald (70) for

n

an excellent summary of the results hitherto
obtained.

4. Vapour pressures and boiling-points
of sait solutions.

71. Wiillner, 1858-60, P. 103, 529; 105,85;
110, 564.

72. Moser, 1881, W. 14, 62.
73. Magnus, 1844, P. 61, 225.
74. Von Babo, 1847, Naturforsch. Gesel.

Freiburg, 17-18.
75. Legrand, 1835, A. Ch. 59, 423.
76. Konovalow, 1881, W. 14, 51.
77. Tammann, 1885, W. 24, 523 ; 1887, 29,

165.
78. Nicol, 1884, P. M. 364 ; 1886, 502.
When a non-volatile solid is dissolved in a

liquid the vapour pressure of the liquid is
diminished to an extent in some degree propor¬
tional to the amount of solid présent.

Legrand (75) in 1835 was the first expéri¬
menter in this field whose work was at ail
extensive. He determined the boiling-points at
atmospheric pressure of sait solutions of various
strengths. His work was followed by that of
Wiillner (71), which was much more accurate
and extended. More recently the whole ques¬
tion has been exhaustively studied by Tammann
(77).

Connected with this is the work of Magnus
(73), who, in 1844, found that on passing steam
into a strong solution of a sait the température
of the latter can be raised above 100° C., to the
boiling-point of the dilute solution thus ob¬
tained.

The diminution of the vapour pressure of a
liquid by a dissolved solid is connected with the
température and concentration, thus :—

(1) The altération of the vapour pressure of
a solution by altération of température is pro¬
portional to the altération in the vapour pressure
of pure water by the same température change—
Von Babo (74).

(2) The diminution of the vapour pressure
of water is directly proportional to the amount
of dissolved sait—Wiillner (71).

The truth of these two statements is called
in question by Tammann (77) and Nicol (78), who
have found that though they hold for solutions
of low concentration and differing littïe from
one another, they do not apply to strong and
widely-difierent solutions. The molecular di¬
minution of the vapour prçssure is rarely a
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constant, generally an amount winch either
increases or deoreases with the concentration.

Baoult (69) has recently examined the
moleeular diminution of vapour pressure for
solutions of organie bodies in various solvents,
and finds that for ethereal solutions and for a

limited température range it is a constant, inde-
pendent of the nature and amount of the dis-
solved body. With other solvents the value of
the constant is often doubled :—

For ether x M = K = 0-71.
T p

Where K = constant, T and T' the vapour
pressures of the solvent and the solution respec-
tively, p the percentage of solid, and M its
moleeular weight. Further, if M' be the

Kmoleeular weight of the solvent, then—, = 0-0105
M

for ail solvents.
This method may therefore be employed for

the détermination of the moleeular weight of
non-volatile substances, and offers in certain
cases advantages over the method based on the
dépression of the freezing-point.

5. Capillarity of solutions.
79. Eother, 1884, W. 21, 576.
80. Volkmann, 1882, W. 17, 353.
81. Quincke, 1877, P. 160, 337, 560.

6. Viscosity of solutions. (Internai friction.)
82. Slotte, 1881, W. 14, 13 ; 1883, 20, 257.
83. Grotrian, 1879, W. 8, 529.
84. Sprung, 1876, P. 159, 1.
85. Poiseuille, A. Ch. [3] 21.
86. Hubener, 1873, P- 150, 248.
87. Wijkander, 1879, W. B. 3, 8.
88. Stephan, 1882, W. 17, 673.
89. Wagner, 1883, W. 18, 259.
90. Traube, 1886, B. 19, 871.
91. Noack, 1886, W. 27, 289 ; 28, 666.
92. Arrhenius, 1887, W. 1, 285.

7. Diffusion of solutions. (Osmosis.)
93. Long, 1880, W. 9, 613.
94. Fick, 1855, P. 94, 59.
95. Schmidt, 1857, P. 102, 122.
96. Graham, 1851, A. 77, 56, 129 ; 80, 197.
97. Weber, 1879, W. 7, 469, 536.
98. Stephan, 1879, Vienna Beriehte, 79.
In 1855 Fick (94) put forward the tentative

law, that the amount of sait which diffuses
across a given area is proportiorial to the différ¬
ence of concentration of two layers of solution
infinitely near one another, i.e. is proportional
to the gradient of concentration. The researches
of Weber (97) completely confirmed this state-
ment of Fick. Graham (96) made numerous
experiments on this subject, and these were re-
peated and extended by Long (93), with the
resuit of fairly confirming the results of the
former expérimenter (102).

When the diffusion takes place through a
membrane (osmosis) the expérimental diffi-
culties are to a great extent overcome. An
immense amount of expérimental work has been
done in this direction, but the most important
is of comparatively recent date.

99. Pfeffer, W. Beibl. 2, 182.
100. Tammann, 1888, W. 34, 299.

101. Van't Hoff (66).
102. Ostwald, 1885, Stochiometrie, 509.
103. De Yries, 1873, W. B. 3, 7 ; 1883, C. E.

97, 1083 ; W. B. 8, 282.
104. Donders and Hamburger, Zeits. fur

phys. Chem. 6, 319, 1890.
105. Adie, 1891, C. J. 60, 344.
If a porous cell be saturated with copper

sulphate, earefully washed out, and then filled
with a solution of ferrocyanide of potassium, it
becomes coated inside with a continuous sbeet
of copper ferrocyanide, through which water,
but not sait, can pass. In 1877 Pfeffer (99)
found that if the température is constant tbe
pressure produced by the passage of water
through such a permeable membrane into a
sugar solution placed in the cell is proportional
to the strength of the solution of sugar. The
pressures thus produced are very great indeed,
e.g. 1 p.c. sugar gives 500 mm. of mercury,
while 1 p.c. potassium nitrate gives 2,000 mm.

The proportionality thus found to exist be-
tween pressure and concentration is the same as
that for gases, which is known as Boyle's Law.
For if in a gas at any given pressure we double
the number of molécules présent, we double the
pressure ; so in a solution, if the number of
active molécules (i.e. dissolved solid molécules)
be doubled, the pressure (osmotic) is also
doubled.

It has also been found that the effect of
température on osmotic pressure is the same as
on that of gases. That is, that the pressure
(osmotic or gaseous) is directly proportional to
the absolute température, or if the osmotic
pressure at 0°C. =p°, then at f°C. it will be p°
(l + -00367f)—van't Hoff (102).

The gas équation ym = ET, where jp=pres-
sure, v = volume, T = absolute température, and
E=a constant = 84-700 therefore holds good
for solutions when p = osmotic pressure, and it
follows that the osmotic pressure of a solution
has the same value as the pressure that the solid
would exert if it were contained as a gas in the
same volume as that occupied by the solution.

It is also highly probable that the other
gaseous law, that of Avogadro, is also applicable
to solution, but the experiments which beat
directly on this point are as yet but few in
number.

Just as in vapours the pressure in some cases
is much greater than the normal, reacbing
double thé amount in cases such as ammonium
chloride, owing to partial or complété dissocia¬
tion, so in solutions it is found that many
salts exert an abnormal osmotic pressure, that
of potassium chloride, for instance, being nearly
double the normal. It is, therefore, most pro¬
bable that here, too, there is dissociation, and
this explanation is supported by corresponding
abnormalities in many of the other physical
constants of the solutions of such salts.

8. Optical properties of solutions.
106. (45) [6] 463.
107. (45) [6] 479.
108. Bussell, 1880, Pr. 31, 51 ; 32, 258.
109. Hartley, 1874, P.M. 391 ; 1876, 244.

a. Eefraction and dispersion (106).
b. Botatory power (109).
c. Absorption spectra (108) (109).IRIS - LILLIAD - Université Lille 1
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9. The thmno-cliemistry of solutions, a. Tlie
heat of solution of salts in water.

110. Thomsen, Thermoehem. Untersuch. [2].
111. Berthelot, Mécanique Chimique.
112. Naumann, Thermochemie.
The niost complété examination of this sub¬

ject is due to Thomsen (110). The results at
vrhich he bas arrived are summarised by him as
follows : —

1. Those anhydrous salts which dissolve in
water with évolution of heat form crystalline
compounds with water, or are completely decorn-
posed by it.

2. Those salts which do not form crystalline
compounds with water, or are not decomposed
by it, dissolve with absorption of heat.

3. The heat of solution of fully hydrated salts
is négative.

4. The heat of hydration is positive.
5. The heat of solution is dépendent on the

atomic weights of the constituents of the sait as
follows :—■

(a) For similar compounds with the same
halogen the heat of solution is greater the
smaller the atomic weight of the métal ; and

(b) For similar compounds of the same métal
the heat of solution is sometimes greater the
higher the atomic weight of the electro-negative
constituent, as is the case with the salts of Mg,
Ca, Sr, Ba, Na, sometimes less, as in the com¬

pounds of Cu, Cd, Au, Pb, Hg, Ag, Tl. The
metals in this connection apparently range them-
selves in two groups, the light and heavy
metals.

Consult also Berthelot (111).

(b) The spécifie heat of solutions.
113. Marignac, 1871, A. Ch. [4] 22, 385 ; [5]

8-410.
114. Person, 1851, A. Ch. [3], 33.
115. Schuller, 1869, P. 136, 70.
116. Pfaundler, 1870, B. 3, 798.
Solutions in général possess a lower spécifie

heat than that calculated from those of their
constituents, but the différence is generally less
the stronger the solution.

Thomsen (57), Naumann (112).

10. The electric conductivity of sait solutions.
117. Kohlrauseh, 1879, \V. 6, 28 (sum-

mary).
118. Ostwald, 1889, Outlines, 266.
119. Arrhenius, 1884, Becherches sur la

conductibilité, Stockholm.
120. Armstrong, 1886, Pr. 268.
The electrical conductivity of a solution in-

creases rapidly with dilution, and usually reaches
a maximum when the dilution is about 50,000
litres to the équivalent of sait in grms.

The conductivities of salts are additively
composed of two quantifies, one depending only
on the métal, the other only on the acid radicle—
Kohlrauseh (117). For an account of the bear-
ing of this spécial property of solutions on the
général question of the nature of solution, refer-
ence must be made to Ostwald, van't Hoiï,
Armstrong, &o. The whole subject is too com-
plex and extensive to be further dwelt on here.

11. The supersaturation of sait solutions.
121. Jeannel, 1876, C. B. 62, 37.
122. Tomlinson, 1868, Pr. 16, 403.
123. Bender, 1884, W. 22, 187.
124. Gernez, 1878, W. Beibl. 2, 241 ; C. E. 83,

217.
125. De Coppet, 1875, A. Ch. [5] 6, 275;

C. B. 74, 328.
126. Lôwel, 1857, A. Ch. [3] 49, 32.
127. Nieol, 1885, P. M. 454, 295; 1887,

C. J. 51, 389.
128. Tilden, 1886, B. A. Beport, Birmingham.
129. Boozeboom, 1889, Bec. des Trav. Chim.

des Pays-Bas, 8, No. 1.
Supersaturation was first observed by Blag-

den. Whenever a solution retains more sait at
a given température than can remain dissolved
in contact with a crystal of the solid sait, the
solution is supersaturated to that spécial form
of the solid sait.

Jeannel (121) and Tomlinson (122) have
maintained that only hydrated salts are capable
of exhibiting the phenomena of supersaturation.
Bender (123) and others, however, claim to have
found that certain anhydrous salts also possess
this property.

There is, however, but little doubt that only
substances which exist in more than one crystal
line form, whether with or without water of
crystallisation, can form supersaturated solu¬
tions (Nicol, 127). This view has been recently
confirmed by the work of Booseboom (129) on
the solubility of the various hydrates of calcium
chloride and their modifications.

Supersaturated solutions can be prepared in
various ways : By dissolving the sait to satu¬
ration at a high température, and then eooling
the solution out of contact with the air ; or by
dissolving the more soluble modification in water
in closed vessels after both sait and water have
been heated to 110°—de Coppet (125), Nicol
(127). Compare also Tilden (128).

There has been much discussion as to the
causes which bring about the crystallisation
of a supersaturated solution ; but there is no
doubt that the one cause which never fails is
contact with a crystal of the sait itself or of an
isomorphous sait.

Mar.y other points of interest with regard to
solutions have of necessity been omitted in this
brief summary of the subject. The whole ques¬
tion is so far from being understood, that even
now it is a moot point whether salts exist as
such in solution or are partly dissociated into
their constituent radicles. It cannot, therefore,
be wondered at that the more complex branches
of the subject are as yet far from being reduced
to order. W. W. J. N.

SOMBKERITE. A mixed calcium and alu¬
minium phosphate occurring on Sombrero and
other islands of the Antilles (v. Manukes
aetificial).

SORANJES, or SURANJI, v. Aal, vol. i. p. 1.
SORBINOSE, SORBIN, or SORBOSE, C0H12O8.

A glucose obtained by fermenting the juice of
mountain-ash berries, and probably formed by
réduction of sorbitol CBHI408. Sorbinose forms
rhombic crystals of a sweet taste, readily soluble
in water, but only sparingly dissolved by aleohol.
Beduces Fehling's solution, and is but slightly
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acted on by yeast. Is lœvorotatory, the spécifie !
rotatory power o£ 10 p.c. solution being — 43'4°.
Is converted by nitric aeid into trihydroxy-
glutaric aeid, and when warmed with phenyl-
hydrazine acetate fonns plient/l sorbinose azone
C8H10OJ(N2H.C6Hs)2, melting at 164°.

SOUDAN BROWN v. Azo- colouring matters.

SPANISH GRASS v. Esparto and Paper.
SPANISH OCHRE. Burnt Boman Ochrc

v. Pigments.
SPARTEINE v. Broom tops; also Vegeto-

àlkaloids.

SPATHIC or SPATHOSE IRON ORE v. Iron.
SPEARMINT-OIL v. Oils, essentiai,.
SPECIFIC GRAVITY or RELATIVE DEN-

SITY. The ternis ' spécifie gravity ' and ' density '
areemployed toindicate the relative massesof dif¬
férent kindsof matter which occupyequal spaces.

The term ' density ' appears to be more accu-
rate than the term ' spécifie gravity.' The latter
involves the considération of the action of the
earth's attraction on the substances in question,but
this attraction is not uniform over the whole of
the earth's surface. It is true that no practical
difficulty arises from this fact, for the spécifie
gravity or density of a substance is determined
by means of the balance, and a pound of water
will equipoise a pound of platinum wherever the
weighings are made. If, however, a spring
balance were used, it would be found that the
pound of platinum would be less attracted by
the earth at the equator than at other parts of
ihe earth's surface. If again we conceive this
pound of platinum in space unattraeted by any
other matter (if such a spot exists) it could
have no gravity, although the mass would
remain unaltered ; but the pound of platinum,
whether at the equator or at the pôles, or any-
where in space (provided its température were
kept the same) would possess the same density,
the same mass occupying the same volume.
The term ' density ' is almost universally employed
with reference to vapours ; ' vapour density ' is a
well-recognised expression, but we rarely hear of
the spécifie gravity of a vapour. Again the point
of maximum density of water is always spoken
of ; who ever heard of its point of maximum
spécifie gravity ? The term ' density ' bas been
restricted so as to indicate the quantity of matter
in unit volume, as pounds per cubic foot, ounces
per cubic ineh, or grms. per cubic centimètre,
without actual reference to any standard ; the
ratios between these numbers and those of any
standard body at a standard température and
pressure will obviously be identical whatever
units of mass and volume are employed.

The densities of solids and liquids are almost
invariably compared with the density of water
at 4°C. (or 39'2°F.), at which its density is higher
than at any other température, the density of
water under these conditions being taken as
unity. The densities of gases and vapours are
sometimes referred to that of hydrogen as unity,
sometimes to that of atmospheric air ; in the
actual détermination of the density, however, the
comparison is almost always made with atmo¬
spheric air.

Densities of liquids.
The détermination of the density of a liquid

is perliaps a more simple opération than that of

the density of solids and gases, so it may well be
considered first.

One process is by finding the mass of liquid
which exactly fills a vessel of known volume.
A thin glass fiask with a fiât bottom, capable of
holding about 50 c.c. or 25 c.c., is provided witli
an accurately-fitting stopper, through which a
fine hole is drilled. The fiask is first carefully
weighed and then filled with the liquid, the
température being noted. The stopper is then
placed in the neck, the excess of liquid es-
capes through the perforation in the stopper,
and is wiped olï from the glass and the fiask
is again weighed. The fiask is now emptied,
cleaned, filled with distilled water, and again
weighed. If the température of the water is the
same as that of the liquid at the moment of
putting in the stopper, then the weiglit of the
liquid divided by the weight of the water gives
the relative density of the liquid to that of water
at the particular température. When great
accuracy is required, a correction must be made
for the quantity of air displaced by the liquid,
and also by the weights. At the first weighing the
fiask was full of air, and therefore had a greater
weight than it would have had if vacuous. When
the liquid is poured into the fiask this volume
of air is displaced, and consequently the fiask
full of liquid weighs lighter by the amount of air
displaced. On the other hand, the weights em¬
ployed displace a quantity of air, and are thus a
little lighter than they would be if used in vacuo,
It is a laborious process to calculate the correc¬
tion to be applied to each weighing, and tables
have been constructed which enable the operator
to find the correction at once when the density
of the body weighed is approximately known.
(Such a table will -be found in ' Physikaliscb-
chemische Tabellen,' by Landolt and Bôrnstein.)

The specific-gravity bottle above describedis
not very convenient, for if the température of tbe
balance case is above that of the liquid when the
fiask was filled, some of the liquid will escape bj
expansion and will be lost, and
may injure the balance pan. It
would be impossible to weigh the
quantity of liquid which had been
introduced into the bottle at the
température of 4°, unless the
température of the balance case
were also at 4° or below, which
would not frequently happen. To
avoid this inconvenience there is
ground into the neck of the fiask
a tube which is contraeted in its
middle to a capillary bore, and is
provided at the top with a small
réservoir closed by a stopper. To
use this modification, the fiask is
filled and the tube inserted. This
forces a small quantity of the Fig. 1.
liquid through the capillary tube
into the réservoir above. The fiask is now placed
into a bath of known température, or even into
water at 4°, and there left until its température
is constant. If the liquid contraets so as to
empty the réservoir above the capillary tube, »
small additional quantity is introduced. When
no change of volume is perceptible, a thin piece
of filter paper or a fine glass tube is introduced
into the réservoir so as to reduce the level of
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the liquid to a mark a, which is made on the
outside oi the capillary tube. The stopper may
then be introduced into the réservoir, the flask
removed from the bath and its outside dried,
and it may now be left until it has reached the
température of the balance case, where it can be
weighed. In yet another form the spécifie gravity
bottle consiste of a flask with a long narrow
neck, but not capillary. The neck is wide
enough to admit of the introduction of a narrow
thennometér, so that the température of the
liquid may be determined in the bottle itself. The
neck is provided with a mark to which it is to
be filled, and is closed with a stopper.

Tribe (C. N. 1873, xxviii. 211-212) suggests
the graduation of the tube by divisions half a
millimétré apart. The contents of these divisions
must first be accurately determined. The liquid
may be introduced into the flask without any
trouble being taken to bring the level of the
liquid to any exact point. The flask is then
cooled to the required température, and the
volume determined by the graduation. If the
flask, first empty and then full of water to the
mark at 4°, be weighed, and the correction made
for weighings in vacuo, the volume of the flask
in cubic centimètres will be at once obtained,
and this will avoid the neeessity of weighing it
filled with water in subséquent déterminations if

quarters of a cubic centimètre. The bulb is
filled by dipping one end of the capillary tube in
liquid and aspirating through the other end. The
liquid is brought to the correct volume by touch-
ing one end of the capillary with the finger,
when some of the liquid is removed and the

proper corrections are employed. When great
accuracy is required, allowance must be made
for the altération of the volume of the flask by
change of température.

tf

b

Fio. 2.

Instead of using a flask, Mathiessen and
Hockin (the ' Laboratory,' 1867, p. 191) suggested
the use of a capillary tube with a small bulb
blown on it, with a capacity of only about three

level sinks to a mark on the other capillary, the
space thus occupied being taken as the measured
volume in ail cases. They give some détermina¬
tions of the density of ether by this apparatus,
which agree well with a détermination made in
a bottle holding about 60 c.c.

Fia. 3.
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Sprengel (C. J. 1873, 577) describes the use
of a U -shaped tube termiriating in two capillary
tubes bent in opposite directions. The liquid is
aspirated into the tube, whieh is then sunk in a
beaker of water, the capillary tubes resting on
the edge of the beaker, and when the température
of the contained liquid is constant, shown by the
cessation of movement of the liquid in the
capillary tube, some of the liquid is removed
from one capillary, which terminâtes in a fine
point a, by means of a piece of filter paper, until
the liquid in the other capillary reaches a mark
b near the bend. Some very aceurate results
are given in the paper which were obtained from
a tube of about 18 c.c. capacity.

The liquid in the tube is in contact with the
air at the extreme point a, and if very volatile
there is some loss. In addition to this, Perkin
(C. J. 1884, 45, 443) found that the moisture in
the air was condensed in the form of snow at
this point, and acted like a sponge, withdrawing
more liquid from the tube. To avoid this in-
convenience he slightly modified the form of the
apparatus by bending the narrow tubes at obtuse
angles instead of right angles, and making a
small bulb on one of the tubes. A mark a is
made below the small bulb on one of the limbs,
the other limb terminating in a fine opening.
After the liquid has been introduced into the
tube, the latter is immersed in a beaker of water
until the température of the liquid is constant.
The tube is then inclined into the position I, and
a piece of filter paper placed in contact with the
point b until the liquid in the other limb falls to
the mark a ; the filter paper is withdrawn, and
the tube restored to the vertical position. The
liquid recedes from the end 6 of the tube and
rises in the other limb, and if the température
increases before weighing, the small bulb offers
sufficient space to contain the liquid and thus
prevent overflowing. The capacity of the tube
was 5 or 10 c.c.

In the arts, the densities of liquids are most
usually determined by means of the hydrometer.
This instrument dépends on the fact that when
a solid floats on a liquid, the weight of the liquid
displaced is equal to the weight of the floating
body. The général form of the hydrometer is a
spherical or cylindrical bulb, with a narrow
stem, and the bulb is weighted at the bottom so
that the instrument floats vertieally in the
liquid. The hydrometer is usually made of
glass, but when it is employed for the déter¬
mination of the strength of alcoholic liquids it
is frequently constructed of brass.

When the hydrometer is placed in a liquid, it
sinks until it has displaced a quantity of liquid
equal to the weight of the instrument ; it then
floats in a position of equilibrium. If placed in
a liquid of higher density it will not sink so deep,
for the volume of this latter liquid possessing
the same weight as the hydrometer will be
smaller than in the first case. Again, when
placed in a liquid of less density, it will sink
deeper, for a larger volume has to be displaced
before the weight of the hydrometer is supported.
The density of the liquid is found by readings of
the graduations marked on the stem. The most
convenient graduation of the stem is one that
gives the density at once, but there are other
methods employed in graduating the stems.

When the stem is divided to show densities,
the divisions are not of equal length, the différ¬
ences of length being proportional to the différ¬
ences of the reeiproeals of the densities, and to
render unnecessary such a division, hydrometers
are frequently graduated with divisions of equal
length, tables being employed to convert the
readings into densities.

If the instrument is to be used for a long
range of densities, the stem must be long and
the bulb small, but an instrument of this kind
does not give accurate results. It is much more
convenient to have a set of hydrometers. Thus a
set of four, the first for liquids between '7 and
1-0, the second from 1-0 to 1-3, the third from
1-3 to 1-6, and the fourth from 1-6 to 1-9. A setof
twelve is even still more convenient, each having
a range of T ; such a set may be graduated to the
third place of décimais, and as each instrument
is only about six inches in length, a compara-
tively small quantity of liquid is sufficient for
the détermination.

One form of graduation of hydrometer that is
frequently used on the Continent and in America
is Baumé's. The graduations on the stem are
ail equal, and the seale is fixed according to
Baumé's directions in the following manner.
For liquids denser than water, fifteen parts of
pure sodic chloride are dissolved in 85 parts of
water, at a température of 10°Béaumur (12-5°C.
or 54-5°F.). The zéro of the instrument isthe
point to which the hydrometer sinks in distilled
water, and the point to which it sinks in the
15 p.c. solution of sait is marked 15. The
distance between the zéro and this point is
divided into 15 equal parts, and the whole stem
graduated with similar divisions. For liquids
lighter than water the zéro of the hydrometer is
fixed by a 10 p.c. solution of sodic chloride,
distilled water giving the division 10. This in¬
strument is, of course, graduated in the opposite
direction, the zéro being at the bottom of the
scale. Notwithstanding the very definite direc¬
tions given for graduating the scale, it appears
that the instrument-makers have departed from
it, and in 1881 Professor C. F. Chandler read a
paper before the National Academy of Sciences
at Philadelphia, in which he states he has found
twenty-three différent scales for the hydrometer
for liquids heavier than water, no one of which
can be said to be correct ; and for liquids lighter
than water he has found eleven différent scales.
Baumé's idea was that each degree of his scale
would give the percentage of sait présent in a
solution, and on this assumption many instru¬
ment-makers seem to have employed the 10 p.c.
solution for graduating both instruments. Others
have used oii of vitriol as the standard for 66°,
but as oil of vitriol is by no means constant in
its density errors have been introduced.

Professor Chandler gives the tables on next
page for the values of the degrees of Baumé's
hydrometers from experiments conducted in ex¬
act accordanee with Baumé's original directions.
The density for the 15 p.c. sait solution used
for the calculation of the first table is the mean

of thirteen déterminations by différent observers.
Another form of hydrometer is Sykes's, which

is ordered by Act of Parliament to be used for
the détermination of the strength of alcoholic
liquors. The instrument is made of brass, and
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bas a flat stem diyided into 10 parts, each of
which is again diyided into two. On the stem
Connecting the hollow bulb with the knob at the
bottom, which causes the instrument to float
vertically, slotted cireular weights can be placed
60 as to extend the range of the instrument.
Tbese weights haye the proportions 10, 20, 30,
upto90. The hydrometer is adjusted so that
it sinks to 0, when no weight is on the stem, in
alcohol of a density of -825 (the standard alcohol
of the Excise) at 60°F. In liquids containing
more water the hydrometer, of course, does not
sink so deeply, and by noting the température of
the liquid and the number on the weights used,
and the figures on the stem at the surface of the
liquid, the quantity of the proof spirit in the
sample can be found by reference to tables
(r. Alcoholometrx).

Table for liquids heavier than water.
Value of degrees Baumé calculated from 0° = 1,

and 15° = 1-1118988. Température 10°B.=
12-5°C. = 54-5°F.

Baumé
degs.

Spécifie
gravity

Baumé
degs.

Spécifie
gravity

Baumé
degs.

Spécifie
gravity

0 1-00000 26 1-21129 52 1-53580
1 1-00675 27 1-22122 53 1-55179
2 1-01360 28 1-23131 54 1-56812
3 1-02054 29 1-24156 55 1-58479
4 1-02757 30 1-25199 56 1-60182
5 1-03471 31 1-26260 57 1-61923
6 1-04194 32 1-27338 58 1-63701
7 1-04927 33 1-28436 59 1-65519
8 1-05671 34 1-29552 60 1-67378
9 1-06426 35 1-30688 61 1-69279

10 1-07191 36 1-31844 62 1-71223
11 1-07968 37 1-33021 63 1-73213
12 1-08755 38 1-34218 64 1-75250
13 1-09555 39 1-35438 65 1-77335
14 1-10366 40 1-36680 66 1-79470
15 1-11189 41 1-37945 67 1-81657
16 1-12025 42 1-39234 68 1-83899
17 1-12873 43 1-40547 69 1-86196
18 1-13735 44 1-41885 70 1-88551
19 1-14609 45 1-43248 71 1-90967

.20 1-15497 46 1-44638 72 1-93446
21 1-16399 47 1-46056 73 1-95989
22 1-17316 48 1-47501 74 1-98601
23 1-18246 49 1-48975 75 2-01283
24 1-19192 50 1-50479 76 2-04038
25 1-20153 51 1-52014

Table for liquids lighter than water.
Value of degrees Baumé calculated from

0° = 1-0737665 at 10° = 1. (The density of the
10 p.c. sait solution is the mean of nine
observations.) Température 10°B. = 12-5°C.
= 54-5°E.

Baumé
degs.

Spécifie
gravity

Baumé
degs.

Spécifie
gravity

Baumé
degs.

Spécifie
gravity

10 1-00000 35 •85342 60 •74432
15 •96G79 40 ■82912 65 •72577
20 •93571 45 •80616 70 •70811
25 •90657 50 •78443 75 •69130
30 ■87919 55 •76385

Twaddell's hydrometer, which is often used
in England for liquids of greater density than
water, is so diyided that the numbers indieated
on the stem, multiplied by 5 and added to 1,000,
give the density of the liquid referred to water
as 1000. Thus

20° Twaddell = a density of 1,100 or 1-100
100° „ = „ „ 1,500 or 1-500
Nicholson's hydrometer consists of a cylin-

drical metallic bulb connected at the bottom by
a wire to a cup, and also an inyerted cup pierced
with holes. The top of the float is connected by
a wire to a pan, on which weights may be placed.
This wire has a single mark on it, which is
brought to the surface of the liquid by weights
placed on the upper scale pan. The instrument
is so adjusted that when floating in distilled
water at 62°E\, 1,000 grains placed on the scale
pan will bring the mark on the stem to the sur¬
face of the water. When placed in a denser
liquid, more weights have to be added to the
1,000 grains in order to bring the mark to the
level of the liquid, and as the same volume of
liquid is displaced as in the case of the water,
the weights at once give the density of the liquid
referred to that of water at 62°. The cups
below the float are used in the détermination of
the densities of solids, and will be referred to
subsequently.

Another form of hydrometer depending on
the same principle as Nicholson's consists of a
cylindrical glass weight suspended from the arm
of a balance, and is so counterpoised tbat the
balance is in equilibrium when the plunger is
sunk in distilled water. When placed in liquids
of other densities the weights have to be altered
to bring the balance to equilibrium, and the
weights, which are generally used in the form of
riders, are so arranged that the density of the
liquid is read off directly. A thermometer may
be placed within the glass plunger with its bulb
projecting below, so that the température of the
liquid can be simultaneously determined.

Another method of determining the densities
of liquids dépends on the fact that if columns of
two liquids of différent densities are made to
support one another, the lengths of the columns
will be inversely as the densities. Many dif¬
férent forms of apparatus depending on this
principle have been described. Perhaps the
most simple is that of Alexander (A. Ch. 1847,
70, 137), which consists of an inverted glass
U tube with the limbs graduated upwards from
0 near the open ends; at the bend of the tube
a small exhausting syringe is attached, or more
simply a tubulure closed by a stopcock, or a
piece of caoutchouc tube closed by a clamp may be
used. One of the open ends of the tube is placed
in water, and the other into the liquid of which
the density is sought, and the air rarefied in the
tube. The liquids rise in the tube, and after
adjusting the levels outside the tubes to the
zéro marks, the lengths of the columns are read
off. If the column of the liquid of unknown
density is drawn up 100 mm. the reading of the
level of the water in the other tube at once

gives the density. Capillarity will affect the
readings unless the tube is so wide that the
lower curve of the meniscus is not raised above
the level of the liquid outside. If the tubes are
narrower, the heights of the columns drawn up
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by capillarity when the tubulure is freely open
to the air must be subtracted from the eolumu
finally measured. Other forms of apparatus
have been described by Tate (P. M. 1859 [4]
17, 254) ; by H. Schiff (A. 1862, 121, 82), and
by L. Weber (Beiblâtter, 1879, 3, 770).

For some purposes the density of a liquid
has to be determined at its own boiling-point.
This may be done by suspending a speeifio-gravity
flask filled with the liquid in another vessel
containing some of the same liquid, which is
raised to the boiling-point. This beats the con¬
tents of the flask, and when the liquid ceases to
expand the stopper is placed into the bottle,
which is then removed from the vessel, allowed
to cool, and weighed (C. Schall; B. 1884, 17,
2201). A better method of determining densities
at high température is by the use of the dilato-
meter, which is a kind of thermometer with a
wide graduated tube, the capacity of the tube
and bulb being accurately known. The density
of the liquid is first determined by the ordinary
specific-gravity bottle, and then some of the liquid
is introducedinto the dilatometer, the température
of which is gradually raised, and the increase of
volume measured. When the co-eflicient of ex¬

pansion has been thus determined, the density
at any température may be calculated. A com¬
plété account of the methods of using dilato-
meters, and ail the précautions necessary in
manipulating with them, will be found in a
paper by Thorpe ' On the Relation between the
Molecular Weights of Substances and their
Spécifie Gravities in the Liquid State ' (C. J.
1880, 37, 155).

Densities of solids.
In determining the density of a solid it is

necessary to find its mass, and also the mass of
an equal volume of water, or, what cornes to the
same thing, to find the volume of the solid from
which the mass of the water can be calculated.
In some few cases this may be done by measure-
ment, as, for example, the measurement of a
cubic foot of a body, like stone, which may be
eut into a regular shape. It more generally
happens, however, that the solid is irregular in
form, or even in powder, when other methods
must be adopted.

One of the simplest methods is to place some
water or other liquid of known density in a
graduated tube and measure it, and then intro-
duce a weighed quantity of the solid, and ob¬
serve the rise of level of the liquid in the tube.
Or the tube may be weighed before and after the
introduction of the solid, the increase of weight
giving the quantity of the solid introduced.
(H. Schiff, Ann. Chem. u. Pharm. 1858, 107,
59, and J. Osann, Ann. Phys. u. Chem. 1859,
106, 334). Gentilé (J. Pharm. 1867 [4J 5, 401),
uses a small bottle with a bulb at the top of
1 c.c. capacity. The bulb is connected to the
bottle by a narrow tube with a mark on it, and
there is another mark on a similar tube above
the bulb. The bottle is filled with liquid to the
lower mark and weighed ; the solid is introduced
until the liquid reaches the upper mark, and
the whole again weighed. This increase of
weight is that of 1 c.c. of the solid.

A similar process that may be employed
when the solid is in small fragments or in

powder is to fill a specific-gravity bottle with
water, and counterpoise it on a balance. Some
of the solid is then placed on the pan of the
balance and weighed ; the solid is now placed
into the specific-gravity bottle, and the level of
the water adjusted. On again weighing, the
quantity will be found to be less than the
previous amount, the différence being due to
the quantity of water expelled by the introduc¬
tion of the solid, and which, of course, occupies
the same volume as the solid. The relative
density of the solid to water at the same tem¬
pérature is at. once found by dividing the weight
of the solid by the weight of the quantity of
water expelled. Some précautions are necessary
in this method. Many solids, especially in the
form of powder, entangle a quantity of air,
which replaces some of the water in the bottle,
or may even cause some of the solid to float in
the liquid. This may often be removed by
placing the specific-gravity bottle containing
the water and the solid in an air-pump receiver
and exhausting the air ; the diminution of pres¬
sure causes the entangled air to expand and
form large bubbles, which readily escape from
the surface of the water. In the case of solids
that are soluble in water this method is ob-
viously inapplicable, and it is necessary to use
another liquid of known density which does
not act on the solid. Petroleum or alcohol
may be used, care being taken to détermine
the density of the particular sample of liquid
used.

When the body of which the density is to be
determined is of such a shape that it can be
suspended by a piece of fine platinum wire, tbe
piece is first weighed and then attached by
means of the fine platinum wire to the hook at
the bottom of a small scale pan. A vessel of
water is placed under the scale pan, and the
solid immersed in it. When a solid is thus
immersed in water it displaces its own volume
of water, and there is at the same time an
apparent loss of weight; this is due to the
surrounding water producing a pressure on the
solid which is exactly equal to the pressure on
the volume of water which the solid has dis-
placed, and which previously kept the water in
the vessel in equilibrium. The apparent loss
of weight is therefore the weight of the quantity
of water displaced by the solid, that is to say of
an equal volume of water, so that we obtain the
necessary data for determining the relative
density of the solid at the température of the
water at the time of the observation, the mass
of the solid divided by the loss of weight in
water being the density.

If the body is less dense than water it is
obvious that its density cannot be determined
precisely in this manner, for the solid will float.
To cause it to sink, it is attached to a piece of
métal of known weight and density. On weigh¬
ing the two bodies together in water part of the
apparent loss of weight is due to the displace¬
ment of the water by the métal and part by the
displacement by the light body. The loss caused
by the sinker can be calculated from its known
weight and density, and this deducted from the
total apparent loss of weight gives the weight of
the water displaced by the body of which the
density is to be determined.
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In practice it is, however, better to détermine
the amount of water displacecl by the sinker
tban to calculate it. The substance may first
be weighed, and then the sinker attached by
thin platinum wire to the scale pan and weighed ;
then a vessel of water placed under the scale
pan, and the sinker immersed in it. The
apparent loss will give the quantity of water dis¬
placed by the sinker. The substance is now
also attached to the wire and weighed, together
with the sinker, in water, and the différence
between the weight and the sum of the weights
of the wire, sinker, and substance is the weight
of the water displaced by the sinker and sub¬
stance. As the weight of water displaced by the
sinker has been determined, the différence be¬
tween these two weights is the amount of water
displaced by the substance alone, and the weight
of the substance divided by this number gives
the density.

The weight of water displaced by the light
body may be obtained by the employment of
three weighings, whereas the method just de-
scribed requires four. It dépends on the follow-
ing facts : when a body floats on a liquid it
displaces a weight of the liquid equal to its own
weight ; if the body is now totally immersed
there is an upward pressure due to the additional
quantity of the liquid displaced ; this flotation
pressure, determined by weights added to ' the
weight of the body, gives the weight of the
liquid displaced by the whole solid. In deter-
mining the density of such a body it is therefore
necessary to know its weight, the apparent
weight of the sinker when immersed, and the
apparent loss of weight when the light body is
attached to the sinker and weighed under
water. The différence between the two last
weighings, added to the weight of the body in air,
gives the quantity of water displaced by the
solid. Thus if p is the weight of the light body,
t'the weight of the sinker in water, and p" the
weight of sinker and the light body in water,
the density d = —

p -p ' + p

Nicholson's lrydrometer (as previously men-
tioned) may be used for the détermination of
the densities of solids. Weights are placed in
the upper scale-pan until the instrument sinks
to the mark. The weights are removed, and the
substance is placed on the pan, and weights
added until the mark is again at the level of the
liqnid; the différence between the weights is
the weight of the solid in air. The solid is then
placed on the lower scale-pan if of a higher
density than water, or underneath the inverted
cup if of a lower density, and weights are placed
on the upper scale-pan to restore equilibrium.
From the numbers thus obtained the amount of
water displaced by the solid can be calculated,
and from this, together with the weight of the
body in air, the density is determined.

There are some solids which must not be
wetted by any liquid, in conséquence of a possible
change of composition, and in these cases the
usual methods of determining densities are of
course not available. Others which are porous
retain air so persistently that errors may arise
by the presence of quantifies of air which
cannot be removed. In such cases the instru¬
ment called the stereometer, invented by Cap-

Vol. III.—T

tain H. Say of the French engineers (A. Ch.
1797, 23, 1-20), may be employed. This
apparatus has undergone several modifications,
and is now known as the volumenometer. Say's
apparatus consists of a glass cup connected at
the bottom to a long vertical tube, graduated
both in millimétrés and cubic centimètres.
The edge of the cup is ground and may be
closed by a greased glass plate. The tube is
sunk in a vessel of mercury until the mercury
reaehes the zéro at the top of the tube. The
glass plate is then placed carefully on the cup,
and the. apparatus raised by means of a pulley
which is used so as to prevent rise of tempéra¬
ture by touehing the tube with the hand. The
mercury now sinks in the tube, but not to the
level of the liquid outside; the différence be¬
tween the levels is read on the scale of milli¬
métrés on the tube, and the increase of volume
on the graduations of capacity. From
these readings, together with that of
the barometer, the original volume
of the gas in the cup can be calcu¬
lated. On closing the cup the con-
tained air was at the atmospheric
pressure h and its volume x. When
the cup was raised the volume was
increased to x + a, a being the volume
read off on the graduated tube, whilst
the pressure on the gas at the second
measurement was h — h, h being the
différence of level between the mer¬

cury inside and outside the tube.
As by Boyle's law the volume of

a gas multiplied by its pressure is a
constant, aur = (x + a) (h — h) ; hence

h
A numerical example

= 1.

so

o

will at once make this ealculation
clear. Suppose the volume in the
cup to be taken as 1, the barometer
standing at 760 mm. ; if the cup is
now raised until the volume is dou-
bled, the pressure will be reduced to
one-half. so the mercury will stand
in the tube at 380 mm. above that
outside. The increase of volume is
therefore 1 ; then

_1 (760 — 380) _ 1 x 380
380 380

The instrument is now sunk to
the original level, the plate removed,
and the body of which the density is
to be determined is placed into the
cup, the plate replaced, and the ap¬
paratus again raised. As the volume
of air in the vessel is less than before

there will be a smaller increase of
volume for the same diminution of

pressure, a second ealculation will
give the volume of air in the second
case, and the différence between these two
volumes is the volume of the solid introdueed.
From the volume and the mass, obtained by
weighing, the density can be calculated. This
apparatus was used for the détermination of
the density of gunpowder.

An instrument on this principle was con-
structed by W. H. Miller (P. M. 1834, 5, 203-
204), and used by him to détermine the density

M M

Fig. 4.
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•o£ the standard pound weights, which he was
not allowed to weigh in water (Tr. 1856, 146,
799). It consista of a cylindrical iron vessel, to
which a vertical glass tube of known contents is
cemented. The lower end of the glass tube is
attached to a hollow steel socket, to which a
second tube, parallel to the first, is connected.
The steel piece is also provided with a stop-
cock at the bottom, for the purpose of running
out the mercury. A cup to hold the body of
which the density is to be determined is first
placed into the iron receiver, and mercury is
poured into the open tube until it stands at
the zéro of the graduations of the tube attached
to the iron cylinder. The cylinder is next
covered with a greased glass plate, and the mer¬
cury allowed to flow from the stopcock until
the pressure of the gas within the apparatus is
redueed to about half an atmosphère. The
différence between the levels of the mercury in
the two tubes is then accurately measured, as well
as the height of the barometer. The increase
of the volume of the air is found from the pre-
vious calibration of the tube, which is done by
allowing mercury to flow out from the tube and
weighing the quantifies which occupy spaces in
the tubes between the graduations. From the

Fia. 6.

increase of volume and the diminished pressure
the volume of the original gas in the tube is cal-
culated. The mercury is then restored to its
original level in the open tube, the glass plate
removed, and the standard weight introduced.
The mercury is again run out, the measurements
made as before, and the volume of the solid cal-
culated, and from this, together with its weight,
the density is found.

In 1845 Begnault published a note on a
volumenometer (A. Ch. [3] 14, 207). This in¬
strument (fig. 5) eonsisted of a globe of about
300 c.c. capaeity, that could be united by means of
métal flanges to a narrow tube connected to a
manometer, and having a short branch tube pro¬
vided with a stopcock, by opening which the
pressure within the apparatus may be made the
same as that of the atmosphère. The mano¬
meter was made of two parallel glass tubes, of
which the one connected to the narrow tube had
a bulb of about 60 c.c. capaeity blown at its upper
part. The globe was connected to the manometer,
the stopcock communicating with the air opened,
and mercury poured into the open tube until it
filled the two tubes and the bulb at the top of the
closed one, and rose to a mark on the latter tube.
The stopcock was next closed, and mercury run out
from another stopcock screwed to the steel piece
Connecting the two glass tubes until it reacheda
mark on the glass tube below the enlargement.

Fig. 7.

The capaeity of the space between the two mark
being known, and the diminution of pressu»
being read by the différences of levels of the mer¬
cury in the two tubes, the original volume of air
in the apparatus could be calculated. Theglolt
was next disconnected and aweighed quantityil
the substance to be experimented on introducei,
and the process of measurement repeated. Ci
course this form of apparatus can be used onl;
for powders or substances in small pièces. Grassi
(J. Ph. 1847 [3] 11,184) gives a number of déter¬
minations of densities made by this apparatus.

Another modification of the volumenometff
was made byBiidorff (A. 1879, N. F. 6 , 288-293).
This, which is made ail of glass, consists of tw
vessels connected by a neck on which a mark il
etched (fig. 6). The upper vessel, of a capacitj
of about 25 c.c., may be closed at the top byi
ground cap furnished with a stopcock ; the vessil
is also provided with a (J-shaped manometer
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tube. The lower vessel, of about 40 c.c. capacity,
is joined to a long vertical tube, elosed by a stop¬
coek and having a mark near the top. The volume
between the two marks is determined by running
mercury out from the stopcoek and weighing it.
The opérations are carried out in the same way
as in the other forms of instrument. The upper
stopcoek being elosed after the glass eap has been
firmly fitted in its place, the mercury is then run
out until its level reaches the lower mark on the
tube, and the diminution of pressure is read by
the manometer. The last form of the instrument
appears to be that of Paalzow (fig. 7) (A. Ch.
1881, N. F. 13, 332-335). This, like the former
apparatus, has a glass cup at the top attached to
a glass tube, with a narrow neek at the top and
bottom, on whieh lines are etehed, the capacity
between the two lines being accurately deter¬
mined.

The lower neck is connected by a long caout¬
chouc tube to a similar glass tube or réservoir,
with a narrower tube attached to each end,
and of the same diameter as the necks of the
measuring tube, to prevent any eapillary dépres¬
sion of the mercury in the tubes. The réservoir
is held by a elamp attached to the stand of the
instrument, and which can be raised or lowered
at will. It is first raised until the tube at the
bottom of the réservoir is level with the upper
neck of the measuring tube, and mercury is poured
in until the caoutchouc tube and measuring tube
are filled, care being taken that ail air bubbles
are removed from the sides of the tubes. The
cup at the top of the instrument is elosed by a
perforated glass plate, to which a stopcoek is fixed,
and this may be connected to a drying apparatus,
so that by lowering and raising the mercury
réservoir several times the apparatus may be
filled with dried air. To détermine the density
of a solid the mercury réservoir is raised until
the mercury level in the measuring tube is exactly
at the upper mark, the final adjustment being
facilitated by using the micrometer screw attached
to the clamp. The stopcoek is elosed, and the
réservoir is lowered until the mercury is at the
lower mark on the measuring tube. The différ¬
ence of level is read off from graduations on the
stand of the instrument, the barometer, of course,

being read simultaneously. À répétition of the
measurements with the substance in the cup
gives the necessary data for calculating its
volume.

The volumenometer obviously eannot be
employed for the détermination of the densities
of solids which give off any gas or vapour under
reduced pressure, such as efflorescent salts, for
the increase of volume would be due not only to
the expansion of the air in the apparatus, but
also to the production of aqueous vapour. It
answers very well for porous bodies like cotton
wool, the entangled air from which at once ex-
pands on the pressure being diminished.

Another form of volumenometer was described
by H. Kopp (A. 1842 [3] 6, 380), in which the
air was compressed to a known extent and the
increase of pressure measured. The apparatus
is more eomplex than those above described, and
might not be so easy of manipulation. It con¬
sista of a glass cylinder, into the bottom of which
mercury is forced by means of a pump or plunger.
The upper end of the cylinder is elosed by a cover

tlirough which two glass tubes pass. One of these
is a vertical tube open at both ends and extend-
ing nearly to the bottom of the cylinder. Two
platinum wires with fine points are also attached
to the inside of the cover, and extend to différent
depths inside the cylinder. The second tube
through the cover communicates with the bottom
of a cup, which can be elosed by a glass plate
held in position by a screw, the cup serving as
the réservoir into which is placed the body whose
density is to be determined. To use the appara¬
tus, the glass plate is securely fitted to the cup,
and mercury forced into the cylinder ; air is ex-
pelled through the vertical tube until the mercury
closes its lower end ; the contained air now be-
comes compressed, and merenry rises in the tube.
The admission of mercury is continued until its
surface just touches the end of one of the plati¬
num wires. The diminished volume is known
from the capacity of the cylinder between the
ends of the tube and of the wire, and the pres¬
sure is read by the différence of levels between
the mercury in the cylinder and in the vertical
tube. Another measurement is made with the
cup eontaining the body, and from the two
esperiments the volume of the body is cal-
culated.

Oecasionally it is necessary to détermine the
densities of small fragments of crystals or
minerais, and for this purpose Sehaffgotsch
(A. Ch. 1862, 116, 279) suggests the use of
liquids in which the solids will just float. For
substances lighter than water, dilute spirit may
be employed, and for bodies more dense than
water, nitric aeid or solutions of common sait or
of mercuric nitrate. The densities of the liquids
may be afterwards determined, or a number of
solutions of known densities may be kept in
readiness. It is obvious that the method cannofc
be used if the solid is acted on or dissolved by
the liquid ; in this case other liquids may be used.
Thus Sonstadt (C. N. 1874, 29, 127) used a
mixture of ethylic iodide and carbon disulphido
for determining the densities of potassicchloride,
potassic sulphate, and alum, and for minerais a
solution of mercuric iodide in a solution of

potassic iodide may be obtained having a density
of 3-085 at 12°. V. Goldschmidt (J. M. 1881 ;
Beilageband, 1, 179), by a modification of Son-
stadt's method, has obtained a solution of the
double potassic mercuric iodide of the density
3-196. By the use of such a solution, diluted
with varying quantities of water, the densities
of very minute fragments of minerais may be
approximately determined, thus enabling the
mineralogist to reeognise them very rapidly.

Dense liquids are now much used by petro-
logists for separating mixed minerais. From a
quantity of erushed rock it is very tedious and
difficult to pick out the various constituents by
means of forceps; but, if the minerais have
différent densities, some will float in a dense
liquid while others sink, and thus they may be
readily separated. Thoulet (C. B. 1878, 86, 454)
describes a mode of separating mixed minerai
powders by placing the mixture in a solution of
the double potassic mercuric iodide, when some
of the more dense constituents sink to the
bottom and are removed. On diluting the liquid
with a known volume of water, the density of
the solution is diminished and other constituents
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fall to the bottom. By repeating tbe prooess a
fractional séparation is affected.

D. Klein (C. B. 1881, 93, 318) suggested the
use of the borotungstate of cadmium, a saturated
solution of which has a density of 3-281. This
sait fuses in its water of crystallisation at 75°,
giving a liquid of a density of 3-6. This com-
pound seems to be one of the most useful for
the séparation of mixed minerais.

A still denser liquid was obtained by C.
Rohrbach (Ann. der Physik und Chetnie, 2, 1883
[2] 20, 169) by combining mercuric and baric
iodides. The solution has a density of 3-588,
but the compound is unstable, for, on mixing
with water, some mercuric iodide is precipitated,
it also absorbs water from the air and its density
is thus changed.

The use of methylene iodide CHJ, was pro-
posed by Brauns (J. M. 1886, 2, 72) ; this has a
density of 3-33, and may be diluted with benzene
if a less dense liquid is required. By dissolving
iodine or iodoform in the methylene iodide,
Betgers has obtained liquids with a density as
high as 3-65.

For the identification of gems, Church em-
ploys standard solutions of the double potassic
mercuric iodide of densities 3-17, 2-9, 2-67, and
2-63.

The use of fused solids has been suggested
for the séparation of mixed minerais. For
this purpose the solid is fused in a test-tube,
and the powder to be separated is thrown in and
well stirred with the liquid, which is afterwards
kept fused for a short time to allow the heavier
particles to collect at the bottom and the lighter
ones to float to the top. The substance is then
allowed to cool, and the solid cylinder is removed
from the test-tube, the upper and lower ends of
the cylinder are eut ofî, and are acted on by
suitable solvents when the separated minerais
are left insoluble. The fused cadmie borotung¬
state has been already mentioned. R. Bréon
(C. R. 1880, 90, 626) employs fused plumbic and
zincic chlorides, and mixtures of the two.
Plumbic chloride in the fused state has a density
of 5, that of fused zincic chloride being 2-4, so
that a considérable range is available. Unfor-
tunately the plumbic chloride requires the
high température of 400° to fuse it, and, as it
is only sparingly soluble in water, it is not
easily removed from the powders. Retgers
mentions iodine as fusing at 113°, and giving a
liquid with a density of 4 ; mercuric potassic
iodide fuses at 160°, and the density of the liquid
is 4-1 ; fused argentic nitrate has the same den¬
sity, its fusing-point being 198° ; and the mix¬
ture of argentic iodide and argentic nitrate fuses
between 65° and 70°, and has a density of about
5. In order to facilitate the séparation of pow-
dered rocks by the use of heavy liquids, various
forms of apparatus have been described by
Church, van Werveke, Thoulet, Brôgger, Harada,
Oebbeke, Wùlfing, Sollas, Smeeth, and Evans.

Density of gases.
The détermination of the density of gases is

a much more delicate opération than those for
solids and liquids. In order to obtain a quantity
of gas that can be weighed, it is necessary to
employ a considérable volume. Again, gases are
so much affected by changes of température and

pressure that great précautions are necessary.
Begnault employed flasks of a capacity of ten
litres, and, when weighing one of the fiasks con-
taining a gas, another flask of the same kind of
glass and of exactly equal external volume was
suspended from the other pan of the balance.
This second flask was hermetically sealed, and
was used so that no correction for displacement
of air by the expérimental flask was necessary,
and also that the film of moisture which is
always deposited on glass vessels should not
interfère with the weighings, for obviously the
same quantity would be deposited on both
flasks.

After the internai capacity of the expérimental
flask had been determined, it was connected to
an air-pump and exhausted as completely as
possible, and the pressure of the residual air de¬
termined by means of a manometer. The flask
was then weighed, and it was assumed that its
volume was the same as when it was full of gas
of the ordinary atmospheric pressure. It was
noticed by Agamennone (Rendiconti d. B. Accad.
dei Lincei, 1885) that the volume must be
smaller when the flask is vacuous and under
the full pressure of the atmosphère. Lord
Rayleigh has sinee shown independently (P. E.
1888, 43, 356) that the external pressure of
the atmosphère very appreciably diminishes the
external volume of the flask, so that the amount
of air displaced by the vacuous flask is less than
that displaced by the eounterpoising flask. In
his experiments the flask was about 1800 c.e.
capacity, and the change of volume when
exhausted was about -43 c.c., which made a
différence in weighing in air of -00056 grms.
When weighing hydrogen this amount of correc¬
tion cannot be neglected. Begnault's method is
necessary only for standard déterminations of the
densities of gases.

For ehemical investigations the method of
Bunsen is easily applicable. A flask with a
narrow neck, and carefully-fitted stopper, has its
neck graduated in millimétrés, and the contents
of the flask are determined by the method used
in ordinary gas analysis, a table being construeted
giving the capacity of the flask when filled to
the divisions marked on its neck. Before use a

small piece of potassic hydrate, or a little calcic
chloride with a drop of water, is fused on to the
interior of the flask. The flask is next filled
with mercury, and inverted in a mercurial trough
with glass sides (fig. 8). The gas is now
passed into the flask from a delivery tube until
the mercury is nearly ail displaced. The
apparatus is allowed to remain for some time in
a room of constant température, and any water
vapour the gas may contain is removed by the
drying substance on the walls of the flask.
During this time the stopper is held with its
point just within the neck of the flask, being
kept in this position either by a holder, which
prevents its floating up by the pressure of the
mercury, or by a thin platinum wire placed
within the neck which keeps the stopper from
closing it. After some time has elapsed the
level of the mercury within the neck, and the
level of the mercury in the trough, as measured
on the neck, are read off by a telescope, the
température of the gas, as indicated by a neigh-
bouring thermometer and the barometer being
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read at tke same time. From these data the
volume of the gas at 0°, and at a pressure of
760 mm., is calculated. The stopper is now
immediately fixed into the neck, by raising the
holder or by removing the wire, and after it has
been firmly fixed in its position the flask is
removed from the trough and the mereury care-
iully wiped from the outside. The flask con¬
taining the gas and the small quantity of mereury
is weighed. The stopper is now removed and a
drying tube containing potassio hydrate is
attached by a piece of india-rubber tube ; the
whole is plaeed under the receiver of an air-
pump, and the air pumped out and readmitted
several times. By this means the gas is replaced
by dry air, the potash tube is removed and the
stopper replaced, the température of the flask
and the barometer being simultaneously read.
The flask, now containing a known volume of air
at known température and pressure, is weighed,
and from these data the weight of the air in the
flask can be calculated. The différence between
the weight found and the weight of the air
calculated gives the weight of the flask and

Fio. S.

mereury, and this, subtracted from the weight
obtained when the flask contained the gas, gives
the weight of the gas, from whieh its density can
be calculated.

Another method for the détermination of the
densities of gases had been devised by Bunsen,
and dépends on the rate of effusion of the gases
through a minute hole in a thin plate of platinum.
The densities of two gases are proportional to
the squares of the times of effusion, so the
experiment consista in determining the time
occupied by the passage of a certain volume of
air through the aperture, and then determining
the time required for the effusion of the same
volume of the gas. The density in relation to
air is obtained by dividing the square of the
number of seconds obtained in the second case

by the square of the number found in the first.
This method is fully described in Bunsen's
' Gasometry,' and may be used with only a small
volume of gas, and the results are sufficiently
accurate for most practieal purposes.

In the manufacture of coal gas it has been
found convenient in some cases to be able to

détermine the density of thé gas produced during
the whole opération, and for this purpose an
apparatus was devised by Bosseha and Ledoir
(C. N. 1860, 1, 111) which gives a sufficiently
close approximation for practieal purposes.
From the short arm of a balance with a bent
beam, a sealed flask of about half-a-litre capacity
is suspended. When plaeed in air the pointer
on the long arm cornes to rest at the zéro of tlie
graduated arc, over which the pointer moves.
When plaeed in a gas of higher density the flask
will be buoyed up and the pointer will fall ; the
reverse will occur if the gas is of less density
than the air. Beeently an arrangement has
been contrived for making this apparatus self-
recording.

Densities of vapours.
Two principal methods are employed in

determining the densities of vapours. In one a
known quantity of the body is volatilised and the
volume of vapour measured, in the other a known
volume is filled with the vapour and its weight
determined.

Gay-Lussac's method is of the first kind. A
graduated and calibrated tube is filled with
mereury and inverted in an iron mercurial
trough which can be heated below. A thin
weighed bulb is filled as completeiy as possible
with the liquid to be volatilised, sealed, and
again weighed. The increase of weight is the
quantity of liquid taken. This bulb is passed
up into the graduated tube, which is then
surrounded by a wider cylinder open at both
ends, the cylinder being depressed below the
surface of the mereury. Into the space between
the cylinder and tube a liquid is plaeed to form
a bath for heating the tube. This liquid may
be water if the density of the vapour of a
substance of low boiling-point is to be determined,
or oil if a higher température than 100° is
necessary. The mercurial trough is then heated,
and the heat is conducted through the mereury
to the liquid in the cylinder. The expansion of
the liquid in the glass bulb bursts it, and as
the température rises the liquid is transformed
into vapour and depresses the mereury in the
graduated tube. When the water in the cylinder
boils, or the oil has reaehed a sufficiently high
température, a thermometer in the bath is read
and the level of the mereury iu the graduated
tube is noted, aud also the atmospheric pressure
at the time, by means of a barometer. It is next
necessary to measure the différence of level
between the mereury in the tube and that in the
trough. This is done in one of two ways. In one a
screw of known length working in a nut attached
to the edge of the mereury trough is screwed
down until its point just touches the surface of
the mereury ; the différence of level between the
top of the screw and the level of the mereury in
the tube is now measured by means of a cathe-
tometer, and the number thus obtained, added to
the length of the screw, gives the différence of
the level of mereury inside and outside the
graduated vessel. In the other way a graduated
steel rod, whieh can be clamped to a rod attached
to the side of the mereury trough, is shifted so
that its lower end touches the surface of the
mereury. The graduated rod carries a slide with
a projecting arm. This is moved until the lower
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edge o£ tlie arm is at the same level as the
mereury in the tube ; the reading of the graduated
rod gives the desired différence of level.

From these data the density of the vapour
can be calculated. It is necessary first to reduce
the volume of the vapour to the normal pressure
and the température of 0° on the assumption
that the vapour could exist under these condi¬
tions without liquéfaction. The volume Y is
obtained from the ealibration table of the tube ;
the pressure under which the vapour existed is
the height of the barometer, B, minus the
différence of level, h, of the mereury inside and
outside the tube, so that the whole correction
becomes

Y x (B — h)V' =
760 x (1> -003665f)'

t being the température of the bath at the
moment of reading the volume of vapour and
•003665 the coefficient of the expansion of gases
for 1° Centigrade starting from 0°. If great
accuracy is required, the increase of capacity of
the tube by rise of température must be eorrected
for, and also the altération of the density of the
mereury within the heated tube, and when high
températures are employed the pressure of
mereury vapour becomes considérable, and a
correction must be made for it.

The weight of the eorrected volume of vapour
being known from the weighing of the thin glass
bulb and the weight after filling, the density of
the vapour may easily be calculated from the
known weight of an equal volume of air or
liydrogen.

If the substance is not quite pure it is obvious
that the final resuit must be inaccurate, but if
the whole of the substance is volatilise! an

approximation to the true density is obtained
by this method.

Dumas' method of determining vapour densi-
ties is of the second kind, the weight of a known
volume of the vapour being determined.

A light glass flask, of a capacity of from 100
to 350 c.c. (according to the density of the vapour
to be determined), lias its neck clrawn out to a
fine point and bent nearly at right angles. The
flask has to be filled with dry air, which is done
by Connecting the point to a chloride of calcium
tube and attaching the latter to an air-pump.
The flask is several times exhausted, and filled
with air which has passed through the drying
tube. The flask full of air is now weighed, the
température and the barometer being simul-
taneously read. The end of the tube is next
dipped into the liquid, or the fused substance if
the body of which the vapour density isto be de¬
termined is solid at the ordinary température,
aud by alternate heating and cooling some of
the liquid is introduced into the flask. The flask
is lowered into a bath of boiling water or of hot
oil ; the liquid boils, and its vapour expels the
air. The introduction of the flask into the bath
must be done with précaution, for a dangerous
pressure might be produced in the flask if the
evaporation were too rapid. When the tempéra¬
ture of the bath is well above the boiling-point
of the liquid and vapour ceases to escape from
the orifice, the point is sealed by a blowpipe
flame, the température of the bath and the
height of the barometer being observed at the

same time. The flask is removed from the bath,
cleaned, and weighed. The next process is to
détermine the capacity of the flask. For this
purpose the point of the flask is broken under
mereury, and the mereury is forced in by atmo-
spheric pressure. If the mereury completely
fills the flask it shows that no air was mixed
with the vapour of the substance. The mereury
is now poured out into a graduated vessel, and the
quantity measured. This gives the volume of
the vapour that the flask contained. If a bubble
of air is observed above the mereury in the flask,
its volume must be determined either by refilling
the flask completelyafter measuring the mereury,
or more conveniently by running mereury in
from a burette until the flask is quite full of
mereury with the condensed liquid above it ; the
volume of mereury thus introduced is equal to
the volume of the residual air. The capacity of
the flask is now determined by measuring the
mereury as before described. The data are suf-
ficient for the calculation of the vapour density;
the weight of the flask is ths weight first ob¬
tained minus the weight of the volume of air at
the température and pressure at the time of
weighing calculated from the volume of the
flask found in the last opération. The weight of
the vapour is the weight obtained in the second
weighing minus the weight of the flask. The
volume of the vapour at 0° and 760 mm. pres¬
sure is calculated from the volume of the flask
and the température and pressure at the time of
sealing, and the weight of an equal volume of
air or of hydrogen is calculated from the known
weights of a litre of these gases. A correction
may be made for the increase of the capacity
of the globe at the température at which it is
sealed, but in most cases this correction is un-

necessary. The coefficient of expansion of glass
given by Begnault is as follows :

Between
0° and 100°
0°
0°
0°
0°
0°

150° .

200° .

250° .

300° .

350° .

For eacli deg. C.
. -0000276
. -0000284
. -0000291
. -0000298
. -0000306
. -0000313

When Dumas' method is used the substance
must be very pure, for if it is a mixture the
portions with the lower boiling-point pass off
first, and the density ultimately arrived at is
vitiated by the presence of the substances of
higher boiling-point présent, whereas in Gay-
Lussac's method the density is much less inter-
fered with, provided the mixture is entirely
volatilised.

Modifications of both these methods bave
been made. For very high températures Deville
and Troost employed a porcelain flask heated in
the vapour of mereury, sulphur, cadmium, or
zinc. The porcelain globes were sealed by means
of an oxyhydrogen blowpipe.

Hofmann (A. 1861, Suppl. 1,9) modified Gay-
Lussac's apparatus for the détermination of the
density of triethylphosphine oxide in the follow-
ing manner. A U-shaped tube was made with
one limb longer than the other ; the shorter limb,
which was wider than the other limb and the
bend, was closed at the top and graduated into
cubic centimètres. The narrow limb of tho
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tube was provided with a narrow side-tube
slightly inclined downwards. To use the appa-
ratus, the side-tube was closed by a piece of
caoutchouc tube and glass rod stopper, and the
apparatus entirely filled with mercury, inverted,
and the open end plaeed in the mereurial trough.
A bulb containing a weighed quantity of the
substance was then passed up the tube and
round the bend into the closed limb. The tube
was then plaeed in the erect position, and the
stopper of the side-tube removed. The U-tube
was nerf plaeed in a water or oil bath with the

side-tube projecting over the edge. On heating
the bath the substance volatilised, and the mer¬
cury expelled from the side-tube was collected in
a bottle. When the mercury ceased to flow out
it was weighed. From the known température of
the bath and the weight of the mercury the
volume of vapour in the closed limb can be cal-
culated. On now removing the tube from the
bath and measuring the vertical distance
between the side-tube and the graduation on the
closed limb representing the volume of the
vapour which the tube contained when hot, the
pressure under wliieh the vapour existed is easily

GRAVITY. 635

ealeulated, this pressure being obviously greater
than that of the atmosphère at the time. From
these data the density of the vapour may be
ealeulated. A similar apparatus was described
by Goldschmidt and Ciamician in 1877 (B. 10,
041), and by V. Meyer in 1876 (B. 9, 1216), who,
however, filled the bulb with fusible alloy and
heated in vapour of sulphur.

Hofmann employs a graduated tube of about
a metre in length, standing in a mereurial trough,
and heated by a jacket through which a current
of the vapour of a liquid with high boiling-point
is passed. Under these circumstances the vapour
density is determined much below the atmo-
spherie pressure, which enables the opération to
to be carried out below the boiling-point of the
body and also diminishes the chance of dissocia¬
tion, which may sometimes occur. The volatile
substance is plaeed in a small stoppered tube,
which is introduced into the graduated tube.

Hofmann's apparatus has been further modi-
fied by Thorpe (C. J. 1880, 37, 147), fig. 9.
Instead of the barometer-tube being graduated
through its wliole length, only one mark is etched
on it near the closed end. The capacity of the

closed end to the mark is first determined, and
the rest of the tube is calibrated by pouring in
known quantifies of mercury as in calibrating a
eudiometer, the levels of the mercury in the tube
being read off by a graduated scale plaeed by
its side. The mercury trough is provided with
a shallow well in which the barometer-tube and
the surrounding cylinder stand, and there is an
opening at the bottom of the other portion of the
trough by means of which the mercury may be
drawn through a caoutchouc tube into a tubu-
lated bottle. Through the bottom of the trough
and into the well pass two nickel-plated copper
tubes, one of which passes to the bottom and the
other to tlie top of a copper boiler plaeed below
the level of the trough, and containing the
liquid the vapour of which is to heat the
barometer. "When an experiment is to be made
the two copper tubes are connected by a short
india-rubber tube (to prevent the access of mer¬
cury), and the bottle of mercury raised so as to
fill the trough. The calibrated tube is next
filled with mercury and inverted in the trough,
and the weighed substance introduced. The tube
is plaeed in the well, the mercury run out from
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the trough, and the india-rubber tube removed
from tbe copper tubes. A wide eylinder is now
placed round tbe barometer-tube so as to inclose
tbe tubes connected with tbe boiler between tbe
eylinder and tbe barometer, and to the top of
the wide tube a cap is fitted connected to a ver-

Fig. 11.—Plan of Mekcuky Teoush.

tical métal condenser, which also acts as the
support of tbe glass tubes. The liquid in tbe
boiler is now raised to ebullition, and the vapour
which condenses in the eylinder returns to the
boiler by the tube which passes to the bottom,
and which is a little shorter than the other tube.
Any vapour which passes through the eylinder is
condensed by the vertical condenser and falls
into a funnel attached to the return tube to the
boiler. The mercury expelled from the barometer
flo.ws over the edge of the well, and runs into
the bottle. In this form of apparatus the wliole
of the mercury in the barometer-tube is uni-
formly heated, which renders it possible to make
an accurate correction for the pressure. When
the vapour ceases to expand, the lower end of
the steel scale is brought in contact with the
mercury in the well, and the level of the mercury
in the tube is measured by moving downwards
by rack and pinion a piece of brass which partly
surrounds the wide tube. This gives the height
of the column in the barometer, and, by reference
to the calibration table, the volume of the vapour
in the tube.

Another proeess for the détermination of
vapour densities bas been much used during the
last few years. It was devisedby Y. and G. Meyer
(B. 1878,11,2253), and dépends on the measure-
ment of the volume of air expelled from a closed
vessel by the volatilisation of a known weight
of the substance. The apparatus consists of a
cylindrical bulb of about 100 c.c. capacity attached
to the end of a long tube. Near the upper end of
the latter a side-tube is attached which dips
downwards into a water trough, and over the end
of this delivery tube a graduated eylinder full
of water may be placed, the top ôf the vertical
tube being closed by a cork. At the bottom of
the cylindrical bulb a quantity of asbestos is
placed to prevent the fracture of the glass by
the introduction of the vessel containing the
body of which the vapour density is to be
determined. The bulb and part of the long tube
is heated in the vapour of a liquid of sufficiently
high boiling-point, and when tbe température
of the tube becomes constant (indicated by the
cessation of escape of ■ air through the water in
the trough) the graduated tube is placed over
the end of the delivery tube, the cork withdrawn
from the long tube, and a small glass bulb, con¬
taining a weighed quantity of the substance, is
placed within the open end of the tube. The
capillary end of the bulb tube is broken off, and

tbe bulb allowed to fall into the apparatus and
the cork immediately replaced. The volatile
body is rapidly transformed into vapour, and air
is expelled and collected in the graduated eylin¬
der. The evaporation takes place so rapidly that
none of the vapour has time to diffuse into the
cooler parts of the apparatus, and the air ex¬
pelled, when reduced to the normal température
and pressure, is equal to the corrected volume of
the vapour produced from the weighed quantity
of the substance. From the data thus obtained
the vapour density is calculated.

Various devices have been invented for allow-
ing the bulb to fall without opening the appara¬
tus, so as to avoid a loss of air, and others which
permit of the détermination of vapour densities
under reduced pressures.

By employing an apparatus constructed of
more refractory substances than glass, the
vapour densities of bodies may be determined up
to températures as high 1700°, and much light
has been thrown on the constitution of volatile
eompounds by these investigations.

H. McL.
SPECTRUM ANALYSIS, PRACTICAL

APPLICATIONS OF.
I. Aesokption Spectra.

Absorption spectra are best observed with an
instrument which furnishes a brilliant spectrum
with but small dispersion. A direct-vision in¬
strument of small size, or one which is capable
of furnishing angular measurements, and fitted
with a compound prism of Grubb's construction,
answers the purpose exceedingly well.

To secure greater accuracy in the description
of spectra than is possible by means of curves
not drawn to scale, and with only solar lines as
references, it is désirable (1) that the strength of
solutions be known, (2) that the thickness be
recorded, (3) that the absorption bands be mea¬
sured and reduced by an interpolation curve to
wave-lengths or their reciprocals. The latter are
termed oscillation frequencies, which indicate
the number of vibrations made by each ray in
a very small unit of time.

In the examination of ultra-violet spectra
photography reduees much of the work. to
mechanical routine, with the advantage of a
permanent record on the photographie plate
which can be referred to at any time. Measure¬
ments are easily made by applying a straight
ivory scale to the photograph, the scale being
read by the aid of a magnifier. Measurements
are stated eitherin tenth-metrets (ten-milliontbs
of a millimétré) or in ninth-metrets (millionths
of a millimétré).

The décimal subdivisions of a metre are con-

veniently termed metrets (Johnstone Stoney).
The first metret is a decimetre, the second
metret is a centimètre, the third is a millimétré,
and so on. A tenth-metret = (~)'° metre=one
ten-millionth of a millimétré.

For facility in reference, a scale of wave
lengths applied to prominent lines in the solar
spectrum is expressed in tenth-metrets extending
from 8,000 to 2,000 (fig. 1).

(1) The examination of ultramarine. Various
kinds of ultramarine show such différent spectra
that the manufacturer can at once aseertain the
nature of any produet he obtains. Wunder
mixed the powder with a colourless oil in a j
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cell with parallel sides. The pigment may even
be mixed with gum arabic or photographie var-
nisb, and allowed to dry on a glass-plate (fig. 2).
The purest sunlight should be used for these
observations (H. W. Vogel, 'Praktische Spee-
tralanalyse,' p. 237).

(2) The examination of precious stones. Gar-
nets exhibit différent absorption spectra accord-
ing to their origin (fig. 3). Rubies exhibit a
speotrum distinct from that of ruby-coloured
glass. Emeralds yield a spectrum which cannot
be oommunieated to glass by euprie oxide (H.
W. Vogel, l.c.).

(3) The récognition of various dyes and eolour¬
ing matters. The prineiple upon which the récog¬

nition of eolouring matters dépends is not alone
their action on the spectrum, bnt upon a sériés
of altérations in the spectrum brought about by
treatment with various reagents. Stokes first
showed the sensitiveness of these changes in
optical properties, and Sorby first applied them
to determining the nature of the eolouring
matters in wines, essences, liqueurs, inks,
&c. It is first of ail necessary to be able to
recognise dyes by their spectra. The changes
in their spectra should next be studied when
various reagents are added (figs. 4, 5, and 6)
(H. W. Vogel, Le:}.

(4) The détection of foreign eolouring matter
in wine. The true eolouring matter of wine

infka-aed f
8«oo

b5Â
yellow

, , 1-
CRECM
- . *»• . _L s

ultra-Violet

n sop o a s3thj

f« me h

Fig. 1.

HCa!
Ca L

dialyses very slowly, if at ail, through parchment
paper. Ail other eolouring matters, which, it is
alleged,are made use of for fraudulent purposes,
dialyse freely. There is one exception in the
colour from alkanet root.

To test for coloured impurities in wine, pré¬
paré a jelly by dissolving 10 parts of gelatine and

Ultramarine blue, bigbly aluminous 1

TJltramaxme blue, higlily siliceous . 2

Ultramarine green .... 3

Ultramarine violet .... 4

10 of glycérine in distilled water. When by
gentle warming the gelatine is properly dissolved,
pour it into a photographie dish, or a paper
mould, so that it forms a layer about J inch in
depth. When the jelly has set, eut it into
squares, the sides of which measure inch, with
a sharp wet knife. These cubes of jelly are

Fig. 2.

placed in the wine to be tested. If, after a
shorter or longer interval of immersion, such a
cube is taken out, washed with a little water,
and a central slice is eut out of it in a direction
parallel to the sides, it will be found in the case
of a pure wine that the colour has penetrated
but a very little way into the cube in. in the
course of 24 to 48 hours), whereas many other

eolouring matters penetrate to the very centre of
the cube.

In the case of alkanet root, which does not
penetrate the jelly, the charaeteristic spectrum
exhibiting three distinct absorption bands will
serve to distinguish it. Ammonia turns wine a
greenish-brown, but alkanet becomes a beautiful
blue, the absorption bands being reduced to two

B c r>

Oriental garnet . 1
Bohemian garnet 2
Pyrope. . .3

/V \A

Fig. 3.

in number (fig. 7). Usually it suffices to show
that the wine is artificially coloured, but when it
is désirable to go farther, the colour of the slice
of jelly, its absorption spectrum, or the action of
ammonia upon it leads to its détection. It is a
strong proof of the presence of a foreign eolour¬
ing matter in a red wine if the colour shown by
the slice differs from that of the wine. Indigo and
logwood, for example, are thus readily detected.

A foreign eolouring matter having been
proved to be présent by means of the cubes of
jelly, a larger quantity of wine is submitted to
dialysis in a parchment paper dialyser. When
a sufficient amount of eolouring matter has dia-
lysed, the liquid may be examined, either directly
or after careful concentration, and the spectrum
may now be observed without being complicated
or obscured by the eolouring matter of the grape.
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Colouring matters which penetrate but slowly
inlo thejelly:—

Colouring matter of pure wine.
„ „ alkanet root.

Colouring matters wliich rapidly penetrate
thejelly :—

Althea ofhcinalis
Altliea rosea (holly-

hock).
Beetroot
Bilberry
Brazil wood
Carnations (Dianthus

caryophyllus)

Cherry, red, sour
Cherry, black
Clematis, purple
Cochineal
Cranberry
Currant, red
Carrant, black
Elderberry

Indigo Bed poppy
Litmus Bhatany root
Logwood Bosaniline
Malvea sylvestris Saffron
Baspberries S.trawberry
Bed cabbage

In most cases if 10 p.c. of the colour is obtained
by fictitious means, the wine will yield distinct
results with these cubes (A. Dupré, C. J. 37,
572-575).

Eosaniline hydrochloride may be detected in
wine by warming the liquid, and sbaking with a
piece of stearin, which becomes dyed. With
natural wine it becomes discoloured only. When
warmed with amylic alcohol, the stearin parts
B C

Alizarine in alcohol

The same, with BH3 ......

Aqueous solution of the same with NH, .

Alizarine with alcoholic potash

Anthraquinone sulphonic acid with alcoholic potash 5

The same with aqueous solution of potash . . 6

Purpurine in alcohol, dilute and strong (dotted ) n
curve) 1

The same, with NH3 8

The same, with ICO H 9

Purpurine, aqueous solution 10

Thesame, withalum solution, strong (dotted curre) 11

Purpurinamide, neutral 12

The same, with BaH303 13

Alizarinamide, neutral 14

The same, with 1CH,

with its colour, which may then be recognised
by the spectroseope. Sodium rosaniline-sul-
phonate dyes the stearin a bluish violet. In
neutral solutions this reaction is not very sensi-
tive (C. H. Wolff, C. C. [3] vol. 13, 670).

The détection of fuchsine (rosaniline hydro¬
chloride) in syrup of raspberries cannot be made'
satisfactorily by dialysis. A few drops of nitrie
acid should be added to the syrup previous to
shaking it with amylic alcohol to dissolve the
fuchsine. Natural raspberry juice yields a colour
to amylic alcohol, with an absorption spectrum
resembling that of the dye (H. W. Vogel,
B. 10, 1428-1432, 1877).

(5) The détection of alum in wine and fruit
juices. Alum and alumina are used in the

' fining ' of wine, but the presence of organic
substances prevents the alumina being detected
in the ordinary manner except with great diffi-
culty. Lime must first be removed by treatment
with ammonium carhonate, and a slight subsé¬
quent addition of ammonium oxalate. It is not
advisable to precipitate the lime with ammonium
oxalate alone, because the precipitate is too long
in settling. Filtration is to be avoided, because
traces of magnesia are apt to remain upon the
filter. The excess of ammonia and ammonium
carbonate are removed by acetic acid. It is best
to add a very slight excess, and remove this with
dilute ammonia.

In examining fruit juices, first of ail remove
the colouring matter by destroying it with a
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little perfectly-pure sodium hypochlorite and hy¬
drochloric acid. To detect yery small quantities
of magnesia and alumina proceed as follows:—
To 2 c.c. cautiously add ammonia, neutralise with
acetic acid, so dilute that 1 drop neutralises 2
drops of the ammonia ; add 1 drop of dilute
solution of ammonia in excess (1 to 4 of water
by volume). Then add 3 to 4 drops of aleolrolic
solution of perfectly-pure purpurine for each c.o.
of solution to be tested. It may be purified by
sublimation or by solution in ether. Ckarac-
teristic absorption bands will tlien instantly
appear (see fig. 4). Cautiously acidify with acetic
acid, and the bands will instantly disappear if

Cochineal in water 1

The same, in alcoliol, strong solution (dotted 1 n

curve) J

Rosaniline liydrochloride, dilute solution. 3

Corallin in alcoliol 4

The same in water 5

B030llc acid 6

Eosin in alcoliol, a strong, b weak ... 7

The same. a in amylic alcoliol .... 8

The same, b acid solution 9

Safranine, strong (dotted curve) . . .10

Naphthaline red, strong (dotted curve) . . 11

only magnesia is présent. If alumina alone be
présent, the bands are unaltered. If botli mag¬
nesia and alumina are présent, the addition of
aoetic acid will only weaken the bands. In
présence of much ammonium chloride it is
recommended that a few more drops of purpur¬
ine solution be added in order to obtain a

marked différence between thé reactions due to

magnesia and to alumina. Under such condi¬
tions ^tli of a milligram can be recognised.

Some wines contain iron, which métal inter¬
fères with the reaction ; add a little tàrtaric
acid, excess of ammonia, precipitate the iron
with ammonium sulphide, and âlter. Acidify

Fluoresceïne, strong (dotted curve) . . 12

Turmerie solution, dilute and strong (dotted I .,

ourves) [

The same, alkaline 14

Dragon's blood

the filtrate with the least possible quantity of
hydrochloric acid, boil, and filter to remove sul-
phur. To this solution the test may be added
as directed (H. W. Yogel, l.c.).

(6) The détection of blighted wheat in flour.
Ordinary methods for deteeting hlighted corn in
flour lack certainty, and fail to detect a small
percentage. When flour made from blighted
corn is extracted with alcohol, the fat and resin
are removed, togetherwith a brownish colouring
matter. When a few drops of dilute hydrochloric
or sulphuric acid are added to the violet-grey
residue, the colour changes to a fine red. This
red substance is easily soluble in cold alcohol,
ether, amylic alcohol, benzene, and ebloroform,
and the cliaracter of its spectrum serves to
identify it. Strong solutions, or thick layers of

dilute solution, transmit the red rays only ; on
graduai dilution there appear, first the yellow,
then the green, and finally the whole spectrum,
exhibiting two bands of absorption, which re¬
main visible even after extreme dilution, and
which are highly characteristic. One lies near
E, but the broader and stronger is situated
between F and G. These bands appear with less
intensity in the brown extract of iiour. Though
the red substance is soluble in water and weak
spirit, it is removed therefrom by shaking with
ether, amyl alcohol, ehloroform, and benzene.
Ail these solvents display the bands, but ether
shows them most distinctly.

The process.—Boil 20 grms. of flour with
alcohol for five minutes, the liquid being eon-
stantly stirred, and alcohol being replaced as
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loss occurs by evaporation. Allow tosettle, and ! dilute sulphuric acid, and stir briskly ; allow the
pour off the extract. Repeat until the alcohol I liquid to stand, and decant through a filter.
ceases to be coloured. Add 20 drops of cold J Examine by the spectroscope in thick or thin

Iodine green

Methyl rosaniline picrate—a weak solution, 6 strong .

Chlorophyll in alcohol, a fresh solution, very strong (dotted
curve)

The same, an old solution

Chlorophyll in alcoliol + trace of HC1, action commencing 5

The same, action complété .......

The same,+HC1 in excess .......

The same, +KOH, strong solution (dotted curve)

Indigotine dilute, strong (dotted curve) ....

Aniline blue in alcohol (dotted curve), in water (plain i
curve) j

Methyl violet 11

Syrup of violets 12

The same, acid (plain curve), alkaline (dotted curve). . 13

Red wine +NHa, pure (dotted curve) 14

Bilberry juice with NH3 15

Tincture of mallow with NIL 16

Bilberry juice (dotted curve). The same, with tartaric acid 17

Elderberry juice (dotted curve). The same, with tartaric ) 1P
acid ;Afc

Privet berries (dotted curve). The same, with tartaric acid 19

Privet berries with NEE., .

Raspberry juice

The same, with NIL

layers, according to depth of colour. About
10 c.c. are mixed with about 20 c.c. of water, and
the turbid liquid is shaken with about 2 c.c. of
amylic alcohol ; other three portions are similarly

treated with chloroform, benzene, and ether
respectively. If ail four solvents exhibit the
absorption spectrum, the bands being slightly
displaced owing to the différent refraction
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équivalents of the solvents, the presenee o£
blighted wheat is proved.

Measurement of the bands. With a large
instrument the number o£ bands is ascertained
to be three lying between E and G. The follow-
ing are the mean rays absorbed :—

Band I. II. III.
5364 4975 4656.

These are similar to Bands IV., V., and VI.
of an ethereal solution of chlorophyll (J. Petre,
Z. 1879, 211-220 ; C. J. 36, 977-979).

(7) The discrimination of anthracenes. An
examination of anthracene by the spectroscope
bas proved a valuable preliminary test and ad-
junct to known methods of examining crude or
commercial anthracenes. Ordinary yellow chrys-
ene which accompanies hydrocarbons of high
melting-point, and occurs in commercial anthra¬
cene, is an indication of the presenee of matters
wbich are objectionable, and being prejudicial
in the processes to which anthracene is sub-
mitted in the préparation of alizarine, it is
désirable tbat their presenee be determined.
Cbrysene exhibits superb absorption bands,
broad and deep, two between the E and G lines,
and one a little more refrangible than G. The
substance is not chrysene itself but an impurity,

aphenylen-naphthalenimideof abeautiful green
C H 1

colour CJL/ NH described by Graebe. Its
fusing-point is as high as 330°C.

A few grains of the sample of anthracene to
be tested are placed in a test-tube, a little benz-
ene is added, and warmed so as to dissolve the
contained anthracene. Finally, it is ruade up
to 6 c.c. with more benzene, and passed through
a paper filter to remove water. A pocket
spectroscope is then applied to the tube, and
the absorption bands are seen as dark lines, or
as very narrow bands, the depth or intensity of
which indicates the quantity of material pré¬
sent (B. Nickels, C. N. 41, 94, 1880).

(8) Beactions of some alkaloids and gluco-
sides. Digitaline boiled with strong hydro-
chloric acid acquires a greenish yellow colour,
and exhibits a large black band at the commence¬
ment of the blue rays near P. The remainder
of the blue is visible, whilst the violet rays are
absorbed from lialf way between P and G.

When the reaction is made with strong
sulphurie acid, a reddish-brown solution is
obtained, which shows two very distinct black
bands. One occurs in the green at E, b ; the
other occurs near P; it is less strong but
broader.

B c D

Extract of sandal-wood, a coneentrated,
b diluted, c largely diluted .

Extract of alkanet, coneentrated

The same, diluted

The same, made alkaline

_ÏJ o[c

/\s*

Fig. 7.

If to the solution in sulphurie acid some
drops of sulphurie acid are added, containing
3 or 4 drops of strong nitric acid in 2,000 grms.
of oil of vitriol, the colour becomes crimson.
There is then formed a third band near D,
whilst the two others diminish in intensity.
Tbe three bands appear with great strength
if to a sulphurie acid solution of digitaline,
some sulphurie acid containing ^ p.c. of ferrie
chloride is added. These absorption spectra
are visible several days after their produc¬
tion.

Delphinene, treated with strong sulphurie
acid, gives a clear brown solution, exhibiting a
band in the citron rays near D, and one-third
towards E. The band becomes stronger by
addition of a drop of bromine water, or better of
sulphurie acid containing nitric acid, or of the
solution of ferrie chloride in sulphurie acid.
Tbe digitaline and delphinene spectra are quite
différent. The latter does not give a green
reaction with hydrochloric acid.

Belladonnine. This alkaloid occurs in atro¬
pine imperfectly purified; it dissolves in sul¬
phurie acid, to which it gives a yellowish colour.
When heated the mixture takes a reddish
colour. This colouration is characterised by a
black band in the bluish-green near P, ail other
rays being transmitted. The thickness of liquid

used for these tests is 5 mm. (C. Hock, C. B.
93, 849, 1881).

(9) On tbe spectrnm of blood and tbe détec¬
tion of blood-stains. The colour of blood is due
to liœmoglobin, a eompound of an albuminoid
substance with hœmatin, a colouring matter
containing iron. The colour of arterial blood is
scarlet, while venous blood is dark-red, or

purple, and in thin layers greenish. The former
contains oxyhœmoglobin, the latter hœmoglo-
bin free from oxygen. Tbe absorption spec-
trum is characterised by two extraordinarily
persistent bands, visible in a solution containing
jp^th of blood (fig. 8). When defibrinated blood
is exposed to the air its colour changes to
brown, and it acquires an acid reaction. The
substance contained in it is called methœmoglo-
bin ; it is seen on the edges of healing wounds,
and in old blood-stains. It may be produced by
the action of weak acids on hœmoglobin, by
the action of oxidising agents, such as ozone,
and permanganates, and even by the hydrogen
evolved from palladium charged with the gas.

Détection of blood-stains. If the stains are
soluble in water, they are carefully washed out
and the spectrum of the solution noted. The
solution is then treated with ammonium sul-

phide or other reducing agent, and the change
in the spectrum is again noted. If the stains

IRIS - LILLIAD - Université Lille 1



542 SPECTRUM ANALYSIS.

are insoluble in water, they must be digested
with a warm solution of sodium carbonate, 1 to
10 of water ; the colouring matter dissolves and
the spectrum is noted. Some ammonium sul-
phide is added, and two extraordinarily powerful
bands of reduced hœmatine are developed. On
shaking with air the liquid ceases to show them,
but a further addition of the reagent causes
them to return. This reaction affords most
important evidence for the récognition of blood
in medico-legal cases (fig. 8). As an example
of its delicacy, it may be mentioned that a
small spot of blood, between 1 and 2 mm.
in diameter, which had dried up on a hand-
kerchief for three days, was digested in 1
c.c. of dilute sodium carbonate solution. It
gave a very slight greenish tinge, which. in a
tube 12 mm. in diameter showed. no spectrum,
but after warming with 2 drops of ammonium
suiphide the marked band in the green between
D and E appeared distinctly, and was visible
both by daylight and gaslight when viewed with
a pocket specfroscope 45 mm. in length and 10
mm. in diameter.

(Absorption spectra of haemoglobin and
derivatives, with both a prismatic scale and
scale of wave-lengths, are figured in Wurtz's

BC

Blood diluted with 40 vols, of water . 1

The same, reduced . ... 2

The same, with Î4H..SH . . .3

Blood, with CO 4

Cochiueal 5

Dictionnaire-Supplément, art. ' Hœmoglobine,'
p. 901.)

Reiehardt asserts that fabrics dyed with
indigo are capable of yielding a spectrum similar
to that of blood if treated with warm potask
solution, but H. W. Vogel and Gange have showa
that the absorption band of indigo differs from
that of blood in position, behaviour, and
character, for it becomes decidedly weaker and
disappears completely when cold. At the same
time, the eolour of the liquid becomes green.
Ammonium suiphide causes no change in
this spectrum, provided the heating with con-
centrated alkali has been suffieiently prolongée!.

2 c.c. of blood diluted to 20 c.ci heated with
a few drops of caustic soda solution (sp.gr. 1-4)
yields a green solution, which changes on cool-
ing to reddish yellow. Indigo behaves in an
exactly opposite fashion (fig. 9).

If the cold alkaline solution of blood be
shaken with air, the band disappears, but it
returns with the greatest intensity on treatment
with ammonium suiphide ; at the same time
another band at E, b appears (Curve 4, fig. 9),
and then the hœmatin spectrum discovered by
Stokes appears. This last change is décisive
(H. W. Vogel, ' Praktische Spectralanalyse

Fig. 8.

Photographed blood-spectra. Soret has ob-
served three bands in the violet and ultra-violet
région. With a dilution of 1 to 40 of water and
a thickness of 3 to 4 mm. of liquid, elec-
tric sparks being the source of illumination, the
first band falls upon Cadmium 12, wave-length
3260—this is probably due to haemoglobin—the
second occurs at Cadmium 17, wave-length 2747,
and is caused by serine of the blood sérum.
With a dilution of 1 in 1000, with a thickness
of 10 mm., a band is seen in the violet nearly
filling the interval between G and H. Its centre
falls on h. Diluted 1 to 600 it entirely fills
the interval from G to H, and with 1 to 400
the band cornes to the one side below G, and on
the other to beyond H, ail the ultra-violet being
absorbed (L. Soret, 'Archives des Sciences
Naturelles,' 10,195).

It is obvious that by successive dilutions
and measurements of the bands both at this end
and at the less refrangible région of the spec¬
trum, blood may be determined quantitatively.

(10) Détection of carbon-monoxide poisoning.
Carbon-monoxide is readily absorbed by the
blood. It causes the colour to become darker,
and the position of the bands is nearer to the
green. The séparation of the bands is less dis¬
tinct. The spectrum of carbon-monoxide-hamo-

globin remains absolutely unchanged when
treated with ammonium suiphide.

Carbon-monoxide-hœmoglobin is charge!
with oxyhœmoglobin when poured several
times from one glass to another, or if a little
oxygen is passed through it ; the spectrum will
then undergo réduction by the usual pro-
cess.

Wave-length measurements of absorption bands
of blood-colouring matters calculated from the
drawings of Preyer and of Hoppe-Seyler, by
Dr. C. A. MacMunn.

Oxyhœmoglobin, or Cruorin.
Wave-lengtlis, millionths

of a millimétré

Hoppe-Seyler . 584-570, 547-527
Preyer, solution containing less than 0*01

per cent, of
Hillionths of a millimétré,

one band

Oxyhœmoglobin . . . 583-573
Solutions containing Millionths of millimétré,

two bands

About 0-04 per cent. . 583-573, 547-532
0-09 „ . 583-572, 551-531
0-18 „ . 586-572, 551-529
0-37 „ .. 589-568, 554-524

IRIS - LILLIAD - Université Lille 1



Between
0'6 and 0'7 per cent.

SPEOTEUM ANALY3IS.

590-564, 556-521

513

One band
About 0-8 „ . 594-518

5'4
„ . At this strength

absorption is so energetic that tlie only bright
part of the spectrum is from 660 to 663.

Oxyhœmoglobin.
Millionths of a millimétré

MaoMunn . . 586-568 5, 555-526

Indigo solution, hot.

Blood with KOH, hot

The same, cold.

The same, with NH.SH .

Blood with 40 vols, of water

Sœmoglobin, frce from oxygen.
Millionths of a

millimétré

Hoppe-Seyler . . . 598-537
Preyer 594-538
MacMunn .... 592-534

Hœmatin, reduced hœmatin ; hœmochromogen,
in alkaline solution.

Millionths of a millimétré

Hoppe-Seyler . 565-548,533-513
Preyer . . . 566-549,532-518

Pis. 9.

Carbon monoxide hœmoglobin.
Millionths of a millimétré

Preyer , . . 583-564, 547-529
(A stronger solution) 583-561, 547-521

(Proceedings, Birmingham Philosophical
Society, iii. 351, 1883.)

Quantitative analysis by spectiîum-photometby.

Vierordt has described an instrument and
method of working which enable3 us to déter¬
mine the quantity of a substance in solution by
determining the absorptive power which it exerts
on definite rays of the spectrum. The upper
and lower halves of the slit of the spectroscope
can be enlarged or contracted independently of
eaob other by two micrometer screws, which
serve to measure the width of the apertures.
There are thus two spectra superposed, the
brightness of which can be modified at will.
The brightness of the spectrum is proportional
to the width of the slit—that is to say, to the
quantity of light that passes through. If light
traversing one-half of the slit be made to pass
through an absorbing liquid, and the screws be
so adjusted that both spectra are of the same
brillianey, then the relation of the width of the
two halves of the slit will be inversely as the
brightness of the two spectra. Unfortunately
measurements made in this simple manner are
not sufficiently exact for ail photometrie pur-
poses, because when the slit is widened beyond
a certain point the spectra cease to be pure, and
further, by reason of diffraction, the whole of the
rays which pass the slit are not completely
utilised in forming the spectra. It is possible, how-
ever, to reduee the quantity of light which passes
the slit without altering the width of the slit,
first by introdueing in the path of the rays one or
more neutral-tinted glasses (Vierordt's method),
or secondly, two spectra may be superposed, and
the brightness of one may be decreased by the

measured rotation of a Nicol's prism. This is
the principle of the photometers of Bouguer,
Foucault, andof Becquerel. Thirdly, two spectra
are oppositely polarised, so as to be traversed by
interférence bands. These are disposed inversely,
but they ijisappear if two spectra of the same
brightness are superposed. This is the principle
of instruments designed by Babinet, Desains,
Wilde, and others.

Glan's spectro-photometer is an instrument
of the former description which has been modi¬
fied and improved by Crova. The spectra to be
compared are separated by a band of darlmess
of variable width, which is produced by a tri-
angular or wedge-shaped plate of brass which
slides over the slit, the base of the triangle being
parallel to the slit and its motion in a direction
at right angles thereto. A double-image prism
plaeed before the prism of the spectroscope
doubles each of the two spectra into two others
polarised at right angles. On shifting the tri-
angular plate of brass which divides the slit into
two, it is easy for the lower spectrum of the
upper half to be applied exactly to the upper
spectrum of the lower half, and these two are
polarised at right angles. The other spectra may
be hidden by a screen. If now a Nicol's prism
is interposed between the slit and the collimator
lens at a certain angle it will render the spec¬
trum of the extraordinary ray equal in bright¬
ness to that of the ordinary ray.

Calling the angle of the principal sections of
the Nicol and of the double-image prism a, and
the intensity of the rays corresponding to the
two spectra i and I, we obtain from the law of
Malus icos2a = I sin-œ, or i = ^ s'nK=Itang-g.

cos-a

The intensity of one ray being constant,
when we vary the other the new angle et' corre¬
sponds to another intensity i' = I tangV ; the
relative intensifies i and i' are ealculated from
the squares of the tangents to the arcs et and a'.
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The intensities of speetra may be compared
with an approximation of from 1 to 2 per cent.

Spectro-photometers of the second kind are
much more exact. In Trannin's instrument the
slit is divided, as in other cases, into two, and
either within or behind the collimator there are

placed a Eoucault's prism, a plate of quartz eut
parallel to the optie axis, and a Wollaston's
double-image prism. After passing through
this train the prism of the speetroscope produees
speetra showing interférence bands running
parallel to Fraunhofer's lines ail through the
spectrum. The double-image prism, however, not
only assists in the production of the bands, but
doubles the speetra into two others, which are
oppositely polarised, and consequently the bands
occupy alternate positions in the two speetra of
the extraordinary and ordinary rays. The angle
of the double-image prism can be eut to separate
the images of the slit to such a degree that
the lower part of the spectrum of the ordinary or
less deviated ray, may be superposed on the spec¬
trum of the extraordinary or most deviated
ray.

In the part common to the two speetra,
where the light is of equal intensity, the inter¬
férence bands disappear. As the two speetra
under comparison are one from the upper, the
other from the lower half of the slit, they may
come either from two sources or from the same

source, and the rays from one of them may be
made to traverse a solution. A variation in the
distance of sources of light from the slit, if they
are unequal, will render them equal. But the
greatest précision is attained by introdueing a
Nicol's prism and rotating this. Angular
measurement will, as in the previously men-
tioned case, give a mean value of the intensity
of the two speetra. This method is ten times
more accurate than that of Glan, but is ap¬
plicable only to somewhat extended régions of
the spectrum.

Gouy preferably produces the interférence
bands perpendicular to Fraunhofer's lines, and
for this purpose he makes use of a Babinet's
compensator, which receives the two lights to
be compared and projects horizontal fringes
upon the slit of the ordinary speetroscope. If
the two lights are equal the two sériés of bands
which are produeed disappear in the spectrum.
If one of the sériés is carried into a given
région of the spectrum this région will be streaked
horizontally with very visible fringes, even if the
extent of the rays is very limited. The fringes
may be made to disappear by the use of the
compensator, and this, as in the preceding case,
admits of a measure of intensity of the rays
(Journal de Physique D'Almeida, vol. 5, p. 297 ;
C. E. 83, 269).

Objections to other methods than that of
Vierordt may be raised on the ground that there
is a great loss of light, and that the apparatus
is not so simple.

Quantitative analysis of coloured solutions.
This method gives very good results when

the solutions are sufficiently strong in colour or
give sufficiently strong absorption bands.

There are three ways of obtaining results :
lst, by direct comparison ; 2nd, by determin-

ingthe co-efficient of extinction ; 3rd, in certain
spécial cases, by the appearance or disappearanee
of certain bands.

lst. Supposing we have a solution of known
strength, and it is required to ascertain the
strength of a solution containing the same sub¬
stance, we may use an instrument such as that
of Glan or of Gouy, or only a simple direct-
vision speetroscope with a total-reflection com.
parison prism fitted to the slit. The absorption
speetra of the same thickness of the two solutions
is compared. If they are not of equal brightness
one may either dilute the stronger solution or
increase the thickness of the weaker one. Thick-
nesses which produce the same degree of absorp¬
tion are inversely proportional to the degree of
concentration of the solutions. Frorn this a

simple calculation gives a mean.
Example.—A standard solution of known

strength examined through a thickness of

3 centimètres produces the same absorption as a

solution of unknown strength in a thickness

of 7 centimètres ;
a

— x hence x = ~ a.
7 3 7

The standard solution
100

would have to

be diluted with 6 of water in order to yield the
same amount of absorption as —.

100

Both solutions have now the same strength,
that is to say, they contain : —; whenceJ J

100 + 6

100 + 6 100
—

•—- and x
a x 100

6+100'
2nd. In cases where a standard solution is not

available for comparison, spectro-photometry is
most advantageous. We détermine once for ail
the absorptive power for a given région of the
speebrum which characterises each solution.
The number which represents this is called by
Bunsen its ' co-efficient of extinction.'

A light with intensity = 1 is transmitted by
an absorbent médium; after having traverse!
a thickness = 1, it will be reduced to 1 ; after

n

passing through a second thiokness the intensity
will be

(1) . . ï xi = A;
n n ri'

after the action of a thickness x, it will be re¬

duced to —, from which the intensity I of the
n?

remaining light will be I = and ^ = nx ; or by
logarithms : — log I = x log n.

(2) . . logra= —
x

Let us call the co-efficient of extinction a ; the
reeiprocal of the thickness after the intensity of
the light has been reduced thereby to a tenth,

i.e. for a thickness i the intensity I = ^ ; conse-
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quently we obtain A = _JL_ or 10 = ; or by10 '
logarithms

log 10-1-Î2S2
oragam Iog»i = a.

But as we bave seen, according to équation (2),
-log I = a: log n, wbenoe—log I = ax.

Let us now suppose that what bas passed
tbrougb thiokness 1 is tbat which makes x = 1 ;
tbe intensity wbich is 1 at incidence will be re-
duced to I, I being given by the formula —log I
= a.

Wbenoe \ve dérivé a second définition of the
co-efficient of extinction ; it is the logarithm of
négative sign of the intensity after passing
through a thickness 1, the intensity of the inci¬
dent light being equallv 1. From the first de-
finition it follows that the co-efficient of extinc¬
tion is inversely proportional to the thickness
which produces a certain absorption, or propor¬
tional to the concentration of the solution. But
it follows from the second définition that we

can détermine it in absolute values by a simple
photometric measurement made with the spec-
trum photometer, and hence its importance.

Let us suppose that a light of intensity 1 is
reduced to (S by the action of a liquid contained
in a cell with a thickness of 1 centimètre ; then
a= - (log 3-log 5) =log 5—log 3.

We know that for solutions of the same sub¬
stance a the co-efficient of extinction varies with
the concentration, where, if c, c', c", &c. express
the quantity of colouring matter contained in
the same volume of the solution, we get
a : u' = c : c' or - = - = constant A.

a a'
Vierordt calls this the absorption ratio.
The constant A is easily deduced when a

solution of known strength is prepared, and the
co-efficient is optically determined. Then we

obtain the value - = A.
a

Example.—For instance, chrome alum, 1 c.c.
of a solution contains 0-07176 grms. of sait, a
thickness of 1 c.m. reduces the light from
intensity 1 to 0-05.

log 0-05 = 0-69897-2.
This as a négative becomes

a = 2-0-69897 = 1-30103
From which the constant

A = £ = °'07176 =0-05515.
a 1-30103

If A be determined once for ail it is a simple
matter, from the observed co-efficient of extinc¬
tion of anotber solution, and from the équation
- = A, to ascertain the strength c of the solution.
a

The quantity of sait in 1 c.c. = A x the co¬
efficient of extinction a.

Vierordt has determined tbe co-effieients of
extinction for a number of substances, and
applied his method to the purposes of technical
chemical analysis and physiological chemistry,
as, for instance, determining the decolourising
power of animal charcoal, and estimating the
quantity of blood in fluids from the hsemoglobin
présent. Elaborate tables are published in his
work, ' Die quantitative Spectralanalyse in ihrer

Von. III.-T

Anwendung auf Physiologie, Physik, Chemie und
Technologie,' Tûbingen, 1876.

Schulz's rectifier or corrector is a piece of
flint glass with parallel plane ends and 1 cm. in
length, which is placed in the cell with parallel
sides of glass which are 1 cm. apart. If water
alone is placed in the cell and the level of the
liquid is even with the division of the upper and
lower half of the slit, the spectrum obtained
through the water is brighter than that which
merely passes through the air. The normal
brightness is obtained by looking through the
glass corrector instead of through water, and if a
coloured liquid is to be examined this is then
poured into the cell. If instead of a coloured
solution water be used, then both halves of the
slit admit spectra of equal brightness (H. W.
Vogel, 'Praktische Spectralanalyse').

(11) The estimation of haemoglobin in blood.
The instrument recommended is a modification
of those used byTrannin and Violle for spectrum
photometry. The çell containing the solution is
divided into two in a direction at right angles to
the slit. Between this and the slit is placed a
double image prism and a polariscope. The
double image prism (Wollaston) gives two images
of each half of the cell, the ordinary image of the
one being exactly applied to the extraordinary
image of the other, so that the two spectra can
be compared with précision. For this purpose
the lime-light is recommended. The substance
to be examined is placed in one cell and the
standard of comparison in the other. By turning
the Nicol, the two spectra are brought to the
same brightness and the absorption of light is
reckoned from the angle of rotation. The angle
for a standard solution of haemoglobin is once for
ail determined, ail subséquent estimations being
made against water.

Haemoglobin treated with carbon monoxide
shows no variation in absorptive power.

Déterminations of the haemoglobin in the
blood of persons in various stages of disease are
of great pathological value (E. Branley, A. Ch.
[5] 27, 238-273 ; C. J. 44, 394,1883).

(12) The valuation of indigo samples. Wolfî
accomplishes this by Vierordt's method, using
the universal spectral apparatus made by Kriiss
of Hamburg, which has a slit with a symmetrical
movement to both jaws in opening or shutting.
A sample of indigotin, crystallised and in a state
of perfect purity, was weighed out and digested
in pure sulphuric acid for 24 hours, by which
time it had dissolved.

A solution was so diluted that the known
quantity of indigotin was 1 in 2000, or 1 c.c.
contained 0-0005 grs. The région of absorption
observed lay between C and D. Calling the
degree of dilution a, the intensity of the light b,
and the co-efficient ot extinction c, observations
were made with the solution of known strength.

Subsequently samples of various kinds of
indigo were compared with the standard solution
simply by determining a, b, and c.

(13) Détermination of the decolourising power
of bone charcoal. The decolourising power of
commercial bone charcoal is very variable ; its
excellence détermines its value. In order to
estimate it, a given quantity of dilute syrup is
shaken with a certain quantity of the charcoal,
and an observation is made to ascertain how far
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the liquid is brightened. Syrups absorb the
blue and violet rays if coloured, and a great
différence is noticeable in the brightness of the
spectrum in this région, if but a slight différence
characterises their colour. It is of no consé¬

quence how much substance communicates the
colour, because the proportional quantities of
colouring matter are strictly compared. Vierordt
observes the blue from Fto a point towards G,
and excludes from the field of vision other
portions of the spectrum.

Examination of feebly-coloured syrup.—H
the chosen région of the spectrum between F
and G appears fairly bright the syrup need not
be diluted. The upper half of the slit is then
closed until the spectrum is of the same bright¬
ness as that from the light of a paraffin lamp
after passing through the absorbing liquid. The
micrometer screw head is then observed, and
the reading should show that the remaining
intensity of the rays is 0'25. The screw head
being divided into 100 parts, the third place of
décimais is easilyread by judgment. The mean
of 6 to 10 rapid readings serves to fix the
number with sufficient accuracy to 3 décimal
places.

InYierordt's table of co-efficients of extinction
(négative logarithms of bright intensity) the
number 0-60206 stands opposite 0-250. This
number yields the relative quantity of colouring
matter in the syrup, which is proportional to
the co-efficient of extinction.

If the absolute amount of colouring matter
is unknown, Vierordt describes this quantity, if
the light is diminished by one-tenth of its original
brightness, by 1. The table gives only those read¬
ings which Hé between 80 and 10 divisions of
the micrometer, or -8 and -1, and their values in
colouring matter, which is sufficient for ail prae-
tical purposes.

It is not advisable to diminish the slit more

than one-sixth of its width—that is, to less than
15 divisions. It is better, in case the colour is
strong, to double the width of the lower sht, and
to divide the readings of the upper one by 2.
Darkly-coloured syrup is diluted with 3 volumes
of distilled water. If the excess of light is found
to be 0-273, the proportional quantity of colour
{or co-efficient of extinction in Vierordt's table),
0-56384 is multiphed by 4, which gives the true
quantity of colour in the undiluted syrup as
2-2555. The colour is a guide to the necessary
dilution.

With very feebly-tinted liquids a greater
thickness, say 2, 4, or even 6 c.m. of liquid, are
observed. If, for example, 4 c.m. are examined,
and the comparison of both spectra indicates an
excess of light equal to 0-56, then in the table
the number found is 0-25182, and this must be
divided by 4 or 9 25128 _ Q.QQ29 jn order to

4
ascertain the quantity of colour.

Détermination of the decolourising power of
cliarcoal.—The liquid must be clear, and of such
a colour that 1 cm. admits of half the green
rays being recognised. Dilute with about 3
volumes of water, and préparé a sufficiently
large quantity to serve for a considérable number
of tests, and call this the 'test solution.' A mea-
sured volume of the test solution is diluted to

one-eighth or one-sixteenth, and the quantity of

colour is determined therein ; this, if multiplied,
the dilution 8 or 16, gives the strength of colour
of the test solution.

Thus three experiments were made with a
solution, and the following numbers were ob-
tained.

Dilution
of

solution

Intensity of
spectrum

or absorption
co-efficient

Quantity of
colour by
reference
to table

Calculated colour in
the test solution

î 0*205 0-688 0-688 x 8 = 5-404
î

2
32

0-46 0-337 0-337 x 16 = 5-392
0-68 0-167 0-167 x 32 = 5-344

Mean of these déterminations, 5-380.

Testing the cliarcoal.—10 c.c. of the test
solution are shaken with 3 grms. of the cliarcoal
for one minute, and filtered through pure filter
paper. The quantity of colour is then deter¬
mined, and the différence between this and that
in the test solution which was determined is
a measure of the decolourising power of the
charcoal.

Example.—A test solution, containing 5-38
of estimated colour, was shaken with 3 grs. of
finely-powdered, purified bone charcoal and fil¬
tered. The absorption spectrum of the filtrate
gave an intensity of 0-39, which in the table
indicates a quantity of colour equal to 0-4089.
The colour absorbed by the charcoal is

5-380-0-4089 = 4-891,
4-891that is to say, the proportion is . . =0-909,
5'o80

or in round numbers 90 p.c. of the colouring
matter. After treatment with charcoal it will
reach beyond G and towards H.

Vierordt has observed that the colour remain¬
ing in the test solution is inversely proportional
to the charcoal used, but the mode of treatment
and length of contact with the charcoal varies
the effect, even where the same quantity of
material has been employed (H. W. Vogel,
'Praktische Spectralanalyse ').

(14) The détermination of nitric acid in water
analysis, &c. When a solution of diphenylamine
in sulphuric acid is brought into contact with
nitric acid or a nitrate, a blue colour results, and,
other conditions being the same, the intensity of
the colour dépends upon the amount of nitric
acid présent. The absorption spectrum is also
constant for a given depth of colour. The co¬
efficient of extinction of such a solution having
been once determined, the amount of nitric acid
may be calculated from a single observation
(Settegast, A. Ch. [7] 7, 243-271). By a similar
process phosphoric acid is determined.

(15) Application of the spectro-polariscope
to sugar analysis. Many persons fail to become
expert operators with the saccharimeter becanse
they are incapable of distinguishing changes
from the transition tint so nicely as a close
reading of the scale requires. Beadings are
made with great rapidity and fair accuracy in
the following manner.

Adjust a Seheibler saccharimeter to zéro,
and insert before the eye-piece a pocket spectro-
scope, with the slit horizontal, or at right angles
to the line bisecting the chromatic field. Look-
ing in then through the spectroscope, and
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focussing the eye-piece of the saceharimeter and
of the spectroscope, two vertically-disposed
parallel spectra will be seen separated by a
well-defined black line, which is the image of
the line mentioned. The spectra will resemble
ordinary white-light spectra, exeept that a
nanw, intense absorption band will appear
across both of them near D. The least turn of
the screw will destroy the coïncidence of the
two absorption bands, one moving upward and
the other downward, and a sufficient révolution
of the reading screw will cause one to pass out
to the infra-red and the other to the ultra-violet,
the spectra otberwise being practically un-
changed. To détermine the percentage of sugar
in a sample by this method, bring the two
absorption bands to coincidence and insert the
tube of sugar solution, which will tbrow the
bands out of coincidence precisely as if the
screw had been considerably turned. Bring
the bands to coincide again by means of the
reading screw, and. the scale will give the per¬
centage required.

Wben the sugar solution is examined mul¬
tiple spectra may make their appearance, but
no confusion need arise if only the two middle
spectra be observed (W. G. Levison, Am. S.
24, 469, 1882).

Spectrum Photography.

Eye observations of spectra are applicable
chiefly to those rays which are clearly visible,
and tberefore it has been found advantageous
to employ photography for the purpose of ob-
serving the very extensive ultra-violet région.
The character of a photographed spectrum
dépends : first, on the optical train, whetber of
quartz or of glass ; second, on the nature of the
sensitive film on the photographie plate ; third,
on the period of exposure ; and, fourth, the rate
of vibration of the emitted rays. Generally
speaking, a photographed spectrum is a perma¬
nent record of a ehemical reaction distributed in
time and space. It is, in fact, a sériés of as
many observations as there are lines in the
spectrum photographed. In photographing
spectra ranging from 4,000 to 2,000 tenth-
metrets, the most suitable prisms are of quartz,
sucb as were first used by M. Cornu ; they are
eut perpendicular to the axis, one being of right-
handed, the other of left-handed, rotation, and
each with an angle of 30°, and in section shaped
tbus + _/] —. They may be cemented back-
to-back with a drop of glycérine, or the one may
be fitted to the coflimator close to the lens, the
other in a similar manner in front of the téle¬
scope or caméra lens. The lenses are of similar
tbickness, and of right- and left-handed crystals.
Instead of a telescope a photographie caméra of
somewbat unusual construction is employed, the
plate carrier of which is so inclined to the direc¬
tion of the mean ray of the spectrum that it
makes an angle therewith of 19-24° (fig. 10).
By such means ail the rays, inclusive of the
wave-lengths given above, are focussed with
accuracy on one plate, and a magnifying power
of 25 diameters may be employed with advantage
iu examiniDg the photographs. The caméra
back is constructed so that the normal position
is angular, but it is also made to swing on a ver¬
tical pivot situated at its centre, the centre of

the pivot being in the same vertical plane as the
centre and front of the surface of the focussing
screen. The collimator should be fitted with a

graduated draw-tube and rack and pinion. A
connection between the back and the front half
of the caméra is made of leather, folded bellows
fashion. This admits of a certain degree of
' side-swing,' with to and fro motion for focussing.
The caméra should be mounted on an iron frame,
which falls into position on an iron table to

Fig. 10.

which the collimator is fixed. No matter what
be the length of the collimator, it should be
supported for at least one-half of its length, and
admit of being- fixed at the minimum angle of
déviation for the mean ray. An opening is
eut in the collimator tube of about one-third of
its circumference in width, and two inches in
length, which may be closed by a sliding cover.
This enables the expérimenter to judge in which
direction to move the electrodes, so that the

Fig. 11.

rays of the spark may fall exactly upon the slit
and pass along the axis of the collimator. This
is done by means of a card, which fits just inside
the opening, and has a vertical line ruled at a
point eoinciding with the centre of the tube.
When the spark is properly adjusted, a spindle-
shaped bundle of rays strikes the centre of the
card. The slit should be jL to of an inch
in width, and it is well to protect it from dust

Fig. 12.

by a plate of quartz. The source of illumination,
if absorption spectra are to be studied, should
be condensed sparks from metals affording lines
of known wave-lengths, and so numerous that
they practically serve the purpose of a continu¬
ons spectrum.

Détails of construction of the caméra will be
understood from figs. 11 and 12, which show
the instrument in plan and élévation, while fig.
13 shows the back of tbe caméra with the dark
slide in position, but with the back spliced and

n N 2
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the shutter in front slightly raised. The two
portions of the body are shown in this case to
be supported on a wooden stand instead of the
métal table.

M is a rigid shallow box, in front of which is
the lens in its fitting, n. l, which is a continua¬
tion of m, is triangular in form, and is movable
in two directions. It moves to and fro by
means of the screw k, and makes a greater or
lesser angle with the mean ray x—N by turning
on the pivot situated at x. The screws a a serve
to clamp the ' swing back ' in position. The
caméra back is constructed to carry plates capa-

Fio. 13.

ble of taking several photographs, and the dark
slide is moved up or down by the thumb screws
b b acting on a pinion, which works the rack on
the front edge of the dark slide dd (fig. 13).
o o is the movable frame for the dark slide.
The interior edge of the dark slide is shown in
shadow by a o, while h is the slit in the caméra

■ back through which the spectrum is projected.
e and f represent the door at the back, and the
sliding front of the dark slide respectively. In
the élévation is an opening, 11, fig. 12, in the

body of the caméra, and door
to the same, j, through which
is seen the slit h, by which the
spectrum passes to the sensitive
plate. In the act of focussing
a glass plate covered with some
fluorescent material is placed in
the dark slide, and the lines of
thespectrum areviewed through
11 by reflection.

Some eare is required to
secure a proper adjustment of
the instrument and obtain
good photographs. The battery
power, size of coil, and conden-
sing surface must ail be propor-
tional to the distance between
the electrodes, in order that the
rapidity of the passage of the

Fis. 14. sparks should render the light
almost continuous. The coil

should give a six-inch spark in air, and it is
better to excite it with three storage cells than
with five cells of Groves battery. The eleetro-
motive force of the cells should be 1-8 volts.
The current required to work such a coil is
from 7| to 8 ampères ; three storage cells yield
15j ampères, but with a résistance of J of an
ohm in circuit the current is conveniently re-
duced. Electric light carbons have been used
for the résistance. The smallest condenser to
be of any use has 72 square inches of tin-foil
on each side of a plate of glass and a margin of
three inches. It is fixed in a wooden frame with
binding screws attached to the wood. Spécial
methods are adopted for examining the emis-

A'NALYSIS.

sion spectra of solutions and for observing ab¬
sorption spectra. Two materials have been corn-
monly used for solutions—namely, electrodes of
gold and of graphite. Wicks of gold wire are
madeto pass just above the surfaceof the solution,
which is contained either in a porcelain crucible
or in a small (J-tube, one limb being longer than
the other (fig. 14). Graphite electrodes for the
same purposeare cutto the shape of wedges,about
| inch in length and £ in width. The wedges
are attached to platinum wires, and are fixed in
glass tubes, as shown in the figure ; the lower
wedge dips into the solution, which is oarried
to its upper edge by deep grooves or scratches.
Capillary attraction keeps the lower electrode
moist at its upper surface. Generally speaking,
there are only two lines of any other element
than earbon visible in the spectrum of good
graphite, and these are the first and third of
the quadruple group in the magnésium spec¬
trum, wave-lengths 2794-4 and 2801-1. The
second and fourth are very faintly seen, wave-
lengths 2796-9 and 27S9-G. Impure graphite is
apt to show the spectrum of iron.

In order to secure fine définition, a eondens-
ing lens in front of the slit is necessary. It
should be of quartz, of three inches diameter
and three inches focal length. The spark is
best if very brilliant and not exceeding three-
sixteenths of an inch in length. It should pass
upwards—that is to say, the lower electrode must
be the négative' pôle ; when this is the case
splashes of liquid are carried up and the noise
of the spark is louder. The best gelatino-bromide
emulsion plates are used for photographing. The
image is developed by pyrogallol or hydro-
quinone and ammonia. Hydroxylamine hydro¬
chlorate, and caustie soda with a little potassium
bromide is also a good developer. Comparative
exposures should be made with electrodes of
cadmium.

The following established facts regarding
ultra-violet spark spectra form the basis of ail the
practical applications of spectrum photography :

1. When carbon or metallic electrodes, which
émit short lines, are moistened or partially im-
mersed in water, the short lines are lengthened.

2. The impurities in a métal, or the minute
constituents of an alloy, generally appear as
spectra of short lines. When both electrodes
are of the same material, the impurities appear
at one electrode, the négative pôle only, but
when the proportion of the impurity or alloy is
increased, the long lines are seen as short lines
at both pôles, a further increase in proportion
bringing them out as long lines.

3. Of the non-metallic elements, boron, car-
bon, and silicon exhibit line spectra.

4. The spectra of carbon and silicon may be
detected in photographs taken from metallic
electrodes, such as those of very pure iron wire.

5. Insoluble compounds which are not vola-
tile do not yield spark spectra. Insoluble but
somewhat volatile compounds, such as thallium
chloride, yield a feeble spectrum of metallio
lines.

6. With the exceptions of boron and silicon,
the non-metallic constituents of a sait do not
affect the spark spectra of its solutions.

7. Solutions of metallic salts yield spectral
lines identical in number and position with the
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principal lines of the metals. Some of the short
lines become long lines and very short lines do
not appear, but whether the spectra are produeed
by inetallic electrodes or solutions their character
is identical.

8. The effect of diluting solutions of metallic
salts is, first, to weaken and attenuate the me¬
tallic lines, and then, with a more extensive
dilution, to shorten them until they finally
disappear.

9. Accidentai différences in the passage of the
spark do not cause sensible variations in spectra
obtained from the same substances, under any
ordinary circumstances.

10. Spectra of metallic electrodes and of
solutions are liable to the presence of the lines
of calcium at wave-lengths 2967-3 and 3933, also
occasionally, at 3736-5 and 3705-3. These, like
yellow sodium lines, are caused by dust in the
air.

Metallic electrodes are best shaped like those
of graphite (fig. 14) ; they should be filed smooth
at the edges. Globules of métal obtained by the
blow pipe are flattened under the hammer only ;
they are held in screw clips pointed like drawing
pens.

Absorption spectra of solutions are examined
in a sériés of cells with quartz sides, measuring
25 mm., 20 mm., 10 mm., 5 mm. 4 mm., 3 mm.,
2 mm., 1 mm. in thickness. The sides are not
cemented, but pressed by clips against the cell,
so as to be water-tight. Dipping the cells in
inelted paraffin in some cases is found sufficient
to fasten them, but of course no liquid likely to
dissolve the substance can be put into them.

The rays used to détermine the absorption
spectra of liquids are obtained by passing the
spark between electrodes, one of which contains
lead with 25 per cent, cadmium, the other tin
with a similar proportion of cadmium. There
being cadmium in the two alloys, the lines of
that métal are continuous from pôle to pôle,
while those of tin and lead stretch half across ;
they thus become easily recognised.

When the spectrum of an alloy, metallic
precipitate, or solution has been photographed,
sometimes,on aecountof the complexity of com¬
position of the alloy, precipitate, or solution, or
owing to the prépondérance of one of the con¬
stituants, it is not easy to détermine what sub¬
stances are présent and what are absent, even
when the spectra of the substances sought for
are well known. It is necessary in such cases
to proceed according to one of the following two
methods, or even to have recourse to both of
them.

(a) Method of identifying the éléments by
lines photographed from a hnmon specimen. A
sériés of photographs taken from metallic elec¬
trodes and from solutions when the apparatus is
properly adjusted should always be kept for
reference. A substance may then be readily
identified even when the wave-lengths of its
lines are unknown, by super-position of one
photograph upon the other, film to film, since
there are but very few cases of actual coïnci¬
dences of lines. of similar character. On the
small photographs from which copies were
printed by theWoodbury process for publication
in the C. J. xli. 90, it is easy to distin-
guish with a hand magnifier lines differing in

wave-lengths by only two-tenth metrets, and, of
course, with a microscope and a two-inch objec¬
tive the examination of the actual plates is
much easier. Having examined the photograph
for ail the elements which may possibly be
présent in the spark, if there be still some lines
the presence of which cannot be accounted for,
it is necessary to proceed according to the next
method.

Reference lines used in the construction of an
interpolation curve.

aienumbers. iindredtlisof aninch
m
A
1
g
à
S

Q)
a

o

a

"Si Eteciprocals aienumbers. undredthsof aninch
2

"S
1
s

| Originoflines ïteciprocals
œH

'ÎH
O as m £

17 4480 Mg 2232 190 2812 Sn 3556
17-7 4454 Ca 2245 192-5 2801 Pb 3571
18-9 4434 Ca 2255 197 2778 Sn 3599
20-0 4424 Ca 2260 203-5 2747 Cd 3640
20-5 4414 Cd 2265 213. 2705 Sn 3696
22-5 4386 Pb 2280 223 2662 Pb 3756
30-5 4245 Pb 2355 235 2613 Pb 3827
42-7 4061 Pb 2462 240 2593 Sn 3856
62-0 3800 Sn 2503 244 2576 Pb 3882
67-3 3739 Pb 2674 245 2572 Cd 3888
72 3683 Pb 2715 245-5 2570 Sn 3891
76-3 3639 Pb 2748 247 2561 Pb 3904
79 3610 Cd 2770 251-5 2545 Sn 3929
82-7 3572 Pb 2799 266-5 2495 Sn 4008
93-7 3465 Cd 2886 270 2483 Sn 4027
97 3437 Air 2909 272 2475 Pb 4040

101 3403 Cd 2938 281-3 2445 Pb 4090
106-5 3352 Sn 2983 282 2443 Pb 4095
109-5 3330 Sn 3003 286-5 2429 Sn 4116
115 3283 Sn 3045 289 2422 Sn 4128
118 3262 Sn 3065 295 2402 Pb 4163
119-5 3260 Cd 3067 298 2393 Pb 4178
129-5 3174 Sn 3150 306 2368 Sn 4223
135 3137 Pb 3187 311 2355 Sn 4246
151 3033 Sn 3297 318 2335 Sn 4282
155 3008 Sn 3324 320 2329 Cd 4293
159-5 29S0 Cd 3355 322-7 2321 Cd 4308
165 2949 Pb 3391 325-7 2313 Cd 4323
171
177

2912
2880

Sn
Cd

3434
3472

335 2288
J Cd i

<Snî 4370

178-5 2872 Pb 3481 344 2265 Cd 4415
180 2862 Sn 3494 351 2247 Sn 4450
182-5 2849 Sn 3510 353-5 2241 Cd 4462
185 2837 Sn 3524 368-5 2205 Pb 4535
186 2832 Pb 3531 372-5 2195 Cd 4555
188 2822 Pb 3543 395 2145 Cd 4662

(b) Method of identifying Unes when com-
parison spectra are not available. By chemical
processes of séparation, it is of course easy to
ascertain what metals may be looked for. The
wave-lengths of the unrecognised lines must
then be ascertained from an interpolation curve,
and this curve may be constructed from measure-
ments made directly from the photographs by
means of an ivory scale with a bevelled edge,
the divisions on the scale being hundredths of
an inch. With a strong magnifier we may read
by judgment to tenths of each division—that is
to say, to thousandths of an inch. The best
form of magnifier is one made like the com-
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pound eye-pieceof a microscope, which is brought
very close to the surface of the scale and photo-
grapb, so that false readings caused by parallax
are avoided. It is most convenient if there are

cross hairs or fibres of cocoon silk in the eye-
piece. The preceding lines afford convenient
points for drawing the curve. The scale num¬
bers are of course arbitrary, the zéro being fixed
at any part of the spectrum where the plates
cease to be sensitive. The reciprocals, which
represent oscillation-frequencies in unit of time,
yield a curve which more nearly approaches to a
straight line than the curve of wave-lengths.

Fractions of a tenth-metret have been omit-
ted from this list. The more correct numbers
are to be found in the Phil. Trans. vol. clxxv.
p. 49, part i. 1885, where also the scale numbers
are given which refer to photographs published
in the C. J. xli. 84, 1882. The object of
these numbers is to facilitate the identification
of lines, and this is further aided by a description
of each line. See also Phil. Trans. clxxv. 325,
Part ii. 1885.

Having pricked off on the photograph ail the
lines which have been recognised, or vice versâ,
the scale is very carefully adjusted so that it
gives correct readings with lines of known wave-
length at différent parts of the spectrum, as, for
instance, with Nos. 9, 10, 11, 12, 17, and 25 of
cadmium.

In order to adjust the scale accurately, it is
convenient to rule a line down the whole of the
spectrum, and this can be done by placing a very
fine wire aeross the slit, about one-fourth or one-
third the length of the spark, above the edge of
the lower electrode ; the edge of the scale should
coincide with this line. Another way of effect-
ing this is to make a slight nick in the edge of
the slit plate ; the line in the first case is clear
glass, but in the second it is a dark line, by
reason of the slit being wider at this point.
For the most part it is a continuous spectrum
showing strong lines reversed.

The scale numbers of the unrecognised lines
are then read off, the curve is referred to, or the
wave-lengths are recorded after reference to a
tabulated statement of scale numbers, and cor-

responding wave-lengths derived from readings
on the curve. From maps or descriptions of
spectra of the elements the corresponding lines
are selected. The opération is performed more
readily than it can be described. Having nothing
to guide the observer but the position of the
lines on the photograph and the wave-lengths
deduced therefrom, it is particularly necessary
to be guarded against the possibility of coinci-
dent lines or nearly coïncident lines being mis-
taken. Any difficulty of this kind may be easily
obviated if attended to.

(16) Test for the purity of alcohol. If a cell
with quartz sides about 20 mm. or J-in. thick, be
filled with the alcohol, photographs of the ultra¬
violet spectrum of cadmium as far as 2020 or
2030 should be obtained after interposing the
cell in the path of the rays. Should the spec¬
trum be short the spirit may be submitted to
fractional distillation, and successive fractions
examined until the portions containing the
absorbing substances—such as amylic alcohol,
essential oils, and aromatic substances—are
isolated. By taking photographs of these frac¬

tions contained in cells of différent thicknesses,
varying from 5 mm. to 1 mm., and also by dilu-
ting the fractions with optically pure alcohol, the
absorption bands characteristic of aromatic sub¬
stances may be rendered visible. By this method
aromatic substances have been found to occur in
old Highland whisky, a characteristic absorption
band appearing between wave-lengths 3260 and
2995 (Hartley, Cantor Lectures on Fermenta¬
tion and Distillation, p. 25, published by the
Society of Arts, 1884).

(17) The examination of essential oils. Es¬
sential oils are articles of great commercial value,
and consequently are subject to adultération.
For the most part their chemical constitution is
that of isomeric hydroearbons, which may be
divided into three polymeric groups correspond¬
ing to the three formulœ :—

(1) CI0H1S. (2) C15H24. (3) CmH32.
To the first-class belong the hydroearbons
derived from turpentine, orange, nutmeg, myrtle.

Fig. 15.—Isomeric Terpenes.

Sliowing the rays transmitted through 15 mm. of liquid
after dilution with various proportions of alcohoL
The ordinates represent the proportions of alcoholic
solution containing one volume of the terpene.

and several others. The second group includes
the hydroearbons from rosewood, cubebs, ealamus,
cascarilla, patchouli, and cloves. The third
group is represented by colophene. The optical
characteristics of these hydroearbons are as
follows :

1. Terpenes, with the composition CI0H„,
possess in a high degree the power of absorbingIRIS - LILLIAD - Université Lille 1
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thé ultra-violet spectrum, though they are
inferior in this respect to benzene and its
dérivations.

2. Terpenes, with the composition 015Hj„
have a greatly increased absorptive power.

3. Terpenes and their oxygenated derivatives
always transmit continuons spectra ; the spectra
of isomers differ as to the magnitude of wave-

Fio. 16.

Hydrocarbon from oil of tliyme (b.p. 162-163°0.)>
containing about 12 p.c. of cymene.

Iengths of the rays absorbed, and variations are
observed on dilution (fig. 15).

Some essential oils, when in a state of purity,
are entirely composed of benzene derivatives ;
others are mixtures of benzene derivatives with
terpenes. Of the former may be mentioned oil
of bitter almonds, aniseed, wintergreen, and
meadow-sweet, which are composed of benzoic
aldehyde, anethol, methyl salicylate, and saly-

Fig. 17.

Hydrocarbon Irom oil of lemons, showing the absorption
bands due to cymene.

cylol respectively. Of the latter, oil of bay,
otto of pimento, and oil of cloves contain
eugenol ; nutmeg contains myristicol, pepper-
mint menthol, carraway carvol.

(18) The estimation of cymene in essential
oils. Certain oils, which are essentially ter¬
penes, as oil of lemons, sometimes contain
cymene. Oils of orange, lemon, French and
Eussian turpentine have been described as con¬

taining as much as 8 p.c. of cymene ; it has even
been asserted that some oils consisted almost
entirely of cymene, or were converted by the
process of distillation into that substance. Cym¬
ene exhibits anarrow and very persistent absorp¬
tion band at Cd 17 (figs. 16 and 17) ; it is shown
when 1 volume is diluted with 2000 of alcohol,
and is persistent until a dilution of 1 in 20,000.
Byphotographingessential oils in différent stages
of dilution with optically pure alcohol, it was
found that the oils of orange and of French tur¬
pentine alluded to contained no cymene, the
Russian oil might have contained 4 p.c., and
that some other hydrocarbons of essential oils
contained very small quantifies of cymene. One
volume of cymene in 100 of essential oil is very
easily detected. The purity of essential oils
may be readily ascertained, and their value may
in some cases at least be determined, by esti-
mating the amount of impurity.

(19) The identification and estimation of the
alkaloids. The greatest interest attaches to the
examination of the alkaloids, because the absorp¬
tion spectra offer so ready and valuable a means
of ascertaining the purity and establishing the
identity of the alkaloids. The différences in
character of the various specimens of aconitine
are remarkable ; the comparatively harmless
base is easily distinguished, and of those which
are physiologically active, each has its distinc-
tive absorption curve, so that each préparation
may be absolutely identified. The cinchona
alkaloids show strikingly distinct curves ; so
likewise do those of the papaveraceœ. Two
specimens of morphine exhibit the same curve,
and so do two of codeïne. There is a différence
but yet a similarity between the morphine and
the codeïne, which arises from the constitution
of the two bodies being only slightly différent,
codeïne being a methyl-morphine.

Absorption Spectra of the Alkaloids.

Measurements of absorption bands in tenth
metrets :

English aconitine. 0T grms. in 20 c.c. of
alcohol, sp.gr. 0'8 :

Thickness of Wave-lengths of Remarks
liquid absorbed rays

2 mm. . 3008-2747 Spectrum weak
1 mm. . 2978-2872

The same solution diluted ten times, 0-01 in
20 c.c. :

5 mm. . 2995-2735
4 mm. . 2965-2863

Japaconitine. 0T grm. in 20 c.c. of alcohol,
sp.gr. 0-8 :

Thickness of Wave-lengths of Remarks
liquid absorbed rays

3 mm. . 2799-2614 Spectrum strong
2 mm. . 2747-2614

1 mm. 2747 2614 1 AbsorPtio112747-2bl4 J feeble here
0T grm. in 100 c.c. of

Remarks

Pseudaconitine.
alcohol, sp.gr. 0-8 :

Thickness of Wave-lengths of
liquid absorbed rays

3 mm. . 3028-2431 Less refrangible
2 mm. . 2747-2504 part of spectrum

strong
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Aconitine (Morson's). 0-1 grm. in 100 c.o.
alcohol, sp.gr. 0-8 :
Thickness of Wave-lengths of Eemarks

liquid absorbed rays
3 mm. Band (1) 3033-2836

Band (2) 2740-2424
2 mm. Band (1) 3002-2863

Band (2) 2740-2424

Spectrum well
marked

Aconitine.
sp.gr. 0-8 :

Thickness of
liquid

4 mm.

3 mm.

0-1 grm. in 20 c.c. of alcohol,

Wave-lengths of
absorbed rays
2863-2613
2740-2658

Eemarks

Spectrum
well marked

0-8:
Thickness of

liquid

3 mm.

3 mm.

0'01 in 10 c.c. of alcohol, sp.gr.

Wave-lengths of Eemarks
absorbed rays
oAno ana-i l Well-marked

•

spectrum
Band (1) 3403-3033 The second
Band (2) 2974-2854 band is the

weaker

Quinine sulpliate. 0'01 grm. in 10 c.c. of
alcohol, sp.gr. 0-8, and 5 c.c. of double normal
sulphuric acid :

Thickness of
liquid
5 mm.

4 mm.

3 mm.

2 mm.

Wave-lengths of
absorbed rays

. 3746-2865
, 3746-2875

3691-3028
3606-3466

Eemarks

A strongly-
marked

spectrum

Cinchonine. 0'01 grm. in 10 c.c. of alcohol,
sp.gr. 0-8, and 5 c.c. of double normal sulphuric
acid :

Thickness of Wave-lengths of Eemarks
liquid

5 mm.

4 mm.!
2 mm.

1 mm.

absorbed rays
. 3465-2735

3 mm. 3356-2835
. 3260-2860
. 3260-3022

A strongly-
marked

spectrum

Quinidine sulpliate. 0'01 grm. in 10 c.c. of
alcohol, sp.gr. 0'8, with 5 c.c. of double normal
sulphuric acid added :

Thickness of
liquid
5 mm.

4 mm.

3 mm.

2 mm.

1 mm.

Wave-lengths of
absorbed ravs

3737-2867
3690-2875
3691-2891
3178-3022

Eemarks

A strongly-
marked

spectrum

Cinchonidine sulpliate. 0'01 grm. in 10 c.c.
of alcohol, sp.gr. 0'8, with 5 q.c. of double normal
sulphuric acid added :

Thickness of Wave-lengths of Eemarks
liquid absorbed rays
5 mm. & 4 mm. 3364-2860
3 mm.

2 mm.

1 mm.

Morpliia.
sp.gr. 0-8 :

Thickness of
liquid

2 mm.

1 mm.

3348-2860
3258-2864

A strongly-
marked

spectrum
. 3258-2907 1 Absorption in-

J complété here.

0-1 grm. in 25 c.c. of alcohol,

Wave-lengths of Eemarks
absorbed rays
2980-2660 A well-marked
2956-2747 spectrum

The same, 0T grm. in 10 c.c. of alcohol,
sp.gr. 0-8 :

Thickness of
liquid

5 mm.

4 mm.

3 mm.

Wave-lengths of Eemarks
absorbed rays
2980-2747 A well-marked
2949-2838 spectrum
2949-2870

Morpliia. 0-1 grm. in 25 c.c. of alcohol, sp.gr.

Thickness of
liquid

3 mm.

2 mm.

1 mm.

Wave-lengths of
absorbed rays

. 3008-2613

. 2980-2613
. 2980-2836

The same solution, diluted to four times its
volume, équivalent to 1 in 1000 c.c. :

Thickness of
liquid

4 mm.

3 mm.

2 mm.

Tetracetyl-morpliia.
alcohol, sp.gr. 0'8:

Thickness of
liquid

3 mm.

2 mm.

1 mm.

Wave-lengths of
absorbed rays

. 2980-2836
. 2980-2857
. 2980-2810

0T grm. in 20 c.c. of

Wave-lengths of
absorbed rays

. 2926-2572
. 2902-2610
. 2864-2745

The same, 0T grm. in 100 c.c. of alcohol,
équivalent to 1 in 1000 c.c. :

Thickness of
liquid

5 mm.

4 mm.

Wave-lengths of
absorbed rays

. 2964-2601
. 2821-2735

Godeïne. 0T grm. in 20 c.o. of alcohol, sp.gr.
0-8:

Thickness of Wave-lengths of
liquid absorbed rays

2 mm 2977-2612
1 mm 2977-2747

The same, 0-01 grm. in 10 e.o. of alcohol
= 1 in 1000 c.c. :

Thickness of Wave-lengths of
liquid absorbed rays

4 mm 2965-2735
3 mm 2942-2798
2 mm 2942-2863

The same, 0-1 grm. in 10 c.c. of alcohol, sp.gr.

Thickness of
liquid

2 mm.

1 mm. Band (1)
Band (2)

Wave-lengths of
absorbed ravs

. 2964-2660
. 2747-2572
. 2962-2747

The same, diluted to five times its original
volume, or to 1 in 500 c.c. :

Thickness of Wave-lengths of
liquid absorbed ravs
5 mm 2962-2747
4 mm 2976-2747
3 mm 2976-2747
2 mm: .... 2976-2740

Diacetyl-codeïne.
hol, sp.gr. 0-8 :

Thickness of
liquid

2 mm.

0-1 grm. in 10 c.c. of alco-

Wave-lengths of
absorbed rays

. 2947-2613
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The same solution diluted five times =1 in
500 e.o. :

Thickness of Wave-lengths of
liquid absorbed rays

5 mm 2976-2609
4 mm. . . . 2942-2740
3 mm. . . ' ' . . 2942-2740

Thebaïne. 0T grm. in 100 e.o. of alcohol,
sp.gr. 0'8 = 1 in 1000 o.c. :

Thickness of Wave-lengths of
liquid absorbed rays

2 mm 3171-2568
1 mm 3171-2568

The same solution diluted five times = 1 in
5000 e.e. :

Thickness of Wave-lengths of
liquid absorbed ' rays

5 mm 3171-2568
4 mm 2976-2740
3 mm 2976-2863

Pa/paverine. OT grm. in 1000 e.e. of alcohol,
sp.gr. 0'8 = 1 in 10000 :

Thickness of Wave-lengths of
liquid absorbed rays

1 mm 2540-2343

The same solution diluted five times = 1 in
50000 :

Thickness of Wave-lengths of Eemarks
liquid absorbed rays

4 mm. . 2545-2313 Ill-defined band
3 mm. . 2545-2313 „

2 mm. . 2545-2313
1 mm. . 2545-2313 Band still visible

Narcotiiie. 0-1 grm. in 100 e.e. of alcohol,
sp.gr. 0-8= 1 in 1000 c.c. :

Thickness of Wave-lengths of
liquid absorbed rays

4 mm 3330-2707
3 mm 3262-2839
2 mm 3262-2829

Apomorphine hydrochloride. 0T grm. in 500
e.e. of alcohol, sp.gr. 0'8 = 1 in 5000 e.e. :
Thickness of Wave-lengths of Eemarks

liquid absorbed rays
n— nnnc oroo I This Solution will2 mm. . 2970-2568 1 . ,

I not keep
Veratrine. 0T grm. in 20 e.e. of alcohol,

sp.gr. 0-8 :
Thickness of Wave-lengths of

liquid absorbed rays
2 mm 3034-2848
1 mm 3016-2860

The same solution, 0T grm. in 100 c.c., 1 in
1000 e.e. :

Thickness of Wave-lengths of
liquid absorbed rays

5 mm. . . . . 3008-2847
4 mm 2976-2869

Cevadine. Merck's veratrine shows no ab¬
sorption bands.

Brucine. Solution in alcohol, sp.gr. 0'8, 1
in 5000 e.e. :

Thickness of Wave-lengths of
liquid absorbed rays
5 mm. Band (1) . . 3171-2857

Band (2) . . 2793-2424
Eemarks.—Strongly marked spectrum.

4 mm. Band (1) . . 3171-2869
Band (2) . . 2740-2568

Eemarks.—This band is feeble.

Strychnine. Solution in aleohol, sp.gr. 0-8,
1 in 2500 e.e. :

Thickness of Wave-lengths of
liquid absorbed rays

3 mm. .... 2740-2310
2 mm. .... 2740-2310
1 mm 2568-2427

The same solution diluted five times = 1 in
12500 e.o. :

Thickness of Wave-lengths of
liquid absorbed rays

5 mm 2568-2427

Piperine. Solution in alcohol, sp.gr. 0-8, 1
in 5000 e.e. :

Thickness of Wave-lengths of
liquid absorbed rays

3 mm 3600-2740
2 mm. Band (1) . . 3600-2740

Band (2) . . 2568-2310
Bemarlcs.—The absorption is not quite per-

feet, one or two strong lines being faintly trans-
mitted at 2427 and 2418 (Hartley, Tr. 176, 471,
part ii. 1885).

II. Emission Spectra.

Some substances émit rays wkich are easily
observed by the eye, beeause tkey are brilliantly
coloured and are obtainable at low températures,
but other substances présent muck more ckarac-
teristie spectra at high températures and in the
ultra-violet région. Photographed speetra of
most of the metals are, on this aeeount, of much
greater interest tlian those in the région of
visibility.

Owing to the spectra being the aggregate
effeet of an immense number of vibrations with
definite values, they présent, under similar
conditions, absolutely the same appearanee,
whereas the eye in observing vibrations rapidly
repeated, sees only the average effeet. Many
observations impossible by the eye are easily
obtained by photography, and hence the adapta-
bility of speetrum photography to quantitative
analysis.

Some of the applications of the method may
be mentioned : (1) the quantitative analysis of
small quantifies of minerais, sueh as crystals, a
few milligrams in weigkt ; (2) the analysis of
globules of metals redueed by the blow-pipe ;
(3) the détermination of the composition of rare
coins and antique jewellery,thesparkcausingno
damage to such articles ; (4) the estimation of
the minute constituents in ores and metallur-
gical products. Proceeding in the manner which
bas been already described ; a reference to the
maps of quantitative spectra will indicate how
such analyses are made (figs. 18 and 19).

(20) The détection of phosphorus in cases of
poisoning. When phosphorus, or a compound
capable of réduction, such as ferrous phosphide,
phospkorous acid, or a hypopkosphite, is intro-
duced into a hydrogen apparatus, the flame
shows a magnificent green nucleus, which is
brighter the more the flame is cooled. Salet
cools the flame by surrounding the jet with a
moderately wide tube of glass, with a latéral
side tube through which cold air can be blown,
the arrangement being similar to a Herapath's
gas blow-pipe, air taking the place of gas and
hydrogen that of air. With this arrangement a
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sériés of bauds ean be observed with the spec-
troscope.

The wave-lengths of the bands are as follows :
Millionths of a

millimétré

| 609 Weak diffuse.J 599 Maximum; de-gradedtowards

1 the violet.
^590 Weak and diffuse.
584 Weak and diffuse.

Greenish ("576
Yellow \ 559

fi [522
C 547 Weak and de-graded towards

Green J the violet.
a 1 525 Maximum;de-gradedtowards

[ the red.
Green |5n

Weak bands at 503, 491, 478, 470.
When the flame is not cooled, the order of

intensity is no longer a, fi, y, but a, y, fi ; and 5
is no more than barely visible (G. Salet, ' Traité
de Spectroscopie,' p. 177, Paris, 1888).

Scale of wave-lengths
3,50 f

(21) The estimation of phosphorus in iron and
steel. Sir J. G. N. Alleyne in 1875 (Journal of
the Iron and Steel Institute) devised a method
of estimating phosphorus in iron and steel.
The métal is submitted to the action of the
spark in an atmosphère of hydrogen, this gas
being displaced by carbonic acid in measured
volumes. No lines of phosphorus are visible
when the sparks pass through hydrogen, but in
presence of air, or on the graduai admission of
carbonic acid the lines shine out, and are
brighter the more gas is admitted or the more
phosphorus is présent. To produce the sparks
a coil capable of giving a spark 16J inches long
in air was used ; the sparks were condensed by
Leyden jars of great capacity, the electrodes
being so adjusted that a continuous sériés of
discharges took place between the pôles. The
spectroscope was fitted with fine flint glass
prisms. The tubes in which the electrodes are
inclosed are connected with a supply of coal-
gas, a gas-holder of hydrogen, and a generator
for carbonic acid. Tlio air is displaced by coal-
gas ; this is displaced by measured volumes of

tF
> 2750

3400
MAGNESIUM

m
3000 2500.

s■ lveu pIGi X8.—Quantitative Spectiîa.
Maps of metallic spectra photographed from solutions of known strength.

hydrogen, and in turn is removed by carbonic
acid. The movement of the hydrogen and car¬
bonic acid into the tube is caused by water
flowing out of an aspirator, which is graduated.
The stream of water is shut off as soon as two

green lines appear, and the quantity of water
displaced by carbon dioxide is a measure of the
phosphorus présent. This is found by reference
to a curve derived from actual experiments
made with a sériés of analysed irons and steels.
The Bpectrum is carefully described, but no
wave-length measurements are given. The
Bpectrum of phosphorus obtained by a disrup-

tive discharge is composed of the following
lines :

f strong 6046
6506, 6463, _a -I 6035 /3 5498,5461,

[strong 6025,
5452, y 5420, 5341, 5310, 5283, 5, fairly strong,
koab a qaq / 4602 ' Traité de Spectroscopie.'024», 494», e 14589 G_ galet> p 19g_

By comparison with the drawing and de¬
scription of the speetrum, it appears that the
lines to be looked for are the pair c

the green, a little more refrangible than F. The

/4602.
1 45891
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group a is that which is desoribed as being ' like
a wicket with tbe middle stump very thin ' ; it
lies in tbe red.

(22) The analysis of iron and steel. Messrs.
Pariy and Tueker bave pbotographed sparks
passed between iron points, and eonsider the
results obtained as of great value, but generally
speaking it is necessary, on account of the
multitude of iron lines, to separate the iron
from the foreign metals. To examine steel
thoroughly, dissolve about 7000 grains in agua
regia, evaporate to dryness, and heat on a
paraffin bath to 250°C. until the aeids are ex-
pelled. Drench with strong ammonia, and pour
into a stoppered bottle ; fasten down the stopper,
and digest for several hours in a warm place.
The ammonia is filtered off and evaporated, first
with nitric and then with hydrochloric acid
(solution A).

Boil the residue with water, filter and evapo¬
rate the liquid (solution W).

Add acetic acid to the residue and boil;
nearly neutralise with ammonia and boil again,
filter, and evaporate the solution (solution A').

On proceeding thus, and photographing the
sparlc spectra of the solutions, the following
metals were detected in Bessemer steel :

In solution A (ammonia), nickel, cadmium,
calcium, manganèse, copper.

In solution W (water), calcium, manganèse,
copper.

In solution A' (acetio acid), antimony, alu¬
minium, lead, calcium, manganèse, copper.

It may be remarked that calcium was not
necessarily in the métal, for it is always présent
in acids and in floating dust. The ultra-violet
spectra should be photographed from these
solutions.

In photographing condensed sparks from
iron points a means is afforded of estimating
the amount of carbon and silicon présent by the
presence of the lines of those elements, and a
comparison therewith of a sériés of standard
spectra. Manganèse is capable of being so esti-
mated, but for this purpose it is necessary to
separate the iron by solution and précipitation.

(23) Examination of the Bessemer blow.
During the Bessemer ' blow ' the appearance of

Seule of wave-lengths

ANTIMONY

tTTTTtrrrrl
j ii 1 il 1111111111 ii 1111111 ii 111111 ij iiiilil^iiilynyiii^iiiiliiiiliiiiliiiiliiiiliiiiliiiilniiliiyl fnt

<H Mi i-
a. 1

(IIS M U TM

Fia. 19.—Quantitative Spectea.
Maps of metalîic spectra photographed from solutions of known strength.

the flame which issues from the mouth of the con-

verter indicates to the eye of a skilled workman
tbe exact moment when the blast should be
turned off. By the use of the spectroscope the
changes in progress may be ascertained. Ros-
coe's first observations showed that at a certain
phase of its existence the flame emitted a com-
plicated but characteristic sériés of (a) bright
lines, (b) bright bands, and (c) absorption
bands. Amongst the lines were recognised
those of hydrogen, sodium, lithium, potassium,
iron, and nitrogen, with many others. A banded
spectrum was observed, which at first was
stated to be that of carbon. A further inves¬

tigation by Marshall Watts showed the most
striking groups of bright bands, and several
lines are due to manganèse dioxide, but not to
metallic manganèse nor to carbon. In a highly

manganiferous pig iron this banded spectrum of
manganèse dioxide has been observed by Grenier
to be so brilliant that in order to look at the flame
it was necessary to use neutral-tinted glasses,
and brown fumes of manganèse dioxide were
noticed in profusion during its continuance.
Marshall Watts' measurements of the man¬

ganèse dioxide spectrum are given as follow ; the
thickened figures are measurements at the
bright edges of bands, the others refer to lines :
6234, 6204, 6185, 6178, 6080, 6060, 5932, 5909,
5847, maximum of light here ; 5847, 5688, 5644,
5607, 5580, 5433, 5423, 5395, 5391, 5359, de-
graded towards the red, 5229, 5192, 5157, 5099,
5018, 4984, 4943, 4904, 4862, 4836, 4832, and
4783.

When the whole of the manganèse has been
burnt away, the spectrum suddenly disappears
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and at this point the combustion of the iron,
which is injurious, begins to take place. The
reason why the disappearance of the manganèse
dioxide spectrum coïncides with the complété re-
moval of the carbon from the métal is because the
atmosphère of the converter, as long as there is
carbon to burn, is a reducing atmosphère, being
highly eharged with carbon monoxide. When
this gas has been expelled, and there is no more
carbon to burn, the vapour of manganèse be-
comes oxidised, and as soon as the air is in
excess, the spectrum of manganèse dioxide ceases.
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W. N. H.
SPECULAR IRON ORE v. Ikon.
SPECULUM METAL. An alloy of 1 équiva¬

lent of tin and 4 équivalents of copper and a
small quantity of arsenic, used for making the
mirrors of reflecting telescopes.IRIS - LILLIAD - Université Lille 1
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SPEISS v. Cobalt.
SPE1TER v. Zinc.
SPERMACETI is principally obtained from

the cachalot or sperm whale, Physeter macro-
cephalus, although it is also procured in smaller

. quantities from P. tursio and JDelphinus eden-
tulus. It is also to be found in the blubber of
Balœnoptera rostrata, and in the oil of Delpliin/us
globiceps. In old works the name is written
sperma ceti, in the belief that the substance
was the spawn of the whale. In 1686 the body
of a dead whale whioh was discovered ofi
the Norfolk coast it-as found to contain sper¬
maeeti, the origin of which was then first
ascertained. The Greenland whale fishery had
long been carried on before the haunts of the
sperm whale were discovered ; but we find that
between 1775 and 1779 the Americans were

taking large quantities of sperm oil, and in 1776
the British Government offered a premium to
the ship which should bring home the largest
cargo of sperm.

The wax is found in largest quantity in the
head of the whale, where it appears as crystals
mixed with the fluid oil, nearly a ton of matter
being recovered from the cellular tissue con-
tained within the cavity immediately after cap¬
ture. It exists also in other parts of the body,
but does not there solidify until after the melting
and cooling out of the fat. The oil, after melting,
soon deposits thick scales of spermaeeti, and
arrives at the factories in a semi-solid condition.
The mass there undergoes a sériés of filtrations
and pressings ; and finally a little caustic pot-
ash is added to the now almost white sperma¬
eeti, by which means the last trace of colour is
removed. The material is then cast in blocks.

Crude spermaeeti forms yellowish trans¬
parent plates of a foliated structure, with a
rancid, iishy odour. After treatment with potash
lye as above described, it is white, semi-trans¬
parent, and crystalline, tasteless, odourless, and
friable. The product of the right sperm melts
at about 45°, and congeals immediately below
that point ; the spermaeeti of the bottle-nose
and some others melts at a somewhat higher
point. Purified spermaeeti, again, after repeated
treatment with hot alcohol, has its melting-
point further raised, and can be distilled at
360°, without perceptible décomposition or
altération. It is readily soluble in ether, chloro-
form, and bisulphide of carbon ; but is insoluble
in water, and very slightly soluble in cold
alcohol, benzene, and petroleum.

Spermaeeti consists mainly of cetyl palmitate

c"ll"o } saponify, but, on
long boiling with potash, yields cetyl alcohol,
the ethal of Chevreul. Its spécifie gravity at
15° is 0-943.

The flame produced hy burning spermaeeti
is large and clear ; it is therefore employed in
candle-making, but generally with a small ad-
mixture of wax from other sources to correct its
brittle character. It was formerly prescribed
internally for irritation and inflammation of the
alimentary canal and of the bronchial membrane ;
but its employment as a médicament at the pré¬
sent day is confined to ointments and salves.
England and the United States supplymost of the
spermaeeti of commerce. A finer variety is pre-

pared by the French in square cakes of about
35 lbs. each. Of this there are two qualifies, one

dry and pure white, the other more fatty and
of yellowish hue. The inferior quality of Ameri¬
can spermaeeti is grey-yellow, and contains much
oil (see Field, Cantor Lectures, 1883 ; Brannt,
'Animal and Vegetable Fats and Oils

SPERM OIL v. Oils, fixed, and fats.
SPHACELINIC ACID v. Ergot of rte.

SPHENE v. Calcium ; also Titanium.
SPIEGEL EISEN v. Iron.
SPINEL. Magnésium aluminate v. Alu¬

minium:.

SPIRIT OF AMMONIA v. Ammonia.
SPIRIT OF HARTSHORN v. Ammonia.
SPIRIT OF SALT v. Hydrochloric Acid.
SPIRIT OF WINE v. Alcohol.
SPIRIT VARNISHES v. Vaknishes.
SPODUMENE v. Lithium.
SPRUCE OCHRE. Brown ochre v. Pigments.
SQUILL. (Scilla ; Scille, Fr. ; Meerzwiebel,

Ger.)
The fleshy bulb of TJrginea Scilla (Steinheil),

a liliaceous plant inhabiting the shores of the
Mediterranean (Bentl. a. T. 281). It has been
employed in medicine from ancient times as a
diuretic and expectorant. The bulb, already
dried, is imported into this country mostly by
way of Malta. Under the microscope the eells
of its modified leaves are seen to be loaded with
mucilage, in which numerous needle-shaped or
square prismatic crystals of calcium oxalate are
suspended (Fl. a. H. 690).

The mucilage of squill contains a gum, which
is precipitated by basic acetate of lead, an
uncrystallisable sugar (Fl. a. H.) and sinistrin
G6H10O5 (Schmiedeberg, H. 3, 112 ; B. 12, 704).
The sinistrin of Schmiedeberg is probably a dis¬
tinct substance from the constituent of dahlia
root described under the same name by Marquart
(A. 10, 91). After removal of the gum from
squill mucilage, by treatment with basic acetate
of lead, milk of lime is added, when an insoluble
calcium compound is formed, from which free
sinistrin may be liberated by carbonic acid. It
is purified by successive solution in water and
précipitation by alcohol. Sinistrin is a white
amorphous powder, soluble in water, insoluble
in alcohol, is lœvorotatory (cf. Kuhneman, B.
8, 387), and does not reduce Fehling's solution.
Diastase is without elïect upon it, but by boiling
with dilute acid it is converted into lœvulose
and inactive glucose. The 1 scillin ' of Biche
and Bémont (J. Ph. [5] 2, 291) appears to be
nearly related to sinistrin.

By treating an alcoholic extract of squill
with tannic acid, a compound is obtained con-
taining the bitter and more active constituent of
squill. ThiB has not been satisfactorily isolated,
although under the name of scillitin or sculeïn
it has been much investigated. See further Man-
det (C. B. 51, 87), Schroff (N. B. P. 14, 241),
Bighini (E. 63, 87), Tilloy (J. Ph. 12, 635 ; [3]
23, 406), Yogel (S. 6, 101), Lebourdais (A. Ch.
[3] 24, 62), Marais (J. Ph. [3] 30, 130),
Landerer (B. 47, 442). A bitter pulvérulent
compound, scillaïn, has, however, been obtained
by Jarmersted, which, in its physiological .

action, resembles digitalin (J. 1879, 914). It
is a glucoside, difficultly soluble in water but
soluble in alcohol. The names ' scillipicrin,' ' scil-
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lotoxin,' and ' scillin ' hâve been applied com-
mercially to eondensed pharmaceutical prépara¬
tions of squill (Merck, Ph. [3] 9,1038). A. S.

STALAGMOMETER v. Fosel oïl.

STANNATES. Compounds of stannic oxide
with bases, v. Tin.

STANNIC ACID v. Tm salis and oxides.

STANNO-FLUORIDES v. Tin salts and

oxides.

STARCH (Lat. Amylum ; Fr. Amidon,
Fécule ; Ger. Starke, Starkemehl, Farina).

1. Occurrence.—In some form or other starch
is one of the most widely-diffused substances in
organie nature, occurring more or less abun-
dantly in every plant that has, up to the présent
time, been examined. It is found in larger quan¬
tifies in some families of plants than in others,
and occurs in différent parts in différent plants ;
for instance, it is always found in great abun-
dance in the seeds of ail the cereals, as well
as of the leguminosaj, in the stems of various
species of Sagus and Cycas, in the roots of many
plants belonging to the family of Euphorbiacete
and Zingiboraeete, and in the tubers of the potato,
canna, and cassava.

Starch is also found under varying conditions
in différent parts of the same plant ; for instance,
it is found in the green leaves of ail plants dur-
ing the daytime, the proportion varying according
to the weather and time of day. It is generally
présent in greatest quantity towards the evening
and least in the morning, whilst during the
night the starch almost or completely dis-
appears from the leaves, especially during the
summer months. Starch is also found in the
pith of trees and shrubs and in the various
woody tissues ; but its presence in these parts,
as in the leaves, is not constant and equal, the
same tissues at certain seasons being fully
charged with starch and at others almost
entirely devoid of it.

2. Nomenclature.—la this country the term
' starch ' appears to be applied generally to that
obtained from ail sources, with the name of the
substance from which it is prepared usually pre-
fixed to it, such as ' potato starch,' ' wheat starch,'
' rice starch.' In a few instances the affix starch
is dropped, as in ' sago,' ' arrowroot,' or the pro-
duct is known by some name given it in com¬
merce, as ' tapioca,' ' tous-les-mois.'

In France the term ' fecula ' (fécule) is ap¬
plied to the starch obtained from roots and
tubers, such as potato, manioc, arum ; from
stems, such as sago ; and from fruits and seeds,
as horsechestnut, acorns, &c. ; whilst the starch
obtained from ail the cereals is defined as ami¬
don or starch. Most of these products areknown
in Germany as ' farina.'

Table I.—Relative proportions of starch per
cent, in various plants.

- Krocker O'Sullivan

Wheat .

Barley .

Oats .

ËL : : :
.Rice .

53-56
38-6-37-9
27-9-36-9

45-47
66-67

54-55-5
46-2-46-4

35-38
44-46
54-58
75-77

Table I. (continued).

Buckwheat . 44 Krocker
Millet . 53-7-55-5 »»

Haricot beans 37-7 »»

Peas 38-8 M

Lentils . 39-6-40 H

Potatoes (air-dried) 16-23 J»

Acorns . 64-5 Gzubata
Pollen of common 7-1 Von Planta

pine
RicciardiGreen bananas 12-1

Soja bean under 5-0 Meissl & Bôcker
Leaves of caout¬ 5-4 —

chouc tree

Liquorice root 29-6 Sestini
Nasturtium offici¬ 2-9 Church

nale
Tubers of yam 25-2 Moser
Dried pears . 10-3 Bertram

„ apples . 5-2 „

Parsnips 1-0 Corenwinder
Kola nuts 33-7 Heclcel & Schlag-

denhauiïen

3. Physical characteristics.—To the naked
eye pure starch présents the appearance of a
white glistening friable powder, having a harsh
feel when rubbed between the fingers, per-
fectly neutral, without taste or smell, is un-
crystallisable, and undergoes no change under
ordinary atmospheric conditions. Under the

Table II.—Diameters of the commoner varieim
of starch granules.

Starch from Millimétré

Rhizomes of Canna gigantea . •175
„ „ Maranta arundinacea •140

(arrowroot)
Tubers of potato .... •140
Broad beans •075

Sago •070
Lentils ...... •067
Haricot beans •063
Peas ■050
Wheat ■050
Tubers of Batata edulis . •045
Maize •030

Tapioca (Jatropha manihot) •028

Barley •025
Rice •022
Millet (Panicum miliaceum) •010
Buckwheat •009
Parsnip •007
Seeds of beetroot .... •004

microscope it is seen to consist of granules of
various forms—in most cases, however, more
or less ovoid—and differing widely in size, form,
and appearance, dépendent on the source from
wbence they are derived. According to Payen,
they may vary in size from *002 mm. in dia-
meter to -185 mm. These wide différences are

the principal means by which the various kinds
of starch may be differentiated one from another
as they occur in commerce.

It must be noted, however, that the size of the
starch granules varies very considerably in dif-
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ferent plants, being in some immeasurably
minute, as in certain species of cactus ; in
others, as in the potato and tous-les-mois,
attaining a comparatively very large size, the
several grains being readily visible with a simple
lens.

In the same plant—and, indeed, often in the
same cell—the size of the starch granules will be
found to vary, being ehiefly dépendent on the
relative âge of the grains, so that when measures
of starch grains from various sources are given
they must be taken only to represent an aver-
age ; but although the dimensions of the starch
granules produced by any one species of plant
are by no means constant, yet none of them
départ very widely from this average, and so by
reference to such a standard the starch granules
of différent plants may readily be differentiated
microscopically one from the other by an ex¬
pert.

i. Formation of starch in the living plant.
Starch granules in the growing plant are formed
in the homogeneous solid substance (protoplasm)
of the chlorophyll corpuscles. They are at first
visible as mere points, and gradually increase in
size, so that eventually they may so completely
fill up the space of the chlorophyll corpuscle
that this may be represented by a mere eovering
film, and at last almost entirely disappear.
These starch granules are sometimes extremely
minute and very numerous, and so closely packed
together as to fill the cell cavity, as in the case
of rice and oat, vvhilst in other instances they
are of much larger dimensions, so that only
a comparatively small number of them are to
be found in each cell.

Starch granules only grow and increase in size
so long as they are in contact with the protoplasm
and are exposed to light at a favourable tem¬
pérature in the presence of carbonic anhydride.
Hence the formation of starch in the leaves of the
growing plant must be regarded as a product of
assimilation, and may be supposed to take place
somewhat in the following manner. It is well
known that carbohydrates can be oxidised to
aldéhydes, and arguing from this Baeyer sug-
gested (Ber. 3, 63) that formaldehyde is the
immédiate product of assimilation, and by its
condensation gives rise to the polymeric sub¬
stance glucose—thus: (CH^O),, = C6H1206, and
hence to the anhydride of it, starch. If this be
the process which aetuallyoccurs in the plant, the
function of chlorophyll is simply the décompo¬
sition of carbonic anhydride into carbonic oxide
and oxygen (Vines, C. J. 33, 375). That such is
the case would appear from experiments re-
cently recorded by Bokorny (C. C. 1888, 858 ;
1891, 120), who finds that algœ (Spirogyra
majuscula), when placed in a culture solution con-
tainingO-1 p.c.methylal,or 0'lper cent, of sodium
hydroxymethyl sulphonate, and 0-1 p.c. K2HP04,
and allowed to remain in air free from carbonic
anhydride and exposed to the light, contained,
at the end ôf five days, very considérable quan¬
tifies of starch, the sodium hydroxymethyl sul¬
phonate being broken up into sodium sulphite
and formaldehyde, which by condensation be-
comes converted into carbohydrate.

As fast as the starch—the raw material of
the plant—is formed in the leaves it is with-
drawn by the growing plant for various purposes.

According to Vines, one portion becomes con¬
verted into cellulose to form the walls of the
cells in growing organs, this cellulose becoming
subsequently converted into lignin or cork, or
gum and mucilage. A second portion is devoted
to the nutrition of the existing protoplasm, and
to a formation of new proteid material by the
combination of carbohydrates with derivatives
of the nitrogenous compounds (ammonia and
nitrates) absorbed by the roots. A third portion
probably undergoes décomposition to form the
colouring matters, acids, &c., and furnishes, in
conséquence, energy to the plant, and the re-
mainder of the carbohydrates is stored up in
the persisting parts of the plant, either as car¬
bohydrate (starch, inulin, cane sugar, &c.) or as
oil and fat.

5. Structure ofstarchgranules.—Starch gran¬
ules, when examined under the microscope with
a sufficiently high power, are found to consist
of a sériés of distinctly stratified concentric
layers, the outer ones being denser than those
nearer the nucleus or hilum, which appears
as a dark spot and generally occupies an ec-
centric position. This is well seen in potato
starch. Occasionally two or more nuclei ap¬
pear in one granule, and concentric layers
may be observed surrounding each, as in the
case of the haricot bean. These granules con¬
sist principally of a substance called ' granu-
lose,' together with small quantifies of another
substance very closely allied to granulose,
and known as starch cellulose. This sub¬
stance preponderates in the outer layers of the
granule, the entire outer coating being in ail
probability composed of it. This outer layer is
the oldest in point of growth ; the starch granule,
according to Nâgeli, increasing in size from
without inwards, so that each interior layer is
younger and less compact than the one which
immediately surrounds it ; and since these
layers are for the most part of variable thick-
ness they cause the granule to deviate gradually
in form from the originally spherical nucleus
and assume a more or less ovoid form.

To the presence of this protective coating is
to be attributed the fact that starch granules,
when intact, are absolutely unacted upon by cold
water. Although water is absorbed to a very
large extent by the granulose, none of this
substance, which is to the highest degree
colloïdal, is able to diffuse into the surrounding
médium.

If, however, the outer layer of the granule be
ruptured by attrition, water is rapidly absorbed,
the cell contents become swollen to a very great
extent, and a small quantity of matter goes into
solution. By treating the ruptured starch grains
repeatedly with water the whole of the granulose
may be removed, whilst the cellulose remains
behind in the form of extremely thin layers ;
treated with a solution of iodine these give a
dirty-yellow colour. Granulose, on the other
hand, is coloured an intense indigo blue with
iodine solution ; this reaction, which is most
characteristic of ail starehes, will be referred to
again later on.

Granulose may be separated from starch
cellulose by allowing a 2 p.c. solution of sul-
phuric acid to act upon the starch granules for
a few weeks, but the easiest way of obtaining it is
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by aoting on starch paste (5-6 grms. per 100 c.c.
water) in the cold, with diastase or cold water
malt-extract. Limpidity is produced in a few
minutes, the liquid is filtered, and the residue,
which oonsists of staroh cellulose, is washed well
with cold water. Starch cellulose obtained in
this way is perfectly insoluble in cold water, or
in yater heated up to 80°C. ; it is not acted
upon by diastase in the cold, nor up to 60°C.
By boiling with water, however, it is converted
to a great estent into soluble starch ; a portion
of it, however (about one-fifth), resists the re-
peated action of boiling water, but is readily
dissolved in a dilute solution of potash, froin
which the greater portion of it can be re-precipi-
tated by the addition of acetic acid. If, however,
the alkaline solution be heated up to boiling, the
whole of the cellulose is slowly converted into
soluble starch. Well-washed potato starch con-
tains from 2 to 5 p.c. of cellulose.

Under polarised light starch assumes a most
characteristic appearance. When examined
under crossed Nicol prisms the field remains dark,
but eaeh granule assumes a glistening grey
appearance, as if self-luminous, and is marked
with a black cross. If, then, the object be
slowly rotated in the field of view, the cross will
remain fixed with regard to the field, one pair of
its arms being parallel to the principal plane of
the polariser, and the other parallel to the prin¬
cipal plane of the analyser. If next the object be
allowed to remain stationary, and the polariser
or analyser be rotated, the cross will rotate with
it, but with only half the angular velocity ; if,
next, a thin plate of selenite be introduced
between the polariser and the object, and whilst
the Niçois are crossed, most beautiful chromatic
effects may be obtained.

6. Chemical properties.—Starch is absolutely
insoluble in cold water, alcohol, ether, or any
other known solvent.

Ordinary air-dried starch usually contains
about 18 p.c. of water, which may be entirely
driven off by heating for some time in a current
of dry air at a température of 100-105°C. Under
this condition starch appears to be a most highly
hygroscopic substance, which rapidly absorbs
moisture from the air until it regains its original
18 p.c. -, if exposed to a damp atmosphère it is
capable of absorbing as much as 35 p.c. of
moisture.

7. Action of heat.—Freed completely from
moisture, starch may be heated to a tempéra¬
ture of 160°C. without undergoing any change ;
at températures higher than this it becomes
coloured, and is partly converted into dextrin.
If, however, ordinary air-dried starch be heated
to 160°C. it quickly undergoes décomposition,
becoming converted to a greater or less extent
into dextrin and reducing sugars, the action (v.
Dextbin) varying with the particular kind of
starch used.

Experiments were made by the writer as to
the effects of heat on différent varieties of starch.
Potato, sago, and rice were heated to 190°C. for
two hours, cooled down, dissolved in cold water,
and the spécifie rotatory powers of the solutions
taken.

The potato- and sago- starch are entirely
decomposed under tbese conditions, and their
solutions showed a spécifie rotatory power of

aD = 154-3 for potato, and aD = 193-3 for sago;
the rice-starch appears to offer great résistance
to the action of heat, being only partially decom¬
posed at the above température.

According to Schubert (M. 1884, 472), the
starch granule, under the influence of high tem¬
pérature, is altered in such a manner that those
layers which are rich in granulose are at once
converted into soluble starch and dextrin, while
the principal portion of the layers rich in cellu¬
lose only undergo this transformation after a
time. When starch which has been subjected
to a high température is treated with cold water,
the soluble starch, dextrin, and other products
of décomposition go into solution, and an or-
ganised residuum is left, which resembles the
form and structure of the original granule,
and contains small quantities of unchanged
granulose.

By dry distillation starch yields carbonic
anhydride, gaseous hydrocarbons, water, acetie
acid, and empyreumatic oil, and leaves a porous
cinder.

On distilling dry starch with lime in the
proportion of 1 to 4 it yields acetone, mesityl
oxide, a sériés of ketones, and various conden¬
sation products of acetone (Horvat, C. C. 1887,
38).

By distillation with manganèse dioxide and
dilute sulphuric acid it yields carbonic anhydride,
aqueous formic acid, and furfurol.

In the open lire it softens, swells up, evolves
choking vapours, and at last burns with a bright
flame.

Distilled with hydrochloric acid and man¬
ganèse peroxide, it yields, among other products,
trichlorinated acetio aldehyde and pentachlorin-
ated propionic aldehyde.

8. Action of hot water.—When starch is
brought into contact with hot water the contents
of the granules, owing to a large absorption of
water, swell up enormously ; and, at a tempéra¬
ture varying according to the variety of starch,
ultimately rupture the outer layer, forming a
viscous liquid which is known as ' starch paste.'

The différent varieties of starch gelatinise
with hot water at very différent températures,
as is seen in the following table recently pub-
lished by Lintner (Brauer und Malzer Kalendar,
1889), which gives the températures of complété
gelatinisation for the commoner varieties o(
starch :

Taule TTT.

Starcli from

Température at
which complété

gelatinisation takes
place

Potato 65°C.
Maize ..... 75°C.

Barley 80°C.
Wheat 80°C.

Bye 80°C.
Bice 80°C.
Kilned malt .... 80°C.
Green malt .... 85°C.
Oat 85°C.

This table gives the températures at which
the various starches gelatinise completely in
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the pure state. In the crude condition a much
liigber température is neeessary.

Under the action of boiling water the starch
granules do not ail swell up and burst at once—
the younger ones being attacked first, the older
last. This progressive action of heat can be
very well observed when potato starch has been
suspended in 12 to 15 times its weight of water,
and gradually heated on the water-bath ; hardly
any change is apparent up to 55°C., at 57°C. the
younger granules begin to show signs of rupture,
and as the température rises this proeess of
swelling and bursting of the contents through
the outer wall of the granule goes on increasing,
the earliest-formed granules being the last to
give way, until, at a température between 65-
70°C., a thick viscous liquid, of uniform eon-
sistency, is observed.

According to Bruckner (M. 4, 889), starch-
paste and granulose are identical, and no sharp
distinction can be drawn between swollen starch

granules and starch-paste ; thus at 46°C. potato-
starch swells distinctly, at 59° it begins to lose
its form, and at 62-5° it is converted into a paste
and shows no trace of its original form.

On cooling, starch paste contraets and be-
comes, when very thick, a firm solid mass, which,
after standing a short time, cracks ; its maximum
contraction is reached at the freezing-point,
when a séparation of the water and starch takes
place to a certain extent. Upon raising the
température, the water which had been frozen
out does not again combine with the starch, and
may be drained away, whilst the Consolidated
starch paste remains as a felty mass which,
when dry, has the appearance of mother-of-
pearl (Payen).

Wide différences in the viscosity of this paste
are observed, depending not only upon the variety
of starch employed, but also upon the treatment
to which the starch is subjected during the pro¬
cesses of purification and drying.

According to Brown and Héron (C. J. 35,
596), starch which has been treated with
dilute potash and acid in the proeess of purifi¬
cation produces a paste of less viscosity than
the same starch which has not been so treated ;
they also find that immense variations in the
consistency of the resulting paste are produeed
by slightly altering the nianner of drying. Thus
starch which has been dried slowly and at a
low température yields a more viscous solution
than if dried quickly at a higher température, as
is seen from the following experiments :—

No. I. Dried at 50°C. whilst very moist, and
afterwards at 100°C. for twenty-four hours.

No. II. Dried whilst very moist under the
air-pump at ordinary température, and after¬
wards in the air-bath at 100°C. for twenty-four
hours.

No. III. Dried under the air-pump, and
finished at a température never exceeding 30°C.
Table IV.—^Relative viscosity of the paste made

with the above samples, No. I. being taken as
unity :

No. 1 1-000
No. II 2-306
No. III 3-288

In these experiments the paste was made in
each case with three grms. of starch per 100 c.c. of

Vol. III.—T

water, but since the samples did not ail contain
quite the same amount of moisture the results
are corrected for equal weights of dry starch.
The relative viscosity of the solutions was
measured by the weight required to sink in them
a dise of very thin glass | of an inch in diameter.
From a manufacturing point of view these
experiments appear to the writer to possess a
considérable amount of importance, and would
be well worth carrying out on the large scale,
seeing that the technical value of a starch in
certain industries dépends entirely upon the
viscosity produeed by it when acted upon by
boiling water.

Potato starch is used in large quantities for the
sizing and stiffening of yarn and cloth, so that
it is of importance to the manufacturer to obtain
that sample of starch which will make the stiffest
cloth and which has the greatest tenacity. In
order to détermine this, the following method
has been recommended by Whewell (C. N. 39,
97) 28 grains of the sample of starch the
viscosity of which is to be determined are weighed
out into a two-ounce evaporating dish, and 26 c.c.
of distilled water added, and boiled, with con¬
stant stirring for three minutes. The resulting
starch paste is then poured into a conical-
shaped test-glass of one-ounce capacity. The
glass is shaken slightly to make the surface
of the jelly level, and then allowed to cool for
exactly two hours ; in a similar way 18, 20, 22,
24, and 26 grains of starch are gelatinised and
poured into exactly similar test-glasses, ail of
which are labelled respectively 18, 20, 22, 24,
and 26. At the end of this time a 100-grain
weight (|§ of an inch in diameter) is placed on
the surface of the jelly. If it is supported for
more than five minutes, it is placed successively
on each of the others until it sinks. By this
means the viscosity is obtained to within 1 grain.
The intermediate number will then be found to

support the weight for exactly the right time.
The number of grains required is termed the
viscosity. Thus if the viscosity of one sample
is 18 and the other 28, it means that it requires
28 lbs. of one sample to give the same stiffness
as 18 lbs. of the other.

As has already been stated, starch-paste is
composed of granulose, which very probably
exists in a state of true solution, forming an
intensely viscous liquid, and starch cellulose,
which remains insoluble. The spécifie gravity
of starch-paste, as determined by Brown and
Héron, is 1-66 at 15"5°C. It is one of the most
perfect colloids known, and, since its solution-
moleeule is extremely large, its passage through
the fine pores of filter-paper is very difficult. It
rotâtes a polarised ray of light strongly to the
right, but owing to the want of transparency in
the liquid the détermination of its spécifie rota-
tory power is exceedingly difficult, it being im¬
possible to obtain good observations with solu¬
tions of even very pure starch containing more
than 1 grm. of substance per 100 c.c. The mean
of Brown and Heron's observations fromsolutions
of this strength give aj = 208°, but it is possible
that this number is too high, owing probably to
the presence of a small portion of soluble starch,
which evidently possesses a higher rotation, for
the ahove authorities state that if a dilute solu¬
tion of starch-paste (1 grm. per 100 c.c.) be
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boiled for thirty minutes the liquid beeomes
much more transparent, and at the same time
an increase in the rotation is observed.

9. Soluble starch. Under certain circum-
stances starch undergoes a peculiar modifica¬
tion, by which it is rendered eompletely soluble
in water, from which it can be preeipitated
as a brilliant white flocculent substance by
alcohol, or if the solution be somewhat con-
çentrated and allowed to stand some time, a
white granular precipitate slowly separates out.
But no matter how slowly it may be preeipi¬
tated from its solution, it is always found under
microscopie observation to be made up of minute
partieles, entirely without structure and without
action on polarised light. Although but spar-
ingly soluble in cold water (not more than 2 or
3 grms. per 100 c.c. ever going into solution), it
readily dissolves in water at 60-70°C., and sepa¬
rates out again on cooling as a white flocculent
amorphous precipitate. To this substance has
been given the name of ' soluble starch.'

When starch-paste is largely diluted with
water and boiled for some considérable time, a
portion of it goes into solution, and may be
easily filtered off. A similar reaction may be
brought about more rapidly if starch with about
ten times its weight of water be heated under
pressure up to 130-150°C. (Stumpf, B. C. 1880,
457). Undertheseconditions, the greaterportion
of the starch is rendered soluble.

The same effect may be brought about by
treating potato starch with a 5-10 p.e. solution
of hydrochlorie acid for seven to ten days
(Lintner, J. pr. 34, 378, 1886) ; the starch
granules are then washed until free from acid,
and, on treating with boiling water, dissolve up
eompletely without the production of the usual
viscid paste. This extraordinary change in the
properties of the granules is not accompanied
by the slightest change of structure, and the
altered granules have the same appearanee under
the microscope and the same influence on polar¬
ised light as the unaltered starch.

Soluble starch may be prepared, according to
0'Sullivan, as follows: Starch-paste is acted on
with the least possible quantity of the cold
water extract of malt, previously heated to 75°C.
for thirty minutes, or with diastase solution, or
with dilute sulphuric acid (sp.gr. 1120) at 75°C.,
and further action stopped as soon as ever
limpidity is produeed by raising the liquid
quiekly to the boiling-point if diastase or malt
extract be employed, or by adding barium car¬
bonate if sulphuric acid has been used, until
neutrality is produeed. The liquid is then fil¬
tered bright and evaporated until a slight skin
begins to form on the surface ; when the soluble
starch falls out on cooling as a brilliant white
precipitate. This is allowed to rest for a few
days, and then treated with cold water, with
which it is washed well upon a filter. It is
purified by dissolving it in as small a quantity
of boiling water as possible, and again filtering,
if necessary using a hot-water funnel. On
cooling, the soluble starch separates from the
filtrate as before.

Perhaps the readiest way of preparing soluble
starch is that reeommended by Zulkowski(C. C.
1888, 1060), who finds that starch dissolves in
hot glycerin and is converted into the soluble

modification ; this, in turn, if the action be
continued, becoming transformed into erythro-
dextrin and achroodextrin, with the production
at the same time of reducing sugars. 60 grms.
of dry potato-starch are heated for half an hour
with 1 kilogramme of glycerin at a température
of 190°C., then cooled down to 120°C., and the
soluble starch preeipitated by the addition of two
or three times its volume of strong alcohol. If
necessary, the precipitate may be further puri¬
fied by dissolving again in the smallest possible
quantity of boiling water, and reprecipitating
therefrom with 90 p.c. alcohol.

Pure soluble starch prepared by any of these
methods when in solution rotâtes a polarised
ray of light strongly to the right. Its spécifié
rotatory power is for [a]j^ 222-0°, [a]D - 200-4°,,
or for 3-86 divisor [a]j = 216-0°, [o]D = 195-0° (s.
Saccharimetry, art. Scgae). It has no action
whatever on Pehling's solution, and, like starch-
paste, its solution is coloured an intense blue with
iodine.

10. Action of alkalis. When a moderately-
strong solution of potassium or sodium hy-
droxide is added to starch paste, the previously
opalescent liquid is rendered perfectly trans¬
parent without any altération taking place in
its viscosity. This increase in transparency is
due to the solution of the suspended starch
cellulose by the alkali. The spécifie rotatory
power is at the same time considerably lowered,
but résumés its original value if the alkali be
neutralised by acetic acid. These facts point
to the production of a definite compound of
starch with potash or soda. An interesting
feature in this reaction is that, after acidi¬
fication, the solution remains transparent, and
possesses ail or nearly ail the viscosity of the
original starch-paste (Pfeiffer and Tollens, A.
1882, 285 ; Brown and Héron, C. J. 35, 596).

When starch is treated with an alkaline
solution the granules swell up and form an ex-
ceedingly tough viscous mass, which readily
dissolves in water, forming a solution in no point
differing from that produeed by the action of
alkali on starch-paste.

Symons (Ph. [3] 13, 237) has investigated
the process of swelling of starch granules under
the action of heat at différent températures, and
of alkaline solutions of varying strengths, and
concludes that the process of swelling through
the action of these widely-differing agents is one
and the same, and, as a resuit of his experiments,
proposes a method whereby the several varieties
of starch may be detected by their behaviour
with dilute alkaline solutions of definite strength.

The most suitable are solutions of caustic
soda of 0-5-1-5 p.c. 0-1 grm. of the starch is
repeatedly stirred up with 1 c.c. of the particular
soda solution, and, after ten minutes, examined
under the microscope.

Ammonia solution, either dilute or concen-
trated, has no action whatever on starch or on

starch-paste.
If a trace of starch be added to a solution of

a sait of ammonia, and then a solution of sodium
hydroxide drop by drop, the starch remains un-
changed until the whole of the ammonia sait
has been decomposed ; but the least excess of
soda causes immediately an expansion of the
starch granules.
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The following tables give the results of
Symons' experiments for various starches :—

Table V.—Action of hcat on starch granules.

Variety of
starch

Orrler of
relative
size of

granules

Few
granules
swollen

at

Majority
of

granules
swollen

at

Ail
granules
swollen

at

CC. °C. °C.
Potato. . . 2 55 60 65

Cassava . . 7 53 63 68
Natal . . . 4 58 65 70
IVheat. . . 5 60 65 70
Tous-les-mois 1 65 68 72
Bermuda . . 4 62 69 73

Sago . . . 3 64 68 74
Maize . . . 6 65 70 77
Oat . . . . 8 65 70 77
St. Vincent . 4 66 73 77
Bice . . . 9 70 75 80

Table VI.—Action of dilute NaUO on starcli
granules.

Variety of
starch

Order of
relative
size of

granules

Few
granules
swollen

with

Slajority
of

granules
swollen
with

AU
granules
swollen

with

p.c.lfaHO p.c.lVaHO p.c.NaHO
Potato. . . 2 0-6 0-7 0-8
Oat. . . . 8 0-6 08 1-0
Natal . . . 4 0-7 0-8 1-0
Tous-les-mois 1 0-7 0-9 1-0
Wheat. . . 5 0-7 0-9 10
Bermuda . . 4 0-8 0-9 1-1
Sago . . . 3 0-8 0-9 1-1
Maize . . . 6 0-8 1-0 1-1
Cassava . . 7 0-8 1-0 1-1
St. Vincent . 4 0-9 1-0 1-2
Bice . . . 9 1-0 1-0 . 1-3

Starch exhibits a peculiar reaction with am¬
moniacal copper solution. Dry starch readily
absorbs cuprie oxide frorn ammonio-cupric oxide
solution, and decolourises the liquid, the action
being more rapid if the starch Iras previously
been slightly moistened. Starch paste acts in a
similar manner. A deep-blue compound is
formed, from rvhich water, and even dilute am-
monia, remove only traces of copper. Kepeated
washing, however, with strong ammonia even-
tually removes every trace of copper (Guignet,
C. E. 109, 528).

Dilute hydrochloric acid immediately décom¬
posés this compound, forming chloride of copper,
which may be readily removed by rvashing with
rvater, leaving the starch granules intact.

After prolonged digestion with strong am¬
monia in the cold, the granules swell up and
become converted into the soluble modification.

On heating the compound of eupric oxide
and starch with water at 80°C. the starch gela-
tinises, forming with the cupric oxide a beautiful
blue viscous liquid.

Starch possesses the property of combining
with other bases than sodium and potassium.

If to the transparent colourless jelly formed by
acting on starch with sodium hydrate, a 7 p.c.
aqueous solution of calcium chloride be added,
double décomposition takes place, and a thick,
white, insoluble mass is formed, which is a com¬
pound of starch with calcium. A sériés of com-
pounds of starch with other bases may similarly
be formed, in which the starch cannot be detected
by means of iodine. The starch in such com-
pounds is, however, immediately set free by acids
(Payen).

Starch is completely precipitated from a
dilute aqueous solution by a solution of lime in
sugar-syrup. The composition of the preeipitate
varies according to the quantity of .lime added.
With baryta and strontia water similar corn-
pounds are formed (C. J. Lintner, Zeit. angew.
Chem. 1888, 232).

11. Action of acids. A swelling of the starch
granules, similar to that oeeasioned by sodium
or potassium hydrate, is produced immediately
by ail minerai acids, and by some organic acids,
tartaric and eitric acids, after being in contact
for some time. No swelling is produced by
acetie or oxalic acids, no rnatter how concen-
trated their solutions may be.

When air-dried starch is triturated with con-

centrated sulphuric acid considérable heat is
evolved, and, after a short time, complété car¬
bonisation takes place. If, however, the starch
be previously freed completely from moisture,
on addition of the acid the granules swell up
and form certain mucilaginous compounds of
the général formula C6»H1„„î05„_I(S0J)I, which
are soluble in water, and rotate aray of polarised
light strongly to the right. When boiled with
alcohol they lose ail the sulphuric acid, leaving
a modified form of starch. Upon neutralising
the aqueous solution with bases, uncrystallisable
salts are formed (Hônig and Schubert, M. 6,
768).

When diluted sulphuric acid 1:2 to 1:4 is
added to air-dried starch, a swelling up of the
granules takes place, and the mass becomes
thick and viscous. On standing some hours the
viscosity disappears, the iodine reaction showing
the presence of soluble starch only; but on
standing for some days this becomes gra-
dually hydrated to maltose, and finally to dex¬
trose.

Nitric acid yields with starch various pro-
ducts, depending on the strength of the acid,
température, and duration of the action.

When starch is boiled for some time with
moderately concentrated nitric acid (sp.gr. 1-200)
it is completely converted into oxalic acid.
Cold concentrated nitric acid (sp.gr. 1-520) added
to starch causes the granules to swell up, first
into a viscous mass, which after a short interval
becomes quite limpid ; if now water be added to
this solution, according to Braconnot (A. 7, 245),
a white powder is precipitated which when dry
explodes upon being struck. This substance has
been termed xyloïdin, and has the same com¬
position as the corresponding compound of cel¬
lulose.

If, however, the solution of starch in nitric
acid be allowed to stand, water précipitâtes less
and less of xyloïdin, and at last none, whilst a
substance resembling saccharic acid remains in
solution (Pelouze, C. E. 7, 713).
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Strong hydrochloric acicl added to dry starch
causes the granules to swell up, and in a very
short time to becorne a thiek, semi-translucent,
viseous mass. If to this a large quantity of cold
water be added, a milky fluid results, which con-
sists entirely of the soluble modification. If,
however, the swollen mass be allowed to remain
for a few days, the soluble starch will be found
to have entirely disappeared, whilst at the same
time the viseous mass becomes perfectly limpid,
and separates into two layers, the lower one con-
sisting of the products of décomposition of the
granulose—namely, achroodextrin, maltose, and
dextrose—whilst the upper layer consists exelu-
sively of starch cellulose.

As a matter of fact, very little work appears
to have been done with respect to the action of
minerai and organic acids on raw starch ; and
further investigation in this branch of the sub-
ject is much to be desired.

If, however, the action of very dilute (1-2
p.c.) minerai acids, such as sulphuric or hydro¬
chloric, upon ungelatinised starch in the cold be
allowed to continue for some considérable time
(two months or more), the granules gradually
become disintegrated, a portion becoming con-
verted into dextrose and going into solution,
whilst the residual substance retains little or

nothing of the original form of the starch
granule. Concurrently with these changes, the
iodine reaction undergoes considérable modifica¬
tion, the original deep-blue colour gradually
giving place to purple, and this, through reddish-
purple and reddish-brown, to a pale yellowish-
red, which is not further modified, even if the
starch remain in contact with the acid for some

years. This residual substance, after being
washed with cold water until free from acid, is
completely soluble in hot water, from which it
may be precipitated by alcohol in the form of
a brilliant white powder, which is highly crys-
talline in appearance when the précipitation
has taken place slowly. This, under the micro¬

scope, is seen to consist of sphœro-crystals
made up of thin needles or plates arranged
radially, and so closely resembling the sphœro-
crystals of inulin that the two substances cannot
be distinguished by microscopical examination
alone. This substance has been termed amylo-
dextrin by Nageli. It gives an intense reddish-
brown eolouration with iodine (Brown and
Morris, C. J. 55, 449).

The further action of acids on starch
difiers very considerably according to the de-
gree of concentration, température, and pres¬
sure.

When starch is heated to boiling with very
dilute acids (2 p.c.), little or no formation of
paste takes place, the starch being rapidly con-
verted first into soluble. starch, then into dextrin
and maltose, and, if the action be sufficiently
prolonged, finally into dextrose. If this action
be stopped at various stages by neutralising the
acid with calcium or barium hydrate, and the
filtrâtes examined at a very early period, the
liquid will be found to consist almost entirely of
a solution of soluble starch. Later on, this dis-
appears, giving rise to dextrin and maltose ; and,
according to Brown, Morris, and Moritz (Eng.
Pat. 19,003, 1889), to a sériés of intermediate
bodies known as maltodextrins. A little later,
dextrose makes its appearance, and this con¬
tinues to increase at the expense of the maltose
already formed, the dextrins and maltodextrins
being successively hydrated to this body, until
finally dextrose only is found in solution. If,
however, the action be carried to this extreme
point, the dextrose in its turn is acted upon by
the acid, giving rise to condensation products,
caramel, and other humous substances (Valentin,
Jour. Soc. Arts, 24, 404 ; Scheibler and Mittel-
meier, B. 23, 3060).

At higher températures than 100°C., or under
pressure, the above changes take place very
rapidly. The following table gives some idea of
these relative changes :—

Table VII.—Action of sulphuric acid (dilute) on starch at différent températures.
Time Colour of solution Iodine reaction !°1D3-86 E3-86

Sériés A —2 p.c. acid. Température, 150°C.
30 secs. None Bull brown, trace of starch 142-2 42-3

2 mins. None Brown 87-2 62-2
5 „ Slight None 61-7 89-1

10 „ Much — 56-8 81-2
30 „

— — 54-3 71-6

Séries A —2 p.c. acid. Température, 125°C.
2 mins. None Blue Ail soluble starch
5 „ None Brownish-violet 163-0 29-2

10 „ None Brown 128-6 55-4

Sériés B —1 p.c. acid. Température, 150°C.
30 mins. None Bull brown 152-6 32-2

3 „ None None 83-5 59-6
5 „ Light-straw — 61-1 78-7

Sériés B —1 p.c. acid. Température, 125°C.
10 mins. None 153-4 34-3
20 „ None — 118-5 55-6
30 „ None — 97-2 69-7
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Tir,le VIII.—Action of varions acids on starch
at 150°C.

Acid Time ["IDS-SG ks-as

•25 p.c. Sulphuric 10 mins. 138-9 38-2
•25 p.c. Iîydrochloric. 10 „ 60-6 84-1
2 p.c. Phosphoric 10 „ 117-8 55-1
1 p.c. Tartarie . 20 „ 170-3 24-6
1 p.c. Oxalic 10 „ 94-4 76-5
1 p.c. Acetic 30 „ No action

12. Action of chlorine, bromine and iodine.
Chlorine gas has no action on starch granules
either in the dry state or when moistened with
water, but when passed through thin starch
paste for some hours the viscosity disappears,
the greater portion of the granulose becoming
converted into soluble starch and erythrodextrin ;
this action takes place slowly in the cold, but
quickly at a high température.

Bromine colours starch granules yellow, but
does not seem to form any definite compound,
as the yellow colour disappears on repeatedly
washing the granules with water.

Very little action is produeed on starch
paste by bromine in the cold, but if heated on
the water-bath for some time the starch paste
is liquefied and converted into the soluble form.

The most eharacteristic réaction for starch,
wkerever it occurs, is the production of a deep-
blue colouration with a solution of iodine. This
colouration is imparted by the iodine to the
granulose in the intact starch granules as well
as when in the condition of starch paste and
of soluble starch. This iodine reaction was dis-
covered as far back as the year 1813 by Stro-
meyer, and has been the subject of much inves¬
tigation since then.

When an aqueous solution of iodine is added
to starch paste a most intense deep indigo-blue
colouration is produeed. This blue colouration—
wkich is a most eharacteristic test for starch,
not being produeed by any other known body—is
due to the formation of a definite chemical
compound, or probably more than one com¬
pound, of iodine and starch granulose, and is
provisionally termed iodide of starch.

It is best prepared by adding an excess of
iodine to a thin solution of starch ; iodide of
starch then separates out as a blackish violet
powder, which, when washed, to free it from
excess of iodine, and dried, présents the appear-
ance of a black shining mass exhibiting a eop-
pery lustre. Perfectly dry iodide of starch may
be heated for several days to a température of
100°C. without undergoing décomposition ; it
rnay, therefore, be regarded as a very stable body.
In the presence of moisture, however, it is de-
composed, with, if heated in closed vessels,
formation of hydriodic acid, whilst, if it be
heated in open vessels, part of the iodine is
volatilised, the remainder being converted into
hydriodic acid.

Iodide of starch is also fonned when dry
starch and an alcoholic solution of iodine are

triturated in a mortar, provided the alcohol con-
tains water ; with absolute alcohol a brown
colour is produeed, wnich, on addition of water,
changes to blue. Iodide of starch is not formed

when iodine vapour is passed over dry starch,
but by using moist starch the iodide is formed ;
from this it would appear that water is neces-
sary to the formation of iodide of starch (Stocks,
C. N. 56, 212 ; 57, 183).

It is also formed by the action on a mixture
of potassium iodide and starch paste of such
reagents as liberate iodine from its compounds.
Such are chlorine, bromine, nitric acid, strong
sulphuric acid, ferrie chloride, potassium per¬
manganate, &c., ail of which cause the eharac¬
teristic blue colour to appear. The blue colour
of iodide of starch is destroyed in presence of
excess of chlorine or bromine, owing to the
formation of chloride or bromide of iodine.

Starch granules have a greater attraction for
iodine than unorganised starch. Hence a cold
clear solution prepared from erushed starch
granules, and coloured blue by iodine, is com-
pletely decolourised by adding whole starch
granules ; similarly starch granules attract
iodine more energetically than dextrin (Bruck-
ner, M. 4, 889-912).

Iodide of starch is soluble only in a large
quantity of water, but as ordinarily prepared
from starch paste it is an opaque mass, and
when examined under the microscope présents
the appearance of blue flocculent masses of the
iodide lloating about in the liquid portion. In
this state the blue colour is destroyed by beat
(Stocks, C. N. 56, 212 ; Tomlinson, P. M. [5] 20,
168), but the change is graduai, the liquid be¬
coming first greenish, then yellowish, and finally
colourless, and if at this point it be allowed to
cool the blue colour does not again appear,
although it does so if the heating be discon-
tinued at the yellowish stage and the liquid be
allowed to cool ; this decolourisation is due to
the formation of hydriodic acid.

When iodide of starch does not contain an

excess of iodine, alcohol, ether, carbon bisul-
phide, or benzene fail to extract any iodine from
it ; if, however, the iodide be heated with alco¬
hol it becomes rapidly decolourised, ethyl iodide
being formed at the same time.

13. Action of other reagents. Potassium
permanganate exercises a powerful reducing
action on starch, but instead of dextrin a sériés
of gummy acids are produeed, which reduce
Fehling's solution only to a very slight ex-
tent. Powdered potassium permanganate is
added to a 2| p.c. starch-paste ; much carbonie
acid is evolved, and manganic dioxide precipi-
tated. The solution is filtered, neutralised with
acetic acid, concentrated lead acetate added, the
resulting precipitate washed with hot water,
deeomposed with hydrogen sulphide, the solu¬
tion concentrated and poured into absolute
alcohol, when a curdy precipitate is formed.
This is washed with absolute alcohol and ether,
and dried in vacuo over sulphuric acid. The
bodies formed possess dextrorotatory powers,
which vary aecording to the quantity of perman¬
ganate employed, and give reactions with iodine
from reddish-violet, through reddish-brown, to
brown. The elementary analysis of a product
which was not coloured by iodine agreed with
the formula C]2H2;On,C12H2ûO10 (Lintner, Zeit.
ang. Chem. 189Ô, 546).

Tannic acid gives a flocculent leathery pre¬
cipitate with starch paste, as well as with
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soluble staroh, whiçh is soluble in boiling water
but is reprecipitated on oooling.

14. Actioyi of enzymes. It lias long been
known that certain enzymes—or, as they are
more generally termed, the soluble or un-
organised ferments—exert a most powerful action
on gelatinised starch, as well as on some of the
varieties of starcli in the raw state. Of these,
the most active are the diastase of malted barley,
the saliva, and the pancreatic juice.

If the action of a solution of any one of these
ferments on starch-paste be watched, the very
first eiïect produced will be complété liquéfaction
of the paste, and the production, in an incredibly
short space of time, of a perfectly limpid liquid.
At this instant, if the liquid be tested with iodine,
a reaction for pure soluble starch may be ob-
served ; immediately following this cornes the
saccharification of the soluble starch. The blue
colour produced by iodine disappears, giving
place to a reddish-brown colour, indicating the
presence of erythrodextrin, which in turn becomes
transformed into acliroodextrin, when iodine
ceases to impart any longer a colour to the liquid.
At the same time,. concurrently with the disap-
pearing of the starch, the proportion of sugar
goes on increasing, and continues to do so for a
considérable time after the iodine has ceased to
show any réaction.

Although starch in some form or other enters
so largely into the food of man and beast, it was
not until early in the présent century that it re-
ceived any attention frorn the hands of chemists.
Since that time, however, much attention has
been bestowed upon the changes which it under-
goes under the influence of heat, acids, and
certain vegetable and animal extracts, and much
valuable information has resulted therefrom.

Considering the very important part which
starch plays in several industrial processes on
the one hand, and how a careful study of its
various transformations serves to throw very
considérable light upon many questions con-
nected with vegetable, as well as animal, physio-
logy, it will, perhaps, not be altogether out of
place to give, as briefly as possible, a history of
the transformations of starch from the earliest
up to the présent time.

15. Histwy of starch transformations. In
the year 1811 Yauquelin discovered that when
starch is heated to a high température it is
converted into a substance completely soluble
in water, and which resembles gum arabic in
many of its physieal properties. . In the follow¬
ing year Yogel found that a similar substance
is formed when starch is acted upon by hot
dilute acid. About the same time, Kirchoff dis¬
covered that starch, when boiled with dilute
sulphuric acid, yields a crystallisable sugar ; and
two years later, in 1814, the same chemist ob-
served that a similar transformation is brought
about by the action of the vegetable albumin
of grain, and also that the action of this sub¬
stance is much intensified by subjecting the
grain to the malting process.

The gummy substance produced from starch
by the action of dilute acid was first carefully
examined in 1833 by Biot and Persoz, who gave
to it the name of dextrin, from the property
which it possesses of rotating a polarised ray of
light strongly to the right.

Biot and Persoz did not look upon dextrin a3
a décomposition product of starch, but considered
it rather as consisting of the contents of the
starch granules freed from their outer eoating by
the action of the acid. Payen and Persoz—sharing
the same view as to the formation of dextrin
from starch by the action of an infusion of
malted grain, and which they attributed to the
presence of a particular transforming agent—
named it diastase, from its supposed property of
separating the interior of the starch granules
from their outer envelope. Thèy were the first
chemists who prepared dextrin from starch by
the action of diastase, and describe it as a sub¬
stance soluble in cold water and in weak alcohol,
and as not coloured by iodine. A few years
later Payen stated that the spécifie rotatory
power of his dextrin was equal to that of starch,
and that its elementary composition was indi-
cated by the formula CuH,0O5.

He also came to the conclusion that the
dextrins produced by the action of dilute sul¬
phuric aoid, diastase, and heat respectively were
simply physieal modifications of one and the
same, substance.

Up to the year 18G0, dextrin was considered
as occupying an intermediate position between
starch and sugar, the starch being first con¬
verted into dextrin, and this, by subséquent
hydration, into sugar. But at this period, Mus-
culus brought forward evidence to prove most
eonclusively that dextrin and sugar are not
successively formed products, but are produced
simultaneouslv by a splitting up of the starch
molecule. This theory, which met with strong
opposition at first, is now generally admitted to
be in the main correct.

The dextrin described more in détail by
Museulus in 1865 was a body not coloured by
iodine, and did not reduce Fehling's solution.
It now began to be recognised amongst chemists
that tliere are at least two dextrins derivable
from starch—the one coloured red by iodine,
and the other giving no colouration with that
reagent. These were described by Griessmayer
in 1871 as dextrin I. and dextrin II., and in the
following year O'Sullivan distinguished them as
a and 0 dextrin. These are now more generally
referred to as erythrodextrin and achroodextrin
respectively, naines first proposed by Briicke in
1872 as indicative of their behaviour with
iodine.

In a sériés of most interesting and important
researches extending from 1872 to 1876 (C. J.
25, 579 ; 29, 479 ; 30, 125), O'Sullivan proved
most satisfactorily that the sugar produced by
the action of diastase or acid on starch is not,
as liad up to this time been generally supposed,
dextrose, but is a sugar of-the saccharose type,
having a considerably higher spécifie rotatory
power tlian dextrose, and a much less reducing
action upon Feliling's solution.

This body had been previously isolated, as
far back as the year 1819, by De Saussure, who,
however, merely described its crystallineappeai-
ance. It was prepared in 1847 by Dubrunfaut,
who, from its optical properties, recognised it as
a distinct sugar and named it maltose. His
observations, however, obtained but little notice
at the time of their publication, and appear to
have been entirely forgotten until the re-disco-
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very of maltose by O'Sullivan in 1872 (C. J.
25, 579). This investigator also gave the re-
sults of his examination of the dextrins pre-
pared by the action of diastase and of acid
upon starch. These results ied him to the
conclusion that the dextrins from both sources

possess the same spécifié rotatory power of
(«]j= +213°, and have an elementary composi¬
tion corresponding to the formula C6H10O5,
and although he did not succeed in obtain-
ing any of the dextrins absolutely free from
-a reducing action on Fehling's solution, yet
be adduced good evidence to show that in a
state of purity they would possess no reducing
action. Both of these dextrins are slowly con-
verted into maltose by the action of diastase.

In 1875 Bondonneau, apparently unaware of
the previous work of O'Sullivan, describedthree
dextrins, which he dénotés as a, y3, and y dextrins
respectively. The first of these corresponds to
■O'Sullivan's a dextrin and Briicke's erytliro-
dextrin, whilst /3 dextrin appears to be an
achroodextrin. Both of them possess a much
lower spécifie rotatory power than O'Sullivan's,
doubtless owing to not being as eompletely puri-
iied. Tliere can now be no doubt that his y
dextrin was nothing more or less than maltose,
and as Bondonneau regarded the reducing sugar
formed throughout to be dextrose, it is easy
to understand that he should fall into such an

•error with regard to his y dextrin.
The properties of dextrin and maltose having

been thus definitely established, and it having
.been shown conclusively that these two sub¬
stances were the only products obtained by the
action of diastase upon starch paste under
ordinary conditions, the attention of investiga¬
teurs was turned to the influence of time and
température upon the reaction by which these
substances are produced, so that in the history of
■starch transformation a new field of research
was opened up in 1876 by O'Sullivan (C. J. 30,
125). Aceording to this investigator, starch
■granules which are intact are unacted upon by
diastase or the cold water extract of malt ; gela-
tinised starch, however, either in the cold
or at températures up to 72°C. is readily trans-
formed. He also established the fact that
the transformation of starch into dextrin and
maltose is not a graduai act of hydration, the
dextrin appearing first and the maltose after-
wards, but that the two bodies are formed
simultaneously, and in certain proportions ac¬
eording to the conditions under which the starch
molecule splits up. On this assumption, the
■splitting up of the starch molecule by dia¬
stase takes place aceording to certain definite
équations, the relative proportion of the décom¬
position products depending upon the tempéra¬
ture at which the transformation takes place, so
that, starting with soluble starch, it is possible
to obtain a sériés of équations, each succeeding
one containing a molecule less of dextrin and a
molecule more of maltose than the one irnme-
diately preceding it until we arrive at the final
équation. Aceording to O'Sullivan, the following
réactions take place :—(a) When starch is acted
■on by malt extract at any température below
63°C., if the solution be immediately (five to ten
minutes) cooled and filtered, the product in-
variably contains maltose and dextrin in pro¬

portions closely agreeing with 67-85 per cent, of
the former and 32-15 per cent, of the latter ;
K = 44-1,[a]j = 170-6°, and this reaction is repre-
sented by O'Sullivan's équation A.

(C12H28Ol8)s + 4H20 = (0I2H2!011)4 + (C12H2„O,0)2.
Starch Maltose Dextrin

(£>) When starch is acted on by malt extract at
any température between 64°C. and 68-70°C., if
the solution be immediately cooled and filtered
the product invariably contains maltose and
dextrin in proportions agreeing closely with
34-54 per cent, of the former and 65-46 per cent,
of the latter; K = 22-4, [a]j = 191-8°, and corre¬
sponding to the équation B.

(C12H2„O10)8 + 2H2O = (C12H2A,)2+ (C,2H20010)4.
Starch Maltose j8 Dextrin

(c) When starch is acted on by malt extract
at températures from 68-70°C. to the point at
which the activity of the transforming agent is
destroyed, if the solution be cooled and filtered
at the end of five to ten minutes, the product
contains maltose and dextrin in proportions
agreeing closely with 17-4 per cent, of the for¬
mer and 82-6 per cent, of the latter; K = ll-3, [o]j
= 202-8°, and corresponding to équation C.

(Ci2H2„O,0)6+H2O=C.AA, -i- (^i2®-2oOio)5*
Starch Maltose a Dextrin

O'Sullivan considère that the formula for soluble
starch must be at least six times the C,2H2„0,„
molecule, and that it, as well as the dextrins
which are produced from it by the action of
diastase, are a sériés of bodies of the same moie-
cular weight in which the différence in their
behaviour to this agent must be accounted for
by a différence of relation in the arrangement of
the molécules to one another, probably in solu¬
tion alone.

In 1879 Brown and Héron (C. J. 35, 596),
whilst confirming to a large extent O'Sullivan's
results, came to the conclusion that the transfor¬
mations of starch are to be represented by at least
ten équations, of which they considered that their
experiments substantiated at least four well-
defined molecular transformations, by far the
best-defined and most stable being the réaction
obtained when starch paste is heated with malt
extract at 60°C. for thirty minutes,

1^3*86= 49*3, [a]j3.8s = 162*5°
The next fixed point is that of the disappear-

anoe of the iodine réaction for erythro-dextrin
when starch paste is transformed with malt
extract heated to 66°C. This takes place when
E3.B6 = 25-0 and Mj3.86 = 188'5° or thereabouts,
and is very constant with varying quantities
of malt extract.

The next strongly-marked reaction is that
obtained with malt extract heated to 75°C., the
numbers obtained being K3.SB = 18-9, [ct]j3.8S
= 195-196°.

The highest stable transformation is obtained
by the action of malt extract heated to 66°C. and
made very slightly alkaline with sodium hy-
droxide, the same reaction being also marked
in ail transformations above 66°C. by the
appearanee of the maximum iodine colouration
for erythrodextrin, the numbers for this trans¬
formation Kj.so = 12-7 and [a]j3.88 = 202-203° are
very nearly those of O'Sullivan's équation C.

It was also found that when higher conver¬
sions are treated with unheated malt extract at
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50-60°0. they are very rapidly eonverted into
the lower form K3.8B49-3°, [a]j3.8s = 162-5, at which
points these factors remain for a time constant.

Brown and Héron eonclude that the dextrins
are not metameric but polymeric bodies ; those
corresponding to transformations o£ high optical
activity being of greater molecular complexity
than those yielded by transformations of lower
optical activity, the latter being produced from
the former by a partial act of hydration with
conséquent élimination of maltose. About the
same time Musculus and G-ruber (Bull. Soc.
Chim. 30, 69) brought forward a similar tbeory.
They look upon starch as a polysaecharide,
having for its formula n(C12H,0O10), and under-
going under the influence of diastase succes¬
sive hydrations and décompositions.

As the resuit of their experiments Brown
and Héron were led to adopt the formula
10(CI2HmO10) for soluble starch.

The first action of the transforming agent
upon this complex and unstable molecule résulta
in the removal by hydration of one of the groups
of Cj2H20O10, thus producing maltose, whilst the
remaining nine groups, C]2H2„0|„, constitute the
first'dextrin of the sériés, erythrodextrin a. This
dextrin, in its turn, on further hydration splits
up into a molecule of maltose and erythro¬
dextrin 0, consisting of eight C12H20O|0 groups,
and so in this way the dégradation of the original
molecule proceeds, until by successive stages of
hydration the lowest équation is reached. The
following table represents these transforma¬
tions :—

Table IX.

Ko. of Transformation Maltose Dextrin laljS'86

Soluble Starch .... 0 0 216-0 0

Equation 1 .... 10-4 89-6 209-0 6-4
»» 2 .... 20-8 79-2 202-2 1-2-7
>» 3 .... 31-0 690 195-4 18-9
»» 4 .... 41-3 58-7 188-7 25-2
»> 5 .... 51-3 48-7 182-1 31-3

6 .... 61-1 38-9 175-6 37-3 ;
il 7 .... 71-0 29-0 169-0 43-3
a 8 .... 80-8 19-2 162-6 49-3
a 9 . . . ' . 90-3 9-7 156-3 55-1

Maltose 100-0 0-0 150-0 61-0

In 1879 Herzfeld (B. 1879, 2120) found that
in addition to maltose and dextrin a third body,
maltodextrin, was under certain circumstances
formed by the action of diastase upon starch
paste. This body was regarded by him as being
intermediate between achroodextrin and maltose,
but insoluble in alcohol of 90 p.c., and com-
pletely fermentable by yeast, possessing a spéci¬
fie rotatory power [a]j = 171-6, K = 23-5. This
body has been further investigated by Brown
and Morris (C. J. 47, 527). They find that when
the action of malt extract on starch paste
is limited there is always found amongst the
produets of transformation, besides maltose and
dextrin, a third body which is more soluble
in alcohol than the dextrins, and has a spécifie
rotatory power of [a]j3.86 = 193-1 and a cupric
reducing power of K3.86 = 21T, corresponding to
an apparent composition of 34-6 p.c. maltose
and 65-4 p.c.dextrin. It is eompletelyhydrated to
maltose by the action of malt extrâct at 50-60°C.

Maltodextrin is not fermentable by yeast
(S. Cerevisiœ of the high fermentation), but is
slowly hydrolysed into maltose and thus rendered
fermentable by certain forms of saccharomyees
of the secondary fermentation (S. Pastorianus,
S. ellipticus). Brown and Morris consider that
maltodextrin is not, as supposed by Herzfeld, a
mere hydration product of achroodextrin, but
that it is produced from starch and the poly¬
meric dextrins by the fixation of a molecule of
water upon the ternary group (C12H.,,0|„)3, of
which there cannot be less than five in the
starch molecule, which results in the séparation
from the dextrin residue of maltodextrin

/ c12h22o„
l(C]2H20O,0)2

This by the fixation of two more molécules of
water gives rise to freely fermentable and
erystallisable maltose.

Further experiments in connection with this
subject have induced Brown and Morris to alter
their views with regard to the dextrins (C. J.
53, 610; 55, 450, 462; Trans. Lab. Club. 3,
81), which they consider are, after ail, not
polymeric but metameric, and from their in¬
vestigations they have built up the following
hypothesis, which appears to them to be more
in accord with the facts than any other yet
propounded.

The starch molecule may be pictured as con¬
sisting of four complex amylin groups arrange!
round a fifth similar group constituting a mole¬
cular nucleus.

The first action of diastase is to break up
this complex group and liberate ail the five
amylin groups. The central amylin nucleus,
conséquent on a closing up of the molecule,
withstands the further influence of hydrolysing
agents, and constitutes the stable dextrin of
No. 8 équation. The four outer amylin groups
are capable, when liberated, of being rapidly and
completely eonverted into maltose by successive
hydrolysations through a sériés of amyloïns or
maltodextrins, the number of which is only
limited by the size of the original amylin group.
This theory, which has not by any means
gained universal acceptance amongst chemists
who have studied the subject, appears, according
to Brown and Morris, to embrace and explain
ail the known facts in connection with starch
transformation.

Perhaps it is as well to call attention here
to the fact that ail the work mentioned above
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bas been carried out with carefully purified
potato starch, but it has been ascertained that
similar experiments made with widely differing
starches—such as maize, riee, wheat, arrowrbot,
sago, barley, and various other starches—practi-
caUy yield the same analytical resuits when

AU the known digestive ferments belong to
the class of soluble or unorganised ferments,
and of these the properties of only seven are
anything like accurately known up to the présent.
Only two appear to have any very marked action
upon starch—these are the diastases of the
saliva andof the pancreatic juice. The action of
these diastases upon raw starch and upon starch
paste is very similar to that exercised by the
diastase of malt, with the exception that in ad¬
dition to dextrin and maltose, dextrose is also
formed, through the hydrolysation of the maltose
by these ferments, the action on raw starches
varying according to the kind of starch acted
upon. (See Eoberts, Digestive Ferments ; Church,
Food Grains of India ; Bell, Chemistry of Foods ;
Brown and Héron, Pr. 1830, 393 ; Chittenden
and Cummins, C. N. 51, 256 ; Chittenden and
Smith, C. N. 53, 109.)

16. Action of bacteria. According to Fitz
(B. 10,276 ; 11, 42), starch yields by fermentation
with a Scliizomycctes (Bacillus butylicus, Bacillus
subtilis) 35 p.c. of butyric acid and 9 p.c. of
acetic acid, together with a small quantity of
succinic acid. Inulin appears to yield the same
products.

By the action of certain organisms, starch is
rendered capable of being converted into dextrin
and maltose, and eventually into alcohol. In this
way the Indians of South America make an
alcoholic liquor called chicha by the fermenta¬
tion of the starch of maize. The grain is first
allowed to soak for frorn four to six hours to
soften it and afterwards fermented. The fermenta¬
tion is due in the first instance to the presence
of a minute organism, situated on the epidermis
of the grain ; this sécrétés a diastase, which either
produces or aids further fermentation (Marcano,
C. It. 95, 856).

Gayon and Dubourg (C. R. 103, 885) men¬
tion a species of mucor which has the power
of converting dextrin and starch into sugar, and
then fermenting the sugar.

Bacillus suaveolens couverts starch gradually
into dextrin and glucose, with formation of
alcohol, aldehyde, formic, acetic, and butyric
acids, &c. (Sclavo and Gosio, Arch. ital.Biol.14).

acted upon in the form of paste by diastase, but
it has been found that the same starches differ
materially from one another when the unbroken
granules are acted upon in the cold, as will be
seen from the following table by Lintner (Brauer
und Malzkalendar [13] 83, 1890) —

Villiers (C. R. 112, 435 and 536) finds that
the addition of a pure cultivation of Bacillus
amylobacter to a 5 p.c. starch paste causes .com¬
plété liquéfaction in twenty-four hours, and on
allowing the fermentation to continue some time
the liquid no longer gives a blue colouration with
iodine, the products of the change being almost
exclusively dextrins, no maltose or dextrose
being found to be présent, from which he con-
cludes that the organism converts starch direetly
into dextrin without the intervention of any
diastase secreted by the ferment.

Perdrix (Ann. Inst. Pasteur, 1891, No. 5) has
separated from Paris water a bacillus, B. amylo-
zymicus, which ferments starch with production
of dextrin, glucose, carbonic anhydride, ethyl and
amyl alcohols, acetic and butyric acids. A some-
what similar change is effected by the bacillus
of malignant œdema (Kerry and Fraenkel,
M. 12, 350).

Manufacture of Starch.

17. General considérations. In growing
various starch-producing plants for manufac-
turing purposes, the following facts must be
taken into account : 1. The average per-
centage of starch contained in the root, tuber,
or grain; 2, the yield per acre; and 3, the
amount of starch yielded per acre. Thus, al-
though the potato at best contains only 20 p.c.
of starch ; wheat, on the other hand, contains
55 p.c. ; nevertheless the total amount of starch
per acre is in favour of the potato, in the pro¬
portion of 2 to 1, since one acre of ground on
the average produees 12,994 lbs. of potatoes,
containing 2,598 lbs. of starch, as against 1,860
lbs. of wheat, containing 1,023 lbs. of starch.

Again, différent varieties of the same species
of plant will show very marked différences in
the quantity of starch which they yield. For
instance, the potato, as ordinarily consumed as
food in this country, contains only about 13 p.c.
of starch, but in Germany, where the potato is
cultivated for starch production, by means of
careful sélection and suitable manuring the per-

1 V. also Die Stiirkeneiibildenen Fermente f. Baranetzky
1878, and Brown and Morris, C. J. 57, 510.

Table X.—Action of diastase on ungelatinised starch.

Starch from
Température

50°C. 55°C. 60°C. G5°0. 70°C.

Potato .... OT 5-0 52-7 90-3
Maize .... 2-7 — 18-5 54-6 93-3
Rice .... 6-6 9-7 19-7 31-1 —

Oats .... 9-4 48-5 92-5 93-4 —

Barley .... 121 53-3 92-8 96-2 —

Green malt 29-7 58-6 92-1 96-3 —

Cured malt 131 56-0 91-7 93-6 —

Bye .... 25-2 — 93-7 94-5 —

Wheat .... — 62-2 91-1 94-6 —
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centage of starch lias been raised to as much as
20 p.c., and in some instances as great a yield
as 24 p.c. bas been obtained. The yield of starch
is also affected by the âge of the raw material,
conditions of harvesting, and exposure to heat
or cold during storage.

It lias been found that over-ripe potatoes
contain less starch than others, the loss being
from 3T8 to 9-88 p.c. on 100 of starch (Kramer,
B. C. 1881,717).

A sample of barley, which had been exposed
to bad weather for a fortnight, and had sprouted,
iras found to have lost an appréciable amount
of starch, that in normal barley being 64-1, whilst
that in the sprouted grain was only S7'9 p.c.

Diseased potatoes contain considerably less
starch than sound ones, owing to its conversion
into sugar by the fungus which attacks them,
those tubers which are grown with the aid of
highly-nitrogenous manures being more suscep¬
tible to the disease than those which are grown
under ordinaryconditions (Gilbert, Agr. Students'
Gazette, 4, pt. 2). Exposure to extreme cold
tends to diminish the amount of starch in pota¬
toes, the generally-accepted idea being that by
the freezing a portion of the starch is converted
into sugar.

On the other hand, although the materials
may be ail that is desired, the yield of starch
may be low, from causes due to carelessness in
the processes of manufacture, such as insufficient
washing or defective machinery, &c.

The raw materials almost exclusively em-
ployed in Europe and North America for the
préparation of starch therefrom are wheat,
potatoes, maize, and rice. Wheat was very
generally used at one time, but has now been
almost entirely replaced by the other substances.
Potatoes are very largely employed on the Con¬
tinent, rice prineipally in England, and maize
almost universally in America.

The manufacture of starch may be classed
-under three heads.

1. Eor manufacturing purposes generally,
such as the sizing of paper and of cotton goods,
the dressing of cloth, the thiekening of mor¬
dants and colours in calico-printing, the pré¬
paration of British gums, of white glucose
syrups, &c.

2. For laundry purposes.
3. For edible purposes, either by itself, as in

the préparation of cornflours, arrowroot, tapioca,
&c., or in conjunction with other substances in
the préparation of sauces, macaroni, semolinas,
<fec.

The extraction of starch from wheat and
barley is one of the oldest processes known in
the manufacture of starch, being employed by
the ancient Egyptians, Greeks, and Bomans.
It was called uy.\i\ov by the Greeks, from the
circumstance of its not having to be prepared
by the action of grinding in mills like other
farinaeeous substances, whence the Latin
amylum. Very little, however, appears to have
been known about its history or composition until
the beginning of the last eentury.

18. Manufacture of starch from wheat. The
différent methods of preparing starch from
wheat are :

I. By fermentation, and known as the old or
sour process.

II. Without fermentation, or Martin's pro¬
cess.

I. Fermentation process. For the old method
the wheat is used either whole or ground, but
the whole corn most frequently.

Where the whole corn is employed, the wheat
is steeped in soft water for some days, until it be-
comes swollen and so soft as to be easily crusbed
between the fingers ; the water being changed
frequently, so as to ensure, at the same time, a
thorough washing of the grain. The swollen
corn is now transferred to bags, and placed in a
wooden chest or fiât tub, where it is exposed to
strong pressure. By this means the grains are
crushed, and the water, which is rendered milky
by the starch, is drawn off by means of a tap;
fresh water is poured in, and the pressure re-
peated until ail or nearly ail of the starch is ex-
tracted. Instead of putting the swollen grain in
bags, it may be passed from a hopper between
two wooden cylinders revolving in opposite
directions, or between one or two cylinders re¬
volving upon a horizontal stone having a rim,
to a cistern ; by this means the swollen corn is
readily crushed and the starehy liquor in the
cistern separated by elutriation with successive
quantifies of water.

The milky liquor containing the starch is
next run into cisterns, where it is allowed to
remain for a period of from ten to thirty days,
according to the température of the surrounding
atmosphère, during which time it undergoes
fermentation, in order to accelerate which some
of the sour liquor from a previous fermentation
is added.

By this means the starch granules become
completely freed from the glutinous envelopes
containing them in the grain, the gluten becomes
more or less decomposed and softened, and par-
tially dissolved in the acids formed during the
process, and completely loses its sticky elastic
properties.

During the earlier stages of the fermentation
the ready-formed sugars of the grain, as well
as dextrin resulting from the action of the
diastase on any broken starch granules, become
converted into alcohol, which later on is changed
into acetic acid ; after a few days lactic, butyric,
and other fermentations are set up, and allowed
to proceed until the process is considered sufli-
ciently far advanced to allow of the starch
granules being easily separated in a state of
comparativepurity. As a rule, aetual putréfaction,
as shown by the évolution of stinkinggases,should
be avoided as much as possible, and the ferment-
ing mass should always have an agreeable vinous
smell. During the process it is necessary to
agitate the mass throughout once or twice a day,
in order to equalise the fermentation as much
as possible.

As soon as the fermentation is considered to
have progressed far enough the supernatantliquor
is drawn off and fresh water run in, the whole
well stirred up, allowed to settle, and the surface
liquor drawn off. This washing is repeated as
long as any perceptible colour is imparted to the
water ; after the last déposition and décantation,
the starch will be found to have settled down in
layers of varying purity, the topmost one con¬
taining the most gluten and albumen. These
différent layers are now taken up with a wooden
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shovel,andtransferredto separatecisterns, where
they are agitated with water and then passed
through fine sievea. After the starch has again
aettled down, the elean water is drawn off, any
impurity tliat may be on the top separated, and
set aside to be washed up with the next batch ;
the underlying portion agitated again with
fresh water, and purified by settling and décan¬
tation, this being repeated as often as may be
deemed necessary. When the starch is suffi-
ciently white it is laid on linen cloths in tvieker
baskets to drain and become partially dry, or
laid upon blocks of plasterof Paris, which absorb
the moisture. When sufficiently firm and dry it
is eut into pièces, which are spread upon other
cloths and thoroughly desiccated in a proper
drying-room, which in winter is heated by
stoves.

Or the starch, after being sufficiently purified
by successive washing and décantation, may be
shovelled into wooden boxes about 4 feet long,
12 inches broad, and 6 inches deep, perforated
throughout and lined with thin canvas ; this is
termed ' boxing.' When it has drained and dried
into a compact mass, it is turned out by invert-
ing the box upon a clean table, where it is eut
up. into pièces 4 or 5 inches square ; these are
then set upon lialf-burned bricks, which by
nature of their porosity absorb the moisture
front the starch, so that the under surface of
the blocks may not become hard and horny.

When sufficiently dried upon these bricks,
the blocks of starch are put into a stove and
left there until tolerably dry; they are then
removed to a table, where ail the sides are eare-

fully scraped with a knife, next packed up in
the paper in which they are sold, returned to
the stove, and subjected to a gentle heat for
some days, previous to being sent into the
market.

II. Martin's process. In this proeess flour
is employed in preference to the whole or
crushed grain. It is kneaded into a stiff dough
with water, exactly as for bread-making, and
allowed to remain in that state until every part
becomes thoroughly saturated with moisture.
This requires 25 minutes in summer and about
an hour in winter. For the séparation of the
starch from the gluten an apparatus is employed,
consisting of two troughs which are similar to
cach other, and which may be of any convenient
length. Within each of these troughs there is a
rectangular frame, which is caused to move to
and fro within the trough by a crank axis and
Connecting rod, the crank of one trough being
set opposite to that of the other.

Each of the frames carries the bearings of
four or other convenient number of grooved
rollers. At the bottom of each of the troughs
there are openings at intervais covered with
wire gauze ; at the ends of each trough are
applied spring buffing apparatus. Below the
troughs is an inclined sieve of fine wire gauze,
and below it an inclined shoot, down which
the fluid which passes the sieve flows, and
from it into any suitable receiving vessel,
where the starch is allowed to settle; above
each trough there is a perforated pipe, through
which the numerous jets of water flow on to the
dough introduced into the trough, and which
serves to wash away the starch from the gluten.

The dough which is to have the starch
separated from the gluten is formed into small
balls, and placed in the troughs between the
rollers. The frame earrying the rollers is
caused to reciprocate, a constant spray of water
being allowed to flow over the dough at the
same time, by which means the starch is washed
out and separated from the gluten ; the milky
liquor flows through the openings in the
bottom of the trough on to the inclined sieve,
and thence by means of the shoot to a suitable
receiving vessel. Should any particles of gluten
pass through the openings, they pass along
the inclined sieve, and are received in a vessel.
After the dough has been subjected for a
sufficient length of time to the action of the
rollers, it consists for the most part of gluten,
and is placed between the ends of the frames
and the buffing apparatus, where it is beaten for
several minutes, and can then be used for any
purpose to which it is applicable.

The purification of the starch obtained in
this way may be effected in tbe usual manner,
by successive washings and décantations as in
the fermentation process, or by the inclined
plane method described below under potato
starch. Subsequently, Martin introduced the
following process for the purification of the
crude starch, whereby a better product is ob¬
tained than is possible through mere washing
with water. This consists in treating the impure
starch with aweak solution of sodium hydroxide,
sp. gr. l'013, in sufficient quantity to turn red
litmus paper blue, after the deposit has been well
roused up. The mass is then allowed to stand
for two hours, during which time the gluten
swells up, and becomes partly dissolved. A con¬
sidérable quantity of water is then added, and
the whole thrown on to a No. 200 sieve, which
retains the swollen gluten and allows the starch
to pass through, which is then run on to the
inclined plane as before. Almost the whole of
the starch is by this means obtained as a first
product, whilst with simple washing about
25 p.c. is produced in an impure, unmarketable
form.

On the average, there is obtained from a sack
of flour about 110 lbs. of moist gluten and about
220 lbs. of dry starch.

19. Manufacture of starcli from potatoes. At
one time the manufacture of starch from potatoes
was carried on to a certain extent in Great
Britain as well as in Ireland, the first pub-
lished spécification relating to starch being taken
out as far back as the year 1717 by Newton,
Nowell, Clark, andJoynes, for 'a way or method
to make starch of and from the roots called by
the name of potatoes,' but its development has
been considerably checked by the potato diaease,
and is now entirely replaced by starch from
rice.

In France and Germany, however, where
mueh more attention has been directed to the
growth of the potato as a starch-producer, the
manufacture of fecula or starch from this
source has attained very considérable dimensions
and large quantities of potato starch are imported
yearly from those countries.

On the Continent the manufacture of potato
starch, for an aceount of which the writer is
much indebted to Payen's Chimie Industrielle,
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includes the following opérations—steeping, I
washing, séparation ot stones, rasping, straining,
settling, removal o£ tlie starch, purification,
second straining, wasliing, draining, and drying
in the air or in a centrifugal machine, drying
in an oven, paeking.

Steeping. Potatoes which are grown in
tough clay or loam are covered with adhèrent
earth, which clings so tenaciously to them as not
to be removed by simple washing; they are
therefore allowed to soak for seyeral hours in a

large vat conta ining water.
Washing. In France this opération is carried

on as follows :—An apparatus called the washing
drum (fig. 1) is used, consisting of a hollow
revolving cylinder 6, formed of wood or iron
bands, 5-I5 inehes wide, and laid longitudinally
from one end to the other, the distance between
each being about % inch, so as to allow of the
escape of the dirt, sand, and stones, whilst the

3

to the upper part of the cylinder, so as to prevent
splashing of the water. The cylinder is worked
by a band from the main shaft, passing over the
wheel f. The potatoes are fed into the hopper
at a, and are thrown out at the opposite end,
where, falling down the inclined plane d, they
are conducted to the stone catcher (fig. 2).
This apparatus consists of a semi-cylindrical

Fig. 3. Fig. 4.

sloping trough, filled with water to the level a.
In the trough is a shaft d, furnished with
arms placed spirally (figs. 3 and 4), and which by
means of the cogwheel e is rotated by the driving
wheel F. The potatoes being fed in at a, are
rubbed upon one another by the arms and
repeatedly dipped in the water, so that the
remainder of the dirt and ail stones and sand is

tubers are retained. The cylinder, which is
slightly inclined, is immersed to half its diameter
in water in the trough c, wherein it revolves at
the rate of about fifteen révolutions per minute,

Fig. 1.

and by which means the potatoes are kept in
continuai motion, rubbing against and being
rubbed by the sides of the cylinder. From the

| sides of the trough spring the boards g, slanting

washed off, and, the heavier particles sinking to
the bottom are removed from time to time
through the opening c. The potatoes are car¬
ried forward by the action of the spiral until
they reach the upper end of the trough, over
which they fall into the hopper of the rasping
machine.

In the German factories the above opérations
are carried on at one and the same time, the
trough in which the washing drum is placed
being divided into two unequal parts, the larger
one d for the washing drum, and the other c for
the stone catcher ; as shown in figs. 5 and (i,
the potatoes are introduced into the smaller
division e, and are drawn forward and kept in
incessant motion by six or eight large iron arms
g g, arranged spirally on a prolongation of the
shaft of the washing drum a b. The stones, sand,
&c., are drawn off at intervais through the
openings i and h. The potatoes thus reach the
washing drum previously washed and freed from
stones, from which they pass through k k to the
rasping machine.

By means of this the tubers are reduced
to a pulp, and the cells containing the starch
are ruptured ; and the more completely this
is done the greater the amount of starch
obtained, since it is only the starch from

Fig. 2.
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the cells which are actually ruptured that can
be extracted, vvhilst ail that remains in closed
cells represents so much loss to the manu¬
facturer. For this purpose Champonnois' rasper
is generally eonsidered the best, and is shown
in figs. 7 and 8. It consists of a hollow cylinder
furnished with saw blades on its inner surface,
against which the potatoes are made to rub.

The case a of the cylinder is seen in fig. 8,
with the rasper inside. This is so arranged that
from one to four saw blades lie between thin
steel bands, at anintervalof from 55-55 of an ineh
apart, and between each group is a space
through which the pulp as it is formed can pass.
This arrangement is shown in figs. 9 and 10.
In the axis of the rasping cylinder is a sliaft bb,

Fia. 5.

making 800 to 1,000 révolutions per minute, by
means of a band from the main shaft applied to
the driving-wheels e e, and regulated by a fly-
wheel. At the other end of the shaft, within the
drum, is a strong fork-shaped scoop. The
potatoes, falling through a side opening, are
seized by the scoop, and pressed forcibly against
the saw blades cc in the cylinder. Water, being
admitted into the interior, is driven by centri-
fugal force against the sides of the cylinder, and

Fig. 7.

• Fig. G.

makes its way through the interstices, carrying
with it the potato pulp, which passes away
through a pipe underneath. The teeth of the
saw blades are very short, projecting one-fifth of
an inch from the drum. They require reversing
twice a day, and after two days' use need to be
re-filed. As much as thirteen tons of potatoes
can be rasped by this machine in ten working
hours, whilst the yield of starcli from a given
quantity of potatoes is considerably increased.

Fig. 8.

Fig. 9. Fig. 10.

The pulp thus obtained is a mixture of starch
and fibre. In order to separate one from the
other the pulp is washed with water upon brass-
wire sieves of différent degrees of fineness, which
allow the starch granules to pass through with
the liquid and retain the coarser portions of the
fibre. Several forms of apparatus have been
devised for this purpose, the principal objects

aimed at being uninterrupted working, as com¬
plété exhaustion as possible of the pulp within
the smallest space, and economy of wash water.
Fig. 11 shows a longitudinal section of Huck and
Stoltz's machine. This consists of three eylin-
ders a, b, c of différent diameters. The case of
the first is formed of a wire sieve, 25 meshes to
the inch. The pulp from the rasper is run in
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through the funnel a. Within this cylinder is
another, 66, formed of perforated métal plate
into whicli water liows through the pipe a", and
is distributed uniformly upon the potato pulp in
a by means of the perforations in 66 fronr a.
Âfter parting with the greater part of its starch
the pulp is gradually brought forward into the
second cylinder b, which is covered with sheet
copper. The pulp is here worked about with a
T-shaped iron fastened to the shaft ra>', which
is rotated by the driving wheel o in an opposite

direction to the cylinder ; from here it is carried
forward to the third cylinder, which is covered
with wire tissue, 35 meshes to the inch, where
it meets with a fresh spray of water coming
through the perforated pipe dd from a'".
Whilst in the cylinders a and c the pulp under-
goes a continuai working with brushes, which,
like the agitator in b, are connected with the
shaft de'. These three cylinders revolve at the
rate of 22 révolutions per minute ; whilst the
agitator in b makes 35 in the same tinte. The

Fig.

from the rasper a into a small cistern, from
which it is raised by the pump b, through the
pipe b', into the sieve and mixing cylinders d,
d', i>", and in the latter washed by a stream of
water a'. The pulp rejected from d" falls into
the hopper of a second rasper, where it is rubbed
between two cylinders e rotating in opposite
directions ; from thence it flows into the sieve g,
where it meets with more water from as'", and,
being washed, falls into a trough, along which it
is pushed by an Archimedean screw.

. 12.

The starchy liquid from d falls into the
trough e, that from g into e', and both united
fall into the first purifier kl, thence into the
trough j, into the cistern m, from whence it is
raised by the pump to the second purifier o,
where the last portions of fibre remain, whence
by means of the trough s the liquor containing
the nearly pure starch passes to the purification
apparatus. In the smaller factories this is
generally aecomplished by means of settling.
vats.

Fig. 11.

starchy liquid flowing from a and c is colleeted
in the trough k, and runs from thence into the
sieve cylinder hh', which is covered with wire
gauze, 50 meshes to the inch. Here any fibrous
pulp which may have passed through the other
sieves is retained ; whilst the water containing
the separated starch is run oiï along the trough
l into the settling vats. The coarse pulp as it is
pushed out of the cylinders falls into the re-
ceivers ira' underneath. In order to prevent
the clogging of the sieves, a fine stream of water
is thrown upon them during working from pipes
running parallel with their axis.

A modification of the above apparatus, by
means of which considerably less water is re-
quired, and which is suitable for localities where
water is more or less searce, is shown in fig. 12,

The pulp coming from the rasper a is raised
by means of a centrifugal pump into the first
cylinder b, where it gives up by far the greater
part of its starch. The strained liquor from
this cylinder is not joined with that from the
other cylinders, but run straight away into the
purification vessel. The liquor from the mixing
cylinder c and the other sieve cylinder d, con¬
taining comparatively but little starch, is carried
by the pipe gg' back to the rasper, where itis
used instead of clean water for the thinning oi
the pulp.

In some factories, by means of a modifica¬
tion of the apparatus just described, a second
working of the pulpis effected, and a larger yield
of starch thereby obtained. This is shown in
fig. 13. The pulp, thinned with water, falls
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In addition to rasping, a great many manu-
facturers are accustomed of late years to grind
the pulp after rasping, whereby a slightly in-
creased yield of slarch is obtained. ïhe follow-
iDg figures, calculated on the starch worked,

show a comparison between the yielcl obtained
when a rasping machine only is employed, and
when, in addition thereto, grinding is carried on
as well.

Obtained in form of Without With
green starcli grinding grinding

Experiment A. . . 8R8 87-4
Experiment B. . . 76-3 85-5

Tarious forms of machines for carrying on.
the rasping and grating processes simultaneously
have been constructed during the last few years,.
but have not up to the présent corne into
général use.

The starehy liquor as it cornes frorn the sieves-
generally contains some sand, which was not
separated during the washing of the potatoes,.
and was too fine to be retained by the sieves..
It is therefore run into a large vat and vigorously
stirred so as to bring ail the starch into suspen¬
sion, which, before it has had time to settle, is
siphoned olï into another large vat, where it
is allowed to stand for four hours, during which
time the starch settles on the bottom. The
sand, by reason of its greater spécifie gravity,
sinks rapidly to the bottom, and remains in the
first vat. The lower part of the sédiment de¬
posited in the second vat consists of pure starch,.
covered by a greyish layer, consisting of fine
fibres that have passed through the sieves. The
supernatant liquor having been run olï, this
impure mass is scraped off as clean as possible
with an iron scraper. This impure starch is
agitated with fresh water, passed through a very
fine sieve, and allowed to rest for some time, till
a further amount of white starch falls out, when
the same opération is repeated.

The purified starch is again agitated with
water, passed through a silk or wire sieve, 90
meshes to the inch, and again allowed to settle,.
the liquor decanted off, the surface of the starch
scraped, and finally, if the mass be pure enough
and of sufficient consistence, divided into lumps
and placed to dry.

Sometimes the starch, deprived of its super¬
natant brownish deposit, is purified by being
placed in a slightly sloping flat-sided trough
about 22 feet long and 3 feet wide. Below this
is a second trough, inclined in the opposite
direction ; and below this a third, inclined like
the first. A spray of water from a very fine
rose falls upon the starch, which is placed just
beneath itat the top end of trough No. 1, and
at the same time is kept constantly stirred. The
water gradually washes everything forward with
it, and while slowly iiowing along the troughs the-
starch is gradually deposited ; whilst the lighter
fibrous matter remains in suspension, and passes
with very little starch into vats underneath.
The starch obtained in this way is added to that
purified in the first settling vat, and is then.
ready for draining.

In large faetories the settling vats have been
entirely superseded by the inclined plane ; this
consists of a sériés of three wooden troughs,.
fig. 14, 3 j feet wide and about 30 yards long, each
having a fall of 1 to Tg in 1,000. The third
plane or trough rests on the ground and empties
into the vat a. The second and first are affixed
to wooden supports as shown. The starehy
liquor, as it cornes from the cylinder sieves,
enters the first inclined plane at a, flows along
in the direction a b, and thence along o d to f,
the flow being regulated at will by means of
the screw valves at b and d. The greater part
of the starch is deposited in the first plane, from
which it is removed once a day. The starch from
the second plane, on which considerabiy less is
deposited, is removed twice a week ; and once a
week, from the third. The liquor, containing
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very little starch, flows into vat g, or generally
into a sériés of vats, whereby any starch that
may still remain in the wash water is colleeted.

The starch thus deposited on these inclined
planes is sufiiciently pure for most purposes to
be sent at once to market ; but, as it is still con-
taminated to a slight extent with potato sap,
in order to purify it completely it is advisable
to wash it once or more in the usual settling
vat.

Drying. The starch 13 taken from the
planes or settling vats in the form of a very thick
mud or sludge, from which the greater portion of
the water may be removed by centrifugal action,
hy drying in the air or in ovens.

In the drying of starch by centrifugal action
the same form of apparatus is used as in the
manufacture of sugar, but as the starch mud
is so thick as to renderit incapable of being pro-
perly distributed on the sides of the machine,
a quantity of water is mixed up with it to
bring it into a sufiiciently thin paste that will
flow into the apparatus whilst it is in motion.

It is then flung against the circumference of
the machine, the water Aies off, and the starch
lies as a compact mass round the sides of the
cylinder. Advantage has been taken of centri¬
fugal action for the purification, as well as for the
drying of starch at the same time, by Fesca, of
Berlin. When the impure starch liquor is intro-
duced into the machine, the densest and heaviest
portion—and consequently the purest starch—
is driven first against the sides of the cylinder.
The fibrous portion remains longer suspended,
and is deposited as a layer upon the surface of
the pure starch, from which it is easily removed.

For many purposes—suchas the manufacture
of dextrin and glucose, &c.—the starch, as it
cornes from the centrifugal machine, and con-
taining from 85 to 40 p.c. of water, needs no
further desiccation, and is known in commerce as

green starch.
In faetories where a centrifugal machine is

not used, the water is removed as much as pos¬
sible from the starch before proceeding with the
drying. Accordingly, as soon as the starch is

Fia. 14.

•considered sufiiciently purified, it is dug out of
the settling vats and transferred to perforated
boxes, lined with clean linen, and set aside for
some time to drain, during which time it acquires
sufficient hardness to enable it to retain the
shape of the box, and as soon as ever this takes
place the box is inverted upon a dry porous slab,
generally of plaster-of-Paris, which abstracts a
further amount of moisture, so that it arrives at
the state of green starch. It is now sufiiciently
solid to be removed to the drying room, on either
side of which a sériés of shelves, formed of bars
of wood placed at a distance of about one inch
apart, are ranged in tiers one above the other,
through which a current of air is made to pass
freely by means of louvre boards or venetian
ventilators. On these shelves the blocks of
starch are placed, and allowed to remain for six
or eight weeks, until sufiiciently dried. One
great drawback to this method is the exposure
of the starch to any dust that may be floating
about in dry weather, as well as the possibility
of the moist starch becoming frozen in cold
weather. The latter may be obviated by intro-

ducing heated air into the drying-room, and the
dust precluded by shutting up ail the Windows—
in fact, by practically converting the room into
an oven.

20. Manufacture of starch frcyrn rice. Al-
though no other starch-producing material is so
rich in this substance as rice—containing, as
it does, over SO p.c. of starch—nevertheless,
the cells and the starch granules contained in
them are so intimately connected together by a
small but very resisting quantity of gluten that
their séparation cannot be effected by a simple
crushing and washing, as in thecaseof potatoes,
or by the old System of fermentation, as in the
case of wheat and flour, and hence resort must
always be had to chemical agents, alkalis or
acids, to efïect this object.

Since rice starch, on account of the small-
ness of its granules, possesses a greater firmness,
and in practical opérations gives a much higher
lustre than wheat starch, it is much esteemed
by laundresses, and preferred by them to any
other, so that when the difliculties attending its
successful préparation had been overcome, a
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wnderful impetus was given to its manufacture
in England, where it is at présent carried on to a
very large estent, and, being cheaper in this
country than any other raw material, may be
considered as a fairly remunerative business.

It need hardly be said that the value of any
sample of rice for starcli manufacture dépends
not only upon the amount and quality of the
starch it contains, but on the percent'age of
gluten or protein matter as well, and on its de-
gree of solubility in soda solution.

The following analyses of rice from différent
countries show the relative amounts of these
substances which are generally présent in the
matured grain :—

Analyses of rice.

—

Patna
(Poison),
cleaned

American
(Jenkins),
mean of 10

analyses

Japan
(Kellner),

mean of 10
analyses

Carbohydrates. 81-81 79-20 74-10
Albuminoids . 7-22 7-40 6-13
Pat . 0-09 0-40 2-00
Fibre 0-18 0-20 4-00
Ash 0-90 0-40 1-19
Water 9-80 12-40 12-58

The method of manufacture described by
Jones (Eng. Pat. 1840, No. 8,488)—and which
is, with a few modifications, the one carried out
at the présent time in England—is as follows.

One hundred pounds of rice are placed in a
tinned copper or stoneware vessel holding 50
gallons of a solution of sodium or potassium
hydroxide, containing 200 grains of alkali per
gallon of water ; the mixture is well stirred and
allowed to macerate for twenty-four hours, at
the end of which time the liquor is siphoned off,
and the rice well washed with twice as much cold
water as tkere was of alkaline solution. The
water is next poured off, and the grain placed
upon sieves to drain, after which it is crushed or
ground to flour with rollers or millstones. The
flour is tlien passed through sieves by means of
brushes, the coarser particles which do not pass
through being returned to the mill to be re-
ground and again sifted, until the whole is thus
disposed of.

The ilour thus obtained is again treated with
alkali solution, one hundred joounds of the rice
flour being added in small quantities at a time,
to every hundred gallons of liquor. The whole is
well stirred up repeatedly during twenty-four
hours, and then allowed to stand for about
seventy hours to settle. The processof this de-
posit takes place as follows : the first deposit
consists of fibrous matters with little starch,
followed by a deposit of the greater portion
of the starch, the gluten and other matters re-
maining in solution in the alkaline liquor, which
is siphoned off, and double as much water run on,
the deposit is then well roused up with it, and the
whole allowed to stand about an hour, during
which time the matters other than starch sub¬
side, carrying with them a small portion of the
starch, but leaving by far the greater bulk of it
suspended in the liquor. This is drawn off, and
passed through fine sillc sieves. A further
quantity of water is added to the deposit and

Vol. III.—T

agitated as before, and, after standing a short
time again drawn off, and passed through
sieves as before, this opération being repeated
as often as necessary, until at length the whole
of the starch is separated from the fibrous and
other matters.

Ail these starchy liquors are then collected
into one vessel and allowed to settle for about
seventy hours, during which time the whole of
the starch is deposited. The supernatant liquor
is now drawn off, and the starch (blued if neces¬
sary) drained, dried, and finished in the usual
way.

Several other patents for preparing starch
from rice have been taken out by various manu-
facturers, the principal of which are the follow¬
ing:—

Berger's process (Eng. Pat. 1841, No. 9,013).—
By this method : 1. Starch is manufactured from
rice by the application of an alkaline sait, e.g.
carbonate of soda, whereby thegluten is dissolved
or freed, so that the starch may be separated
therefrom. The opérations are in ail respects
analogous to those of Jones' process.

2. The rice is soaked in water and submitted
to a process of fermentation ; or

3. The first and second proeesses are com-
bined.

Colman's process (Eng. Pat. 1841, 2,166).-
1. Rice is mixed with the refuse from wheat
or other grain in the proportion of fifteen
pounds of the latter to every hundredweight
of rice, and, the necessary quantity of water
being added, the mass is allowed to ferment for
ten to fifteen days, after which the starch is
separated by wasking and sifting as already de¬
scribed.

2. The rice is steeped in water for four days,
then drained, and reduced to a pulp in a mill
under a stream of water, collected in a réservoir,
allowed to settle, and the water siphoned off.

The deposit is then agitated with a dilute
solution of hydrochloric acid (about 2 p.c.) and
allowed to stand for five days, being well stirred
every four hours during that time, then
allowed to settle for eighteen hours, the clear
liquor drawn off, and the opération repeated
with a -5 p.c. acid solution. Finally, the deposit
is washed with large quantities of water, passed
through sieves, drained and dried in the usual
way.

Rehe patented a process (Eng. Pat. 1884,
10,359) according to which the rice is first
submitted to a température of 160° to 180°F.
before steeping, and afterwards macerated in
soda lye (four pounds of soda to every hundred¬
weight of rice), and the starch extraeted in the
usual manner later on.

Ransford introduced a process (Eng. Pat.
1853, 603), in which pressure is applied to
the rice after it has undergone the steeping
opération. The rice having been put into the
steeping liquor, in a vessel capable of being
closed down, is allowed to steep for some time.
The vessel is then closed down tight and more
liquor forced in by means of a pump, up to
about 20 lbs. to the square inch ; this is con-
tinued for a short time, the liquor drawn off,
and again pumped in. The liquor is then
drawn off, and the rice further pressed so as to
drive out as much gluten as possible, after

PP
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which it is ground and treated in the asual
way.

In Germany the manufacture of starch from
rice has replaced wheaten starch to a large
extent, and J. Berger, who appears to have
given much attention to this subject, has pub-
lished an interesting aecount of the process as
carried out there at présent (Chem. Zeit. 14,

Extraction. The opération for the extraction
of starch is carried out in shallowtanks of 4-5 cm.

capacity. The rice is piled on a perforated shelf
fixed in the tank, and covered with soda lye of
0-5° to l°Bé. The mixture is stirred a few times,
and after about eighteen hours the lye is run off
and replaced by a fresh lot, which is allowed to
remain for twelve hours, by which time the rice
is, as a rule, sufficiently softened to be ground ;
this is eiïected between millstones 1,200-1,400
mm. in diameter and 300-400 mm. thick, and
making 120 to 140 révolutions per minute. In¬
complète grinding must be avoided as much as
possible, and therefore in most factories the
rice is passed through two mills arranged side
by side, so that the ground starch drops
direetly from the first into the second mill.
During grinding, the rice is moistened with lye
of the same strength as that used for softening,
about 200 litres being required per 100 kilos of
rice. The starchy liquor flowing from the mill,
and containing about 20 to 28 p.c. of solid matter,
is carried up by suitable means to high-lying
tanks, from whence it is distributed to the
sieves and other apparatus.

Sieves. Botating cylindrical sieves are almost
invariably employed, and are construeted as fol-
lows : A shaft, 4-5 métrés in length, is provided
at intervais of 1 metre with three rods of equal
length, arranged symmetrically at right angles
to the shaft. The ends of these rods carry six
wooden boards parallel to the shaft. The frame-
work thus formed is covered with the finest silk
gauze. The cylinder is so arranged that one
end of it lies about 15 cm. higher than the
other. The liquid to be strained is fed into
the upper part of the apparatus. The starchy
liquor, as it filters through, is collected in a
wooden casing, which completely surrounds the
cylinder, whilst the impurities remaining on the
sieve pass along into a tank opposite the lower
end of the cylinder. The shaft of the cylinder
being hollow, and pierced with numerous holes,
allows water to be foreed through on to the
sieves. By this means the walls of the cylinder
are kept clean, and the passage of the impu¬
rities towards the lower end is facilitated. The
starchy liquor passing through the sieves still
contains much gluten, which may be separated
in the manner described under Potato starch,

1440,1571; 15, 843), an abstract of which is
given be'.ow.

The raw material principally employed a
Germany is obtained from rice-cleaning and
polishing-mills, and consists of the broie»
grains. The percentage composition of varions
samples of this waste is given in the following
table :—

either by means of settling tanks, or with tl-
centrifugal machine.

Berger suggests many improvements b
the above process. Great stress is laid upra
the importance of the preliminary softemi;
of the rice with a solution of caustio soi,
as the précisé action of the soda ta
been misunderstood by most rice-starch mat:
facturers, being generally regarded as a meie
meehanical one instead of a distinctly chemical
one, the soda dissolving out the albuminoii
substance which cements the starch cells t:-

gether, thus rendering them more amenable »
the after-operations. This softening procès
should be carried out as quickly as possible,
especially in warm weather, in order to preve;
fermentation, the evil effects of which are toi
seen in ail the after-processes. It causes tb
mass to froth excessively in the grinding-mi,
and renders centrifuging difficult, the starel
not separating as it ought to do in a sUt
of purity, coming from the centrifugals ii
flabby lumps ; and, for the same reason, ::
refuses to deposit in the settling tanks. Tb
gluten assumes a slimy condition, and refaire
much starch. In order to obviate this, Berge:
recommends that the extraction and sofaii:
of the rice be eiïected by a continuous curren
of slightly stronger lye (F|°Bé.), as by this met:
the treatment is considerably shortened, anls
the same time the action is rendered mm

energetie.
Another method proposed by Mack (D. P. ■

256, 35), and which has been successMi
adopted in Germany, consists in blowingii:
under pressure through the mixture of rice ni
caustic soda in such quantifies that the liqri:
assumes the appearance of boiling. Por t
purpose air enters through a sériés of sut
tubes into a tank provided with a false botte
on which finely-ground rice is spread, the te
at the same time being filled with the soi
solution. After the opération is finished tb
liquor is run off, and the resulting rice starè
allowed to drain. By this process the rice:
said to soften quicker, and yields from 6 te:
p.c. more of the finished product.

When the various processes are employelï
the order given, the yield of starch of the fc
quality is about 60 p.c. (calculated as absolutej

— East Indian rice
Kussian

rice
Egyptian

rice
Persiaa

rice

Water 12-10 13-20 13-23 12-70 11-84 10-80
Starch 76-25 73-90 77-44 75-81 78-30 78-20
Protein 8-95 8-79 6-87 7-94 6-70 11-21
Fat 0-42 0-71 0-35 0-40 — 0-75
Gum and sugar.... 0-86 1-20 0-95 1-21 ,— 1-45
Fibre 0-32 0-40 0-36 0-44 — 0-81
Ash 1-10 1-80 0-80 1-45 1-16 1-78
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dry starch on the rice), whilst 7-10 p.c. are left
in the various by-products, and rnay be re-
covered by repeated treatment.

The total yield in a properly conducted
factory is about 85-90 p.c. of the starch con-
tained in the rice.

Mouldmg the starch. Formerly this was
almost exclusively done in wooden boxes xvith
perforated bottoms covered with filtering cloth.
The boxes are set up in rows, and the starch
mixed with water or weak soda lye (0'1° to
0'3°Bé.), being charged into the first box, over-
lows into the next, and so on. In order to
rnake the water drain out more thoroughly, the
boxes are repeatedly lifted from their supports
and dropped again. After about twenty-four
hours the blocks of starch, still eontaining
42-44 p.c. of water, are removed, and eut into
rectangular pièces. Various forms of high-
pressure filtering moulds are now employed, and
with these the starch-milk used for fiUing must
not exceed in spécifie gravity 1*2-1*25, other-
wise the finished product exhibits a rough frac¬
ture which detracts from its appearance.

Drying the starch. Blocks of starch, eon¬
taining 40-45 p.c. of water, when dried, be-
come covered with a yellow crust, owing to
the séparation of traces of dextrin, &c. This
crust is about 10 mm. thick, and is eut off
when the blocks are partially dry—i.e. contain
25-28 p.c. of water. The remaining starch may
be now completely dried without any further
development of yellow colour taking place. Ail
attempts liitherto made to avoid this crust for¬
mation have failed. The crust constitutes about
20-30 p.c. of the total starch. The shavings
are stirred up with water, centrifuged once, or
filiered, and mixed with the following batch of
pure starch. Large masses of starch, when
dried, fall into more or less irregular rod-like
pièces, the size, shape, and smoothness of sur¬
face of which dépend greatly on the rapidity
of drying and the solidity of the blocks before
drying. Starch is generally coloured in order
to hide its slightly yellow tint, ultramarine
being usually employed for the purpose. The
blocks remain in the drying chamber for four-
teen to twenty-one days, aecording to the tem¬
pérature, which ranges from 30-50°C. The
dried starch contains about 12 p.c. of water,
but on exposure to air it absorbs moisture up to
15 p.c., which is the commereially recognised
standard. If it be desired to obtain the starch
in large lumps, the blocks, after scraping, are
eut up into smaller pièces, which are then
slowly dried in the air.

Waste products. These consist of gluten
aud impure starch. They may be mixed, and
used for cattle-feeding ; or, more or less sepa-
rated and utilised, the starch for feeding, and
the gluten for manurial, purposes.

21. Manufacture of starch from maize. This
process is principally eonfined to the United
States, and no industry in that country has grown
so rapidly and concentrated itself into a small
circle of factories within the last half century as
the manufacture of starch from maize or Indian
com, which is there termed corn-starch. An
interesting account of this industry is given by
Dr. G. Archbold, in S. C. I. [6] 80-84, of which
the following is an abstract :—

The following analysis of maize, as given by
Dr. Archbold, represents the average of many
samples analysed in the course of one year's
working :

Water 11*2
Starch ..... 54*8
Cellulose 16*4
Gum and sugar . . . .2*9
Gluten ..... 8*2
Fat 4*7
Ash 4-8

Process of manufacture. The process uni-
versally adopted in the United States is that.
known as the alkaline or ' sweet ' process, in
contradistinction to the ' sour or acid ' process
adopted for the extraction of starch from wheat.

In the extraction of starch from maize by
the ' sweet ' process, the corn is first subjected
to a cleansing process by means of powerful fans
or blowers, called winnowing, by which means
the grain is cleansed from superfluous bran, dirt,
cob, efec. The clean grain is next placedin tanks
called ' steeps,' or large tanks varying in capacity
from 1,000 to 6,000 bushels each. Here the
corn is covered with water at a température
ranging from 70°F. to 140°F., aecording to the
experience of the manufacturer, and allowed to.
remain until the grain is sulîiciently soft to crush
or grind bètween rollers. As it is of the utinost
importance to the after-treatment of the impure
starch that as much as possible of the oil and
minerai constituents of the corn be removed,
and the nitrogenous matter surrounding the
starch of the grain, sueh as gluten and albumen,
be thoroughly softened, so as to be brought to a.
condition to be acted upon by the alkali, the
process of steeping the grain is one of great im¬
portance, and various methods have been adopted»
In most factories the corn is allowed simply to.
remain in contact with the water for a period of
eight or ten days, or until the putrefaetive fer¬
mentation has set in, and the corn soft
enough to grind. During this period much sul-
phuretted hydrogen is given off, thereby creating
a most offensive odour in the neighbourhood of
the factory.

At the Glen Cove Starch Works, Longp
Island, N.J., this disagreeable part of the process.
is obviated by adopting the Durgen System. In
this factory there are three ' steeps ' or tanks,
each capable of holding 5,500 bushels. or
310,800 lbs. of corn. Through each of these
tanks a continuons stream of water, heated to a.
température of 130-140°F., flows at the rate
of about 10,000 gallons per tank per day, for-
three days, at the end of which time the corn is
sulîiciently softened for the grinding process.
It has been estimated that no less than 315 lbs.
of solid matter per day is extracted from ail
these tanks during this process, and which may
be divided into

lbs.
Oil and other organic substances . 128
Albuminoids . . . . .61
Ash of corn and constituents of the
water...... 126

Total 315

In this wet and softened condition the grain
is eonveyed to the grinding room, where it is
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first ground in burrstone mills, and thence passed
through heavy iron rollers to wooden spouts,
and carried by means of hoppers to the straining
department, which is generally situated on the
floor underneath the mills. These strainers
consist first of large revolving sieves on a slight
incline. The first sériés is of brass wire sixty
meshes per square inch ; the second of fine
bolting silk, such as is to be found in flour
mills. The ground pulpy mass falls with a
stream of water into the first sériés, and then
through the second into the collecting tanks
below. The mixed fine and coarse magma which
falls from the end of these sieves is then con-

veyed to the mills, re-ground, and again passed
through these sieves with a stream of water as
before, until the water ceases to corne through
milkv. The magma thus exhausted of its starch
is then conveyed to a separate room, and
pressed, dried, and sold as cattle food, or in its
moist condition as ' swill ' for pigs.

The magma (mixed), as taken from the
sieves, has the following average composition :

Water
Ash .

Oil .

Carbohydrates
Fibre
Albuminoids

62-27
•27

1-31
28-90

1-58
5-67

100-00

The above milky fluid, washed from the
magma, and collected in tanks underneath the
sieves, is now allowed to subside, and the super -

natant liquor run off. The residue, washed
and agitated with fresh water, is again allowed
to settle, and the supernatant liquor again run
ofif. This second washing is found to be neces-
sary, especially in warm weather, as the sus-
pended impure starch is apt to turn sour, which
would interfère with subséquent opérations.
The deposited impure starehy matter is now
pumped up in a semi-liquid condition into
large vats, ealled ' separators,' which are gene¬
rally on the top floor of large factories.

These so-called separators are large wooden
vats of a cylindrical form, several feet high, and
the diameter of which is about equal to the height,
having a sériés of holes, closed by plugs, in the
sides, arranged towards the bottom at equal
distances apart (Gtol2inches). Each vat is pro-
vided with a mechanical stirrer and the neces-

sary gearing. In ail well-regulated factories
there is generally a sériés of such vats. As soon
as the impure starehy matter is pumped into
these vats, it is diluted considerably with water,
and the stirrers put in motion. A solution of
caustie soda at 7-8°Bé. is then very cautiously
added until the milky liquid has changed
to a greenish-yellow colour. The stirring is then
continued for some hours, until a sample taken
from the vat in a glass or beaker separates into
two layers—the bottom layer, which is dark-
coloured, eontaining the impurities, the upper,
which is white, being the starch. In passing, it
may be remarked that the nitrogenous matter of
Indian corn or maize is of two kinds : one which
is dissolved by a solution of caustie alkali, the
other, which is preeipitated, and is of a dark
yellowish-green colour. The séparation being

complété, the machinery is stopped, and the
separated starch and glutinous matter allowed
to deposit, whilst the supernatant liquid, eon¬
taining nitrogenous matter, oil, <Src., in solution,
is run off.

The deposited starch and glutinous matter is
next washed with water and well roused up,
allowed to rest for fifteen to twenty minutes to
allow the insoluble gluten, &c., to subside, wlien
the first plug is drawn, and the starch remaining
in suspension in the water is allowed to tlow bj
means of a properly arranged gutter into vats
underneath, then the next plug is drawn, and
so on to the last. The plugs are then replaced,
the vats again filled with water, and the opéra¬
tion repeated. This, which is called the siphon-
ing process, is generally repeated three tintes,
and the runnings of starch are collected in
several separate vats,forming the differentgrades
of starch of the factory.

The deposited matters, nearly exhausted of
starch by the above means, are ail collected and
run over what is called the inclined table, con-

sisting of a sériés of wide gutters side by side,
sixty feet long, with a fall of from three to sis
inches at the lower end. This deposit is allowed
to flow evenly and slowly with a stream of water,
the lighter portions running off at the end to
waste, whilst the starch settles down in the
gutters.

The starch siphonings 1,2, and 3, and whichare
collected in différent vats, are allowed to repose,
and the supernatant liquid run off ; elean water
is run in, the starch once more well roused up,
and, if necessary, the siphoning process repeated.
In summer, when the température is high, it is
necessary during this stage of the process to
keep the contents of the vats eool by the addi¬
tion of large lumps of ice.

These three grades of starch produced as
above after being well washed with water are
finally roused up and run through a fine sievt
of bolting cloth iuto oblong tanks of wood,
ealled ' settlers,' the cloth retaining any fibre or
glutinous impurity, while the fiuer grains of
starch run through with the water. The starch
then deposits in these tanks hard and finn on
the bottom, whilst the water ean be run off clear
to the surface of the starch.

The next stage in the process is termed
' boxing,' in which the starch is collected in
moulds or oblong boxes having a perforated
bottom. A piece of muslin is damped with
water, and placed round the sides aud on the
bottom of these boxes ; the hard deposited starch
is then dug out of the settlers and firmly packed
in these moulds up to the brim. As the mois-
ture drains away the starch subsides in the
moulds, and more starch is added until further
subsidencc ceases. It is then allowed to remain
for some hours, when the moist starch, which
now contains some 60 p.c. of moisture, is turned
out on to a table, and the oblong block eut
through into equal and eonvenient-sized blocks
or squares. These pieees or squares are nest
placed on an absorbent médium or floor, gene¬
rally made of porous brick eovered with a layer
of plaster of Paris cernent, and beated under¬
neath by means of a sériés of steam pipes.
Here the starch remains for some hours until
the moisture it contains is reduced to about h
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p.c. It is then ready for the erushing proeess.
The blocks of starch are plaeed aide by side on
a rack or shelves in a kiln, and allowed to re¬
main therein exposed to a heat of 120-130°F.
until a yellowish-brown erust forms on the out-
side, varying in thickness frora to J inch more
or legs. They are then taken out, and the erust
temoved, when the interior appears perfeetly
white. In this state it is wrapped in paper, and
again returned to the kiln, and now exposed to
a température of 156-176°F. for a period vary¬
ing from three to fifteen days, or sometimes even
longer. During this time the blocks of starch
separate up into a sériés of irregularly shaped
rods resembling prisms, more or less, and are
technically termed 1 crystals.' A high tempéra¬
ture and short period in contact therewith gives
small pipe crystals, whilst with a low température
and longer time the starch is obtained in larger
chunks and more irregular.

Starch as it cornes from the kilns is practi-
cally dry, containing only ^ to 1 p.c. moisture,
but on exposure to the air it again takes up
moisture, and retains its normal condition, con¬
taining from 15 to 18 p.c. water as moisture.
As a rule, the loss of starch by this so-ealled
sweet proeess is about 4 p.c.

As already stated, it is of importance in the
early stage of the treatment of the corn to re-
move as much as possible of the oil and minerai
constituents of the grain by steeping, in order
that the starch may be rendered as pure as pos¬
sible, and, as an incidental product, to save ail
the refuse that can with economy be prevented

running to waste. As a rule, however, not more
than 13-7 lb. of actual dry refuse matter as eattle
food is recovered in the treatment of maize per
bushel of 56 lbs., the 56 lbs. of grain being re-
presented as follows :

Starch recovered .

Dry refuse as food
Bran (in clearing proeess)
Water in grain

Actual loss

Total

. 28-0 lbs.

. 13-7
. 0-7

. 5-6

48-0
. 8-0

. 56-0

The above figures show an actual loss of
practically 8 lbs. of the solid constituents of
the corn, which may be divided among the
various constituents of the maize as follows :

The 13-7 lbs. recovered as actual dry food is
generally recovered as containing 62-80 p.c.
moisture, and sold as such, seldom in a dry state.
Taking the analysis already given of this magma
as containing 62-27 p.c. water, the above 13-7 lbs.
would represent 35 lbs. per bushel of moist re¬
fuse recovered from one bushel of maize as pigs'
food. The wasted matter may therefore be
divided among the constituents as follows,
the following table being calculated to 2,775
bushels, at 56 lbs. to the bushel, or 155,400 lbs.
of maize, this being the average daily consump-
tion of maize in a well-known starch factory in
the United Btates:—■

—

Maize in lbs.

2,775 bushels, at 56 lbs.
= 155,400 lbs., less dirt

=2,000 lbs. = 153,400 lbs.

Food per
cent.

Food recovered
in lbs.

Totalloss
in lbs.

Maize contains :—

Water ....
Ash ....
Oil ...

•Carbohydrates
Fibre ....
Albuminoids

p.c.
10-04

1-52
5-20

70-69
2-09

10-46

15,401J
2,331.|
7,977

108,438|
3,206"

16,045£

62-27
0-27
1-31

28-90
1-58
5-67

62,510
300

1,305
29,045
1,610
5,730

2,031i
2,031^
6,672
1,693|
1,596

10,315è

Total .... 100-00. 153,400 100-00 100,500 22,3081

•Starch .... 50-00 77,700 trace trace trace

The above table will give some idea of the
loss of solid matters, other than starch, in a

factory of large dimensions, and which is en-
tirely caused by running away with the waste-
water—various valuable by-products which, one
would imagine, might easily and profitably be
recovered and utilised for many purposes at a
small extra cost.

22. Manufacture of starches for edible pur-
pses. Alimentary substances may naturally be
divided into three well-marked groups—carbo-
hydrates, proteids, and fats ; and of these fully
two-thirds, or perhaps more, of the food of man-
kind belongs to the carbohydrate group, of which
starch is by far the most important member.

In the raw state, according to Roberts (Diges-
tive Ferments, p. 17), starch is to man an almost
indigestible substance, but when previously sub-

jected to the opération of cooking it is digested
with great facility. Diastase has, at best, only a
comparatively feeble action on the unbroken
starch granule, even at the température of the
body. By the aid of heat and moisture in the
proeess of cooking the starch granule is much
more efiectively broken up, and in the gelati-
nised state is very rapidly attacked and digested
by the diastatic juices of the body.

In addition to the large quantities of starch
consumed in the natural form—as rice, potatoes,
bread, &c.—numerous forms of prepared starches
are met with in commerce as articles of food.
These differ in a most essential degree from
wheat and other cereal flours in that they con-
sist almost entirely of a'osolutely pure starch
granules, which very readily gelatinise and be-
come easily assimilated.
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In this country large quantities of edible
starch are manufactured from maize and rice,
whilst in France potatoes are largely employed
for the same parpose. The colonies furnish a
very large proportion of edible starehes, the prin¬
cipal being arrowroot from the West Indies,
Natal, India, Fiji, and Queensland.

28. Cornflour. Although the manufacture
of starch from maize lias been practised in this
country for the last fif ty years, the product there-
from—known under various names, such as
Indian cornflour, oswego, maizena—has been
used chiefly for edible purposes, whilst most of
the starch used for other household as well as

manufacturing purposes lias been that made
from wheat and rice.

The process of manufacture carried on at
présent is essentially that of Poison (Eng. Pat.
1854, No. 668), although various improvements
have been introduced from time to time. By this
process the grain is first steeped in water until
thoroughly saturated ; it is then reduced to a
pulp by means of a levigating machine, and
passed over a sieve, through which the finer
portions are forced by revolving brushes, the
coarser matters being returned to the mill to be
further levigated and re-sieved.

The separated starchy matter still contains
some gluten, fibre, and other matters, which are
separated by causing the starchy matter, as it
leaves the sieves, to flow with mueh water over
an inclined plane, by which means the heavier
starch cells subside, whilst the impurities, being
lighter, are carried off at the further extremity
of the plane. At suitable intervais narrow
pièces of wood are placed across the plane, so as
to form a sériés of dams or weirs, which inter-
cept the starch until it accumulâtes in sufîicient
quantities to be removed ; the starch thus ob-
tained is dried in the usual manner, crushed
into powder, and sent into market as corn¬
flour.

When necessary, or when a finer jiroduct is
required, the starch, as it leaves the planes, is
subjected to the alkali process, so as to dissolve
the remaining gluten ; then washed and dried as
before.

Large quantities of rice starch are treated in
a somewhat similar way, and sent out for dietetic
purposes, under the naine of British cornflour
and other fancy names.

24. Arrowroot starch or arrowroot is derived
from plants of the gsnus Maranta, the most
important member of which is Maranta arundi-
nacea, a native of the West Indies, and which
furnishes most of the genuine West Indian
arrowroot. Three other species of maranta are
also cultivated for the production of starch :
M. nobilis, M. Allouyia, which grow in the
West Indies, and M. ramosissima, which is a
native of the East Indies.

The arrowroot plant is herbaceous, from four
to six feet high, and has broad, pointed leaves.
The tuberous roots or rhizomes are pointed,
covered with scales, and sometimes a foot in
length and about the tliickness of a finger.

The starch is stored in the rhizomes of the
plant, and requires to be extraeted and purified
to render it fit for market.

The following détails of manufacture are
taken from a paper by J. W. Macdonald, on ' The

Manufacture of Arrowroot Starch in St. Vincent'
(S. C. I. 6, 334).

The first part of the manufacturing process
is to soak the roots in water, to soften the
covering and the adhering earth. They are
then stripped of the covering and washed, and
thrown into a second or rinsing tank. When
thoroughly clean they are taken to the pulping
machine. The skin is said to contain a résinons
matter, which gives a yellow tinge and unpleasant
fiavour to the starch if the latter is not well
washed. In former times the roots were skinned
with German-silver knives before being pulped.
This is said to have produced whiter starch ; but
as it was so laborious and expensive, it was dis-
continued. The skinned roots were pulped by
subjecting them to great pressure by passing
them through an upper, and then a lower and
much closer, pair of brass rollers, to break the
starch cells. The method of pulping now gene-
rnlly adopted is to feed the clean unskinned
roots against a fine saw grater very similar to
a potato grater. It is a solid cylinder of hard
wood, about 23 inches diameter and 7 inches
wide. Slits are made by a saw from end to end
of the wood at half-inch intervais. Saw blades
having six to ten teeth to the inch are then
fitted into the slits, and the whole immersed in
water to swell the wood and fix the saws. The
grater is now fitted into its place very close to
a wooden feeding bed. As it revolves severàl
hundred times per minute, it tears the roots into
shreds. A great deal, however, dépends on the
fineness of the teeth and the velocity of the
drum.

On account of the very fibrous nature of the
pulp, there is considérable difficulty in the
sieving or separating of the starch from it.
The fibres readily gather into lumps and inclose
the starch, so that hand-sieving, although very
tedious, has to be resorted to. The pulp is first
run into a box or sieve, the bottom of which is
a sheet of copper or tin punehed with holes one-
fifth of an inch diameter. While water flows on,
the contents are kept thoroughly agitated by
hand until ail the starch has been washed out.
While one strainerful is being washed, another
is being filled, so that there should be no delay.
However careful one is, there is a loss of starch
in the fibre, owing to the presence of small bits
of roots which have escaped pulping.

In one factory a stationary half-cylinder is
employed. Its under side is pierced with small
holes ; but there is a slide under this to open
or close at will. Inside there are rakes attached
to two shafts, which move in opposite directions
and cause the rakes to oscillate very rapidly
between each other, thereby keeping the fibre
always open. The starch water is let out, more
water run in, and the opération repeated until
ail the starch is extraeted, after which the fibre
is taken out. The great objection to any me-
chanical washer is the tendency of the fibre to
accumulate on the agitators and break them.
To get over this difficulty it has been proposed
to chop up or slice the roots into small, short
pièces, and either rasp them or pass them
through métal rollers or millstones, so that the
thin disintegrated pulp may flow over mecha-
nieal sieves. Although causing a loss of starch,
the présent method of rasping avoids an undue
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pulrerising of the soft yellow fibre, and so gives
a very white stareh without much trouble.

From the fibre-strainers the stareh water
flows consecutively through a sériés of brass
wire sieves of 40, 80, and 100 meshes to the
inch ; each of these retain small fleshy bits of
unpulped root. From the last sieve the water
ruas into the settling eisterns, whieh are pre-
ferably lined with white glazed tiles to avoid
accumulation of slime.

A portion of fibre collected on the finer
sieves is used for feeding the animais on the
«state ; the remainder, and ail the eoarse fibre,
is used as manure. For this purpose it is left
in lieaps until it décomposés, after whioh it is
•distributed on the fields along with pen manure ;
sometimes ashes and guano are used. The waste
water from washing the stareh contains a con¬
sidérable amount of vegetable matter, and gives
good results where it is run on the fields ; but
tbe extensive application is not practicable.
After the stareh has settled in the eisterns the
water is run off, and more added ; the whole is
stirred up again, and allowed to settle. This
generally suffices to dissolve out soluble matters.
At night ail the eisterns are drained, and the
stareh is dug out and taken to a mixing-box,
where it is mixed with a small amount of water,
tben run through another fine sieve into the
separating pans. These are small round gal-
vanised eisterns, with smooth perpendicular
sides. When filled, the starch-milk is stirred
round with a small oar until it is in violent
circulation. The oar is withdrawn, and the eis¬
terns left until morning. The stirring has the
eSect of separating the stareh from any remain-
ing impurities. These, being of less spécifié
gravity, settle last, and therefore on the top of
the stareh. Next morning the water is drained
■off, and the light, impure stareh seraped off the
surface. If the earlier parts of the prooess are
carelessly done, this séparation may have to be
repeated before the stareh is quite pure. The
impure surface stareh contains a large proportion
of stareh entangled in very fine particles of fibre
and broken cell walls. Although this can be
dried and exported as an inferior stareh, it is
generally given to the labourers as a perquisite.
It is used in various forma as flour. Poultry
and pigs are also fed with it. Weak caustic soda
extracts a colouring matter from it, but also
précipitâtes a yellow substance, malcing it very
difficult to separate the staroh from it in a pure
state.

Tbe pure stareh in the separators is now
taken out in blocks, and plaeed on trays for about
twelve hours to dry and harden. It is then
broken into smaller pièces and taken to the
drying house, where it is air-dried, the building
being open on ail sides for free circulation. It
is surrounded, however, with galvanised wire to
keep out the small birds whieh hover about.
Inside there is a sériés of wire shelves over

large shallow wooden trays. The top shelf is
made of very open wire, the next is eloser, and
so on, tbe lowest being the closest. The wet
lumps of stareh are plaeed side by side on the
top shelf, where tbey remain until, by the action
of the air, they crack up and fall through to the
next shelf. In time the whole falls through the
lowest shelf, and is in a fine granular state,

ready for packing. It contains from 14 to 17
p.c. of water. In oold, wet weather the stareh
dries very slowly, taking sometimes as long as
two weeks. During this time, if it has been
imperfectly purified, the lumps get sour and
beeome yellowish. Indeed, the whole process
must be as rapid as possible. In the settling
eisterns especially, if the stareh is left in contact
with the impure water too long, its whiteness is
affected. The crop lasts from October to May.
The name ' arrowroot ' is probably derived from
the Indian word Ara-ruta, or ' mealy root ' ; but
some say that thi,s root has been confounded
with the Maranta galanga, whieh was called the
arrowroot on aoeount of its bruised roots being
employed as an antidote to the poison of the
Jatropha Maniliot, used for poisoning arrows.

Regarding the yield of arrowroot, an acre
will produoe 13,000 to 15,000 lbs. of roots,
aeeording to the seasonj'in wet seasons the
roots are heavy and moist, and give less stareh.
A fair average yield is 22 ewts. air-dried stareh,
with 14 p.o. water, per aere, or about 19 p.e.
on good roots. There is no doubt this can be
oonsiderably inereased by the use of improved
pulping and sieving machinery.

The following analyses will give an idea of
the oonstituents of the roots, as well as of the
composition of the finished stareh :—

| Roots Stareh.

Stareh .... 27-07 83-70
Fibre .... 2-82 0-04
Fat .... 0-26 0-07
Albumen 1-56 —

Sugar, gum, &c. . 4-10 0-18
Ash .... 1-23 0-14
Water .... 62-96 15-87

100-00 100-00

The ash eonsisted of phosphate of lime and
alkaline sulphates and chlorides.

Arrowroot swells much more readily and with
less heat than maize, l'ice, or wheat stareh, and
forms a stiffer jelly. It is, therefore, well adapted
for sizing and laundry purposes. As an article
of food it must be regarded as the purest, most
digestible, and palatable of the starches.

Methods similar to the above are employed
for the extraction of arrowroot stareh in the East
Indies, Natal, and Queensland.

25. Cassava stareh or Brazilian arrowroot.
The root whieh produces this stareh is some-
what similar to that of the Maranta, and is
known as Cassava or Manioc. It belongs to
the genus Manihot, the most important of
whieh is Jatropha Manihot or Manihot utilis-
sima, a native of Brazil, but now cultivated in
India, Guiana, West Indies, and various parts
of Africa. In Brazil considérable attention has
been given to the manufacture of stareh from
various tubers and roots ; but cassava stareh is
the principal kind whieh is manufactured there,
and is known as Brazilian arrowroot. Its mode
of préparation is very similar to that of East
Indian arrowroot.

Tapioca is prepared by heating the cassava
stareh whilst still moist upon hot plates, keep-
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ing it'well stirred with an iron rod ail the time.
A large number of the starch granules burst
during the process of heating, and adhéré to-
gether in small irregular masses, in which.
form it is imported into this country. Tapioca
is partially soluble in cold water, and readily
swells up in boiling water, forming a transparent
jelly.

The natives of Brazil préparé cassava meal
by reducing the tuberous roots to a pulp either
by rasping or grinding, after having first washed
and peeled them. This pulp is then plaeed in
bags made of plaited reeds, and subjected to
pressure, so as to express the juiee. The residue
—consisting of a mixture of starch, vegetable
fibre, and albuminous matter—is partially dried
in the sun and partially on hot plates over a
slow lire, and kept continually stirred with a
wooden spoon until it is dry, but not browned ; it
is then known as cassava meal, and used for
making bread. The juice is allowed to stand
for some time, when the starch contained in it
subsides, and is washed with water, eonsti-
tuting a finer meal. The roots of the species
known as bitter cassava contain an acrid poison,
hydrocyanic acid, which, being volatile, is readily
dissipated by heat, or may be washed away with
water.

26. Curcuma starcli. In the East Indies a

starch is prepared from the tuberous root of
Curcuma angustifolia, which is sometimes known
as East India arrowroot, and said to be rather
extensively manufactured in Travancore and
other parts of North-west India.

27. Arum starch. A starch very much re-
sembling cassava starch, and which was used
as a substitute for arrowroot, and known in the
market as Portland arrowroot, was obtained
from the roots of the wild arum, or Arum macu-
latum, this plant being formerly cultivated in
the Island of Portland for this purpose.

28. Tous-les-mois. This starch, the granules
of which are the largest known, is extracted from
the rhizomes of the Canna edulis, a native of
the West Indies, principally at St. Kitts. That
which is imported into this country is used partly
in the manufacture of cocoa and partly in the
préparation of food for infants.

29. Sago. This is the name given in commerce
to a prepared starch obtained from the pith of
several varieties of palms, which are indigenous
to the Malayan archipelago, the Philippine
Islands, and parts of India. Wherever there
is a soil suitable for their cultivation, this
consists of marsh or bog land, composed of
decayed vegetables, near the sea. The principal
species are the following : Sagus Bumphii,
Sagus farinifera, Borassus flabelliformis, and
Arenga saccliarifera.

AU these palms propagate themselves by
latéral shoots as well as by seed, so that a sago
plantation, when once formed, may be said to
be perpétuai. The growth is slow at first, but
when once fairly started proceeds rapidly, until
a height of some 20 to 30 feet is attained by the
stem.

The sago tree, when eut down and the top
severed from it, represents a cylinder about 20
inches in diameter, and from la to 20 feet in
length, consisting essentially of a hard woody
tube, the interior of which is filled with starch

granules intermixed with fibrous matter. From
such a tree about 700 Ibs. of starch would be
extracted, so that three such trees would yield
nearly double as much food material as one acre
of wheat. Sago is, however, far from being
either so palatable or nutritious as it is prolific,
and even where it is more abundant is never

preferred to rice.
By far the greater portion of sago imported

into this country cornes in the raw state as sago
flour, and is used to a very large extent in the
manufacture of glucose. Singapore is the head-
quarters for exportation of sago, both raw and
manufactured being brought there from the
islands to the eastward, principally from the
north-west coast of Bornéo and the north-east
of Sumatra, with its adjacent isles from Siak to
Indragari, as well as from many other places
more distant.

To obtain the starch or flour, the trees, as
soon as they have arrived at a suitable stage of
growth, are eut down close to the roots, the
stems sawn into pièces 7 or 8 feet long, which
are split open and the pith extracted. Thisis
then pounded up in wooden mortars so as to
reduce it to powder, agitated with water in a
trough, run through sieves to free the starch
from cellular tissue and fibrous matter, allowed
to settle, and, after washing several times with
water, is dried and sold as sago flour.

What is known as granulated or pearl sago
is prepared from sago flour in the following
manner :—The flour is made into a stiff paste
with water, and rubbed through a métal sieve
into a heated, very shallow, copper or iron pan,
greased inside with vegetable fat. During the
process of heating, the starch granules are kept
constantly agitated, a portion of them swelling
and becoming pasty serve to bind the remainder
of the granules together. The resulting cohering
particles obtained in this way are called pearl
sago, of which two kinds are known in com¬
merce, one consisting of small grains about the
size of rape seed, and the other of grains about
twice or three times the size.

Granulated sago appears to have been intro-
duced into Europe in the early part of the
eighteenth century, but there is reason to believe
that the starch from the sago palm has been
used as an article of food by the natives of
those countries in which it grows from a very
remote period.

A sample of pearl sago gave on analysis:
Starch
Water
Minerai matter

Total

. 84-64

. 15-22
0-14

. 100-00

In recent times, in Germany and France,
sago has been made from potato starch, and
introduced into commerce as ' Indian sago,' the
best specimens of these imitations surpassing
real sago in appearance and whiteness ; so that
the question arises, Is there any essential dif¬
férence between the European imitation and
the real sago of the tropics ? Opinions as to
goodness of flavour differ, and in reference to
the nutritive values of the two there have been
no scientific investigations. A priori, it is not
impossible that the nutrient value of the real is
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greater tlian that of the artificial, since the
former contains more granulose. However, the
différence between the relative values of the two
is not nearly so great as the différence in price,
ivbich stands almost as 1:2.

Sago lias the property of swelling up in hot
fluids without losing its cohérence ; the granules
do not fall to pièces, but appear as transparent
and gelatinous, but not sticky, spheroids.

30. Inulin. In the tubers of the dahlia,
Jérusalem artichoke, and other plants of a
similar character, there oecurs an amylaeeous
substance which bears a very close resemblance
to starch, having identically the same ultimate
composition, and which, indeed, for ail practical
purposes may be regarded as another form of
starch. To this substance the name of inulin
bas been given.

Kiliani (A. 205, 145) préparés inulin as
follows. Boots of Dahlia variabilis are well
washed, and, after being rasped, are boiled with
water in the presence of sodium carbonate.
The liquid obtained is cooled by means of a
freezing mixture, allowed to stand some time,
and the precipitate which settles out dissolved
in hot water, filtered whilst hot, and again ex-
posed to a freezing mixture. This process is
repeated three or four times, after which the
inulin is obtained as a perfectly wliite substance.
It is then treated with alcohol, whereby any
levulose that may be présent is removed, and
the inulin finally dried over sulphuric acid in
vacuo.

Inulin is not acted upon by diastase, but is
converted into levulose when heated with dilute
acids.

31. Lichen starch. In Iceland moss there
occurs a form of starch easily soluble in water,
from which it is thrown down as a floeculent
precipitate by alcohol, and which gives the
characteristic blue colouration with iodine. It
rotâtes polarised light strongly to the right,
and is readily converted by diastase into dex-
trin and maltose. Lichen starch, therefore, ap-
pears to be a soluble, unorganised modification
of ordinary starch.

32. Qlycogen. In the livers of rnost animais
there is produced a white amorphous substancé
which forms an opalescent solution with water,
from which it is precipitated by alcohol, and
is transformed into dextrin and maltose by the
action of diastase, and to which the name of
glycogen has been given. It may be regarded
in every sense as an exact counterpart of soluble
starch, and is considered to be reserve starch
material elaborated from the sugars and other
carbohydrates consumed as food.

33. Détection of starch. The presence of
starch existing in the solid state in any substance
is most readily detected by microseopic examina-
tion, supplemented, where necessary, by the addi¬
tion of iodine solution to the slide, when the cha¬
racteristic blue colouration is at once observed
if any starch granules are présent. In this way
the presence of starch in chlorophyll granules
may be readily detected by Sachs' method (C. C.
1384, 945). The fresh green leaves are plunged
into boiling water for ten minutes ; certain
soluble substances are thereby extracted, whilst
the starch and colouring matter of the chloro¬
phyll grains remain intact. A short immersion

in 96 p.c. alcohol now removes the green colour¬
ing matter and certain bodies soluble in alcohol,
leaving the starch behind in the colourless
tissue, the decolouration proceeding more
rapidly in sunlight or warm alcohol than in the
dark and cold. After this treatment the leaves
are placed in a strong solution of iodine, made
by drssolving iodine in alcohol, and then dilu-
ting with distilled water until the liquid has a
dark-brown eolour. They are allowed to remain
in this liquid for about an hour, or until they
no longer acquire colour. If no starch is pré¬
sent the leaves are simply stained yellow ; if
they are stained slightly blaek, very little starch
is présent. If a large quantity of starch exists
in the cells, the tissue appears blue-black or
black, with a metallic lustre, the venation ap-
pearing as a pale network in the dark ground.
By this means the absence of starch from etio-
lated leaves, from the white portions of varie-
gated foliage, and from those portions of the
leaf which have been covered by paper or tin-
foil, may be readily demonstrated.

When a sample of a substance supposed to
contain starch is to be examined under the
microscope, it is first reduced to a fine powder,
if not already in that state ; a small quantity
of it is then mixed up with some water in a
watch-glass by means of a glass rod, and a
drop of the mixture placed on the slide, a cover
glass put on, any superfluous moisture round
the edges of the cover-glass carefully removed
with blotting-paper, and the slide next placed
under the microscope ; the stage should be
illuminated with rather oblique light, a £ or 1
ineh objective, with a B-eye piece, being the
most suitable magnifying power to employ.

The following points should be observed :
the size and form of the granules, the position
and character of the hilum, the nature of the
striœ or concentric rings, and the appearance
presented by the granules under polarised light.
In the latter case, it is advisable to mount the
sample in glycerin instead of in water ; a red-
green selenite plate may also be advantageously
employed. Itisonlyby careful microscopical ex-
amination that one partieular form of starch can
be diiïerentiated from another, and it is compara-
tively easy when only one kind of starch is pré¬
sent ; but when mixtures of différent starehes
occur in the same sample, the détection of each
partieular one becomes a matter of some difïi-
culty.

The following method, as given by Bell
(Chemistry of Poods, 2, 151), appears to be
practicable for most of the commonly occurring
varieties :—

To insure the homogeneousness of the
sample, it is first rubbed in a mortar, and
passed several times through a sieve. A small
quantity, say 0-5 of a grain, is then weighed
out and placed upon a glass slide, where it is
worked into a thin paste with about two drops
of water. A thin covering-glass, measuring
about 1J inch by 1 inch, is then placed over the
paste, and moved about the slide until the
paste is equally distributed and ail under the
covering-glass. With a £-inch objective and
B-eyepiece the number of granules of foreign
starch is counted in nine ' fields,' as fairly as
possible representing the entire slide. The pro-
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cess is repeated until a correct idea of the com¬
position of the sample is obtained.

Standard mixtures approximately represent-
ing the sample are then made up and treated in
exactly the same way, and, from a comparison
of the results, the percentage of foreign starch
is computed.

Wlien the percentage of foreign starch is large
it is advantageous, in order to facilitate the
eounting of the granules, to insert in the eye-
piece a slide accurately divided into squares.

In cases where the granules of added starch
are so small and numerous that it is impossible
to count them, as with riee starch, a similar
process of preparing the slides is followed, and
as correct an estimate of the foreign starch is
made as is possible by a comparison of the ap-
pearance of the sample with that of the standard
mixtures.

It is often advisable to use a dilute solution
of iodine instead of water in preparing the
slides for examination, as the resulting coloura-
tion of the starch granules renders them more
distinctly visible.

As an aid to their microscopical examination
and récognition, Allen (Commercial Organic
Analysis, 335), following Muter, arranges the
starches into five classes, having the following
général characteristics :—

I. The Potato Group includes such oval or

ovate starches as give a play of colour when
examined by polarised light and selenite plate,
and having the hilum and concentric rings
clearly visible.

II. The Leguhinous Starches comprise such
round or oval starches as give little or no colour
with polarised light, have concentric rings ail
but invisible, though becoming apparent, in
many cases, on treating the starch with chromic
acid, while the hilum is well marked, and
cracked or stellate.1

III. The Wheat Group comprises those round
or oval starches having both hilum and con¬
centric rings invisible in the majority of granules.
It includes starches from wheat and some other
cereals, and a variety of starches from médicinal
plants, such as jalap, rhubarb, senega, &c.-

IV. The Saûo Group comprises those starches
of wkich ail the granules are truncated at one
end. It includes some starches used for food,
together with those from belladonna, colchicum,
scammony,podophyllum,canella, aconite, cassia,
and cinnamon.

V. The Rice Group contains the starches, ail
the granules of which are polygonal in form.
It includes the starches from oats, buckwheat,
rice, pepper, and ipecacuanha.

34. Microscopical appearance of différent
mrieties of starch. The microscopical appear¬
ance of the différent varieties of starch granules
is shown in the following illustrations, which
are taken from Dr. Bell's Chemistry of Foods,
Pt. II., by the kind permission of the author.

Class I.—(a) Canna, or Tous les mois (fig.
15). The granules of this starch are the largest

1 Ail thèse starches présent very close resemblances,
and are generally indistinguisliable from each other when
in admixture.

a The cereal starches may be divided into two well-
defined groups, wheat, barley, and rye starches being
circular, or nearly so, while the starches of rice, nuize,
bnckwlieat, and oat are polygonal.

known, are ovate in form, rounded at one end,
and more or less pointed at the other, near which
is sitnated the circular hilum. The rings are
well marked, but not complété.

(5) Potato (fig. 16). Granules vary much in
form, the smaller ones being more or less
spherical, whilst the larger are ovate or oyster-
shaped. The hilnm, which may be circular or
stellate, is generally near the smaller end. In
the larger granules the concentric rings are very
distinct and complété.

(c) Maranta or arrowroot. Aceording to
Bell, Bermuda arrowroot (fig. 17) may be taken
as the most perfect type of a maranta starch.
In no other kind of arrowroot do the granules
so generally exhibit an irregularly oval form,
with the peculiar, small, nipple-like projection
near one end, and where also is situated the
hilum, which is either circular or linear. The
rings are concentric and numerous, always
visible, but not strongly marked.

(d) Natal arrowroot (fig. 18), as compared
with Bermuda, may be taken as an example of
the divergence whieh oecurs in the form, size,
and général appearance of the starch granules
yielded by différent varieties of maranta. The
hilum is generally linear. The rings are very
distinct under water.

Class II.—Bean, Pea, and Lentil (figs. 19,
20). These starches are very similar in ap¬
pearance, and not distinguishable from one
another in mixtures. The granules are oblong,
kidney-shaped, and irregularly formed, most of
them having a longitudinal eavity running along
each granule lengthwise, and from which, in
many instances, furrows diverge to the right
and left, imparting to their surfaces a fractured
appearance.

Class III.— Wheat (fig. 21). The granules,
which are nearly circular, présent a flattened ap¬
pearance under the microscope, and are generally
of two sizes—large and small. Hilum central;
rings concentric and very faintly marked.

Barley (fig. 22). The granules are very
similar to those of wheat, but rather more

irregular in shape.
Bye (fig. 23). The granules of this starch

are larger than those of wheat or barley, are
more circular in form, and présent a flattened
appearance and fractured surface. The hilum
in the majority of the granules is stellate.

Class IV.— Sago (fig. 24). The granules are
elongated, rounded at one end and truncated at
the other. Hilum circular, stellate, or linear,
near eonvex end. The rings are concentric,
numerous, and but faintly visible.

Cassava (fig. 25). The granules are similar
to those of sago, but not so elongated, presenting
more the appearance of a kettledrum. The
hilum, which is well defined, is situated near
the centre.

Arum (fig. 26). Somewhat like cassava, but
much smaller.

Class V.—Bice (fig. 27). The granules of
this starch are the smallest of ail the commercial
starches, and arepentagonal or hexagonal in form.
Hilum extremely minute, but distinct with a
very high power.

illaize (fig. 28). The granules are polygonal,
but approaching to circulai', and are intermediate
in size and général appearance between the starch
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Fig. 24.

Fig. 21.

Fig. 23.
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granules of wheat and oats. The hilum is cen¬
tral and stellate.

Oat (fig. 29). The granules are triangular
to hexagonal in form. Both rings and hilum
are invisible except under very high powers.

For illustrations of various other forms of
starch granules, see under ' Starch ' in Payen's
Chimie Industrielle.

35. Estimation of starch. Various methods
have been proposed and described for the dé¬
termination of starch in différent substances,
both as raw materials and products of manufac¬
ture. As the conditions under which starch oceurs

in such substances vary so mueh, it naturally
follows that one and the same method cannot
be applied for its estimation in ail cases, but

the same général principle applies to ail—viz.
the extraction of the starch, either in a state of
purity or after its décomposition into dextrin
and maltose, or into dextrin, maltose, and dex¬
trose, then estimating the amount of these starch

products by one of the methods given undér
Saccliarimetry, art. Sugak.

Several methods have been proposed for the
direct estimation of starch—such as précipita¬
tion with solution of iodine, barium hydroxide—
but none of these methods can be said to have
yielded, up to the présent, sufficiently reliable re-
sults, and the method of indirect estimation
must be regarded as the only one approaching
to accuraey. According to this, the starch in
the substance under examination is brought into
a state of solution, either as soluble starch, or
as dextrin and cupric reducing sugars, by heat-
ing the substance for a certain time with
glycerin, acid or diastase solution, and after
filtration either carrying the process of décom¬
position further, or estimating the starch pro¬
ducts first formed.

The most général process employed for the
estimation of starch consists in the conversion
of starch into dextrose by boiling with dilute acid

(2 p.c. or more) for somehours, either with or witli-
out pressure, and estimating the dextrose by
means of Fehling's solution. This process, even
when most carefully condueted, is incapable of
yielding anything like accurate results, these in-
variably coming out too low ; on the one hand
from the incomplète conversion to dextrose, on
the other through over conversion, giving rise
to condensation products having a much less or
no cupric-reducing power.

A method giving fairly good results is ob-
tained by boiling the starch with dilute acid for
about half an hour to one hour, or until iodine
solution shows the disappearance of starch, and
then estimating the products of décomposition.

Twenty-five grms. of the substance are placed
in a beaker, and heated on the water-bath with
about 200 c.e. water containing 2 c.c. of strong
hydrochloric acid, stirring occasionally for about
one hour. The solution is then cooled down to
the normal température, transferred to a 250
c.c. flask, the beaker washed out two or three
times with water, and the washings added
to the liquid in the flask until it is made up to
the containing mark at 15'5°C. The wliole isIRIS - LILLIAD - Université Lille 1



590 STARCH.

then well shaken and filtered, and the sp.gr.
taken. The same quantity o£ acid as was taken
for the conversion is introduced into a 250 c.c.

flask, and diluted with water to the containing
mark, the sp.gr. of this deducted from the
sp.gr. of the starch conversion gives the sp.gr.
due to the starch products, the resulting dextrin,
maltose, and dextrose being estimated in the
usual way.1

Where the starch, either as raw material or
as a manufactured product, is required for the
purpose of making glucose, it is often for teeh-
nical purposes sufflciently accurate to heat the
substance under examination with acid as above,
but for three hours, using an inverted condenser,
and estimate the starch products or yield of
extract from the sp.gr. only of the solution.

Hônig (Chem. Zeit. 14, 868) describes a
method for the estimation of crude fibre and
starch based upon the action of boiling glycerin
upon starch which appears to the writer to offer
a ready means for the détermination of starch
in potatoes and other tubers, roots, and fibroug
substances.

The finely-pulverised (or grated) material is
placed in a test tube along with some glycerin,
and supported in a bath of concentrated sul-
phuric acid or some other suitable liquid which
can be raised to a high température, and then
gradually heated to 210°C., for about half to
three quarters of an hour. The tube is then taken
out of the bath, cooled to 130°, the contents
poured into 95 p.c. alcohol, the tube rinsed out
with a little water, and ether added. The preei-
pitated soluble starch is washed with a mixture
of alcohol and ether (5 :1), drained, and boiled
with water containing 2 p.c. hydrochloric acid
for half an hour. The starch dissolves, and is
filtered from the cellulose, further inverted, and
the starch products estimated in the usual way.

Or the precipitated soluble starch may be
dissolved in water, boiled until the alcohol is
ail expelled, cooled down to 65°C., treated with
diastase, and the dextrin and maltose deter-
mined.

For the estimation of starch in ail the cereals,
raw as well as malted, the method recommended
by O'Sullivan (C. J. 45, 1) is undoubtedly the
best and most reliable, and is carried out in the
following manner :—

A fair sample of the grain is taken, and of
this 5T grms. are weighed roughly, and ground
fine in a coiïee-mill, kept clean for the purpose.
Of the finely-ground iiour, 5 grms. or there-
abouts, accurately weighed, are introduced into
a wide-necked flask, capable of holding 100 to
120 c.c. The fiour is just saturated with alco¬
hol, sp.gr. 0*82, and then 20 to 25 c.c. ether
added. The flask is eorked and put aside for a
few hours, the deposit being shaken occasionally.
The clear ethereal solution is decanted through
a filter, and the residue washed by décantation
with three or four fresh quantities of ether, the
washings being passed through the filter. To
the residue 80 to 90 c.c. alcohol, sp.gr. 0-90, are
added, and the mixture kept at 35-38° for a few

1 This method always gives results which are too high,
due to a small portion of cellulose becoming converted
during the digestion with acid, but as this also happens in
the manufacturing process a fair idea may be obtained of
the quantity of commercial giucose obtainable.

hours, with occasional shaking. The alcokolic
solution, when clear, is decanted through the
filter used in filtering the ether solution, and
the residue washed a few times by décantation
with alcohol, of the strength and at the tempéra¬
ture indicated. The residue in the flask, and
any little that may have been decanted on the
filter, is then washed with water into a beaker
capable of holding half a litre, and the beaker
nearly filled with water. In about 24 hours the
supernatant liquid becomes clear, when it can be
gradually decanted through a filter. The solu¬
tion filters bright, but in the case of barley and
oats exceedingly slowly at times; the malted
grains, as well as wheat, rye, maize, and riee,
yield solutions requiring no excessive time to
filter. The residue is repeatedly washed with
water at 35-38°, but even this treatment
does not completely free barley and oats from
œ-amylan, which dissolves with the greatest
difficulty at this température. The residue is
then transferred to a 100 c.c. beaker, and the
portion adhering to the filter washed by opening
the filter paper on a glass plate, and removing
every partiele by means of a cameTs-hair brush,
eut short, and a fine-spouted washbottle. When
the transference is completed, the beaker, which
should not now contain more than 40 to 45 c.e.

of liquid, is boiled for a few minutes in the
water-bath, care being taken to stir well when
the starch is gelatinising, to prevent 1 balling '
or unequal gelatinisation. After this the beaker,
still in the bath, is cooled to 62-63°, and 0*025
to 0*35 grm. diastase, dissolved in a few c.c. of
water, added. A trace of the solution ceases in
a short time to give a blue colour with iodine,
the starch being completely decomposed and
dissolved. Yet it is well to continue the diges¬
tion at 62-63° for an hour, as the solution, as a
rule, filters better. At the end of that time the
contents of the beaker are boiled for eight or ten.
minutes, thrown on to a filter, and the filtrate
received in a 100 c.c. measuring flask. The
residue is carefully washed with small quantities
of boiling water at a time. When the flask is
nearly full its contents are cooled down to 15*5°,
and made up to 100 c.c. with water at that tem¬
pérature. If care be not taken to put on small
portions of water at a time during the washing,
the filtrate may exceed 100 c.c. before the residue
is perfectly free from soluble matter; in this
case the solution must be evaporated to less than
100 c.c., and then made up to that bulk after
cooling to 15'5°.

Treatment with ether frees the grain from
fat, &c., alcohol of 0*90 removes the sugars,
the albuminoids other than casein, &c., and
water at 35-38° is intended to dissolve the
amylans, &c., whilst the diastase is made to act
on the residue at the température and under the
conditions that it dissolves starch. The 100 c.c.

solution contains, therefore, the products of the
transformation or décomposition of the sub¬
stance.

For manufacturing purposes, however, the
mere détermination of the total amount of starch
in a sample of grain is of little value, as no dis¬
tinction is made hetween the insoluble and
soluble starch, as the latter is useless if the
grain is to be used for making starch. Also the-
amount of gluten seriously affects the quantity
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of starch obtainable from the grain, for which
allowance must be made in valuing the sample.
According to Schreib (Z. 1888, 24), eaeh part
of gluten in rice causes the loss of an equal
quantity of starch in the course of manufacture ;
consequently, a sample of rice containing 78 p.c.
of starch and 4 p.c. of gluten would be more
valuable than a sample containing 80 p.c. of
starch and 8 p.c. of gluten, as 74 p.c. of starch
could be obtained from the former, and only 72
p.c. from the latter (the yield being found by
deducting the percentage of gluten from the
total starch in the sample). In the case of
wheat the gluten is a valuable by-product, but
in rice it is so difficult to separate from the
starch—and when separated can only be sold for
cattle-feeding or manurial purposes—that the
less gluten the rice contains the more valuable it
is. Schreib prefers, in making an analysis of
' broken rice,' to estimate the gluten, ash, and
moisture, and détermine the starch by différence,
after making a fixed allowance for the other
non-starchy constituents of the grain—that
is, fat, sugar, gum, and cellulose. The whole
analysis by this method can be flnished in four
hours, or considerably less time than is required
for a direct estimation of the starch by the
methods already given.

Several varieties of starch are largely used
in the adultération of cocoa and chocolaté, sago
being frequently used for this purpose ; but, owing
to the variable amount of starch in cocoa beans,
a chemical analysis of the supposed adulterated
article cannot be regarded as décisive, unless the
percentage of starch found amounts to more
than 10 p.c. In such cases it is advisable to
resort to microscopical examination, and for
this purpose the chocolaté is best deprived of its
fat and sugar before being placed under the
microscope. The following method of examina¬
tion is recommended by Hartwieh (Chem. Zeit.
12, 375). The numberof starch granules (which
may be stained with iodine solution if ad¬
visable) in each field is counted, and a mean
taken ; a pure chocolaté is then mixed with a
corresponding amount of the supposed foreign
starch, and examined in the same manner. In

The starch met with in commerce and used
for laundry and manufacturing purposes is almost
exclusively derived from rice, maize, and pota-
toes, and generally contains very little or no
impurities. These, when they do occur, consist
of vegetable fibre, gluten, or albuminoid matter,
remains of pulp water, and other minéral
matters. Fibre gets into the finished starch
owing to imperfect arrangement of the sieves.
Bemains of pulp water in starch are owing to
bad washing, whilst the presence of sand and
other minerai matter may be due to the mixing
of that portion of the starch which settles in
the washing tanks next to the axis of the stirring

this way the quantity of starch added as an,
adultérant may be estimated with sufficient
accuracy.

For estimation of starch in fodder, Leclera
(J. Ph. [5] 21, 641) gives the following method :
5 grms. of straw, hay, &c., are placed in a 250 c.c.
flask, 10 c.c. of water added, and shaken about until
every particle of the substance under examina¬
tion is thoroughly moistened. 180 c.c. of a neutral
zinc chloride solution, sp.gr. 1-450, are next
added, and the whole heated in a sait-water bath
at 108°C. for 1J hours. The flask is then taken
out and cooled down, and the volume made up
with zinc chloride solution to 253 c.c. at normal
température and filtered. From 25 c.c. to 100 c.c.
of the filtrate is poured into a beaker containing
2 c.c. to 8 c.c. of hydrochloric acid and a sufficient
quantity of 95 p.c. alcohol added to precipitate
the whole of the dextrin and starch. After
twenty-four hours the precipitate is collected on
a tared filter and washed with 90 p.c. alcohol
containing -5 p.o. hydrochloric acid until free
from zinc chloride. The acid is then washed out.
with alcohol alone, and the precipitate weighed,.
then burnt, and the weight of the ash, of which
there is usually a little, being carried down by
the alcohol with the starch, deducted.

Starch is of very général occurrence in
paper, and may be very easily detected by
moistening the latter with a dilute solution of
iodine, the intensity of the violet to blue coloura-
tion often forming the only means employed to
ascertain the quantity of starch présent. For the
quantitative estimation of it Wûrster (D. P. J.
229, 538) proceeds as follows. The quantity of
water présent is first estimated, then the resin,.
by boiling out with alcohol, drying the paper,.
and weighing. The starch is next dissolved out by
boiling the paper for some time with a mixture of
equal parts of water and alcohol, to which a few
drops of hydrochloric acid are added, and drying
and weighing the residual paper ; but, since the
acid causes a certain loss in minerai constituents^
the ash must be determined in the paper before
and after extraction, and the différence deducted
from the resuit. The following p.c. results were
obtained on analysis by this method:—

apparatus, with the bulk of the starch—or to.
addition as an adultérant.

The quantity of minerai matter in starch
should not exceed 0-5 p.c. When it is more than
this, minerai matter, frequently barium or calcium
sulphate, bas been added ; or the starch bas been
carelessly washed and not properly purified- in
this case the other impurities will also be high.

As has already been stated, the proportion of'
moisture in ordinary air-dried starch averages
about 18 p.c. It may be determined by drying
the starch m vacuo over sulphuric acid, and
finishing off in a current of dry air at 100°C.,.
the température being very gradually raised t<>

Paper Water Resin Starcli Asli
Fibre and cellulose

by différence

Fine post, thin 7-2 2-9 3-5 1-8 84-6
Fine post, médium . 7-6 5-4 31 1-9 82-0
Fine post, strong 7-2 3-4 3-7 7-8 77-9
Common writing paper 5-8 3-9 9-1 33-4 47-8
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this point. If the stareh is at ail acid, this
must be neutralised by moistening it with a
few drops of very dilute ammonia.

For the estimation of water in potato stareh,
Saare (Chem. Zeit. 52, 934) has worked out a
method which combines rapidity of exécution
with sufficient aceuracy for technical purposes.
100 grms. of the stareh are rinsed into a tared
250 c.c. iiask, whichisthen filled up to the mark
with water at 17-5°C. and weighed ; the weight
of the empty flask is now deducted from this,
and the percentage of water corresponding to
the différence found from the following table

Weiglit found
"Water

p.c. Weight found
Water

p.c.

289-40 0 277-20 31
289-00 i 276-80 32
288-60 2 276-40 33
-288-20 3 276-00 34

■ Ï87-80 4 275-60 35
287-40 5 275-20 36
287-05 6 274-80 37
286-65 7 274-40 38
286-25 8 274-05 39
285-85 9 273-65 40
285-45 10 273-25 41
285-05 11 272-85 42
284-65 12 272-45 43
284-25 13 272-05 44
283-90 14 271-70 45
283-50 15 271-30 46
283-10 16 270-90 47
282-70 17 270-50 48
282-30 18 270-10 49
281-90 19 269-70 50
281-50 20 269-30 51
281-10 21 268-90 52
280-75 22 268-50 53
280-35 23 268-10 54
279-95 24 267-75 55
279-55 25 267-35 56
279-15 26 266-95 57
278-75 27 266-55 58
278-35 28 266-15 59
278-00 29 265-75 60
277-60 30

The results obtained are correct to 0'5 p.c.
The method may also be applied to the estima¬
tion of the water in ' green ' stareh, and may be
used for testing the progress of the drying pro-
cess in the drying chambers. J. H.

STAR SAFPHIRE v. Coeundum.
STEAM. Steam is water changed from a

liquid to an aeriform state, or water vaporised
by the ageney of heat. By Englrsh engineers
one unit of heat is the amount required to raise
1 lb. of water from 32° to 33°F. ; practieally
every addition of 1 unit of heat to 1 lb. water
in an open vessel increases the température of
the water by 1°, up to the boiling-point, 212°F.
The addition of heat after that does not increase
the température, but converts the water, or a
portion of it, into steam.

The quantity of heat required to convert 1 lb.
of water into steam, from an open vessel, or at
atmospheric pressure,is 1146-1 units, as given in
the third column of the table (p. 596) of the
properties of saturated steam.

In a closed vessel, such as a steam boiler, the
température at which steam is produced diffevs
with différent pressures (see Table, p. 596). The
total quantity of heat required to convert 1 lb. of
water into steam is very nearly the same at ail
pressures (see Table).-

Let a be the cylinder of a steam engine, and
6 the piston, and let the piston occupy the
dotted position c. Now let steam at 40 lbs.
pressure per square irich above the atmosphère,
or 54-7 lbs. absolute (40 + 14-7), be admitted
behind the piston, and let the admission be
continued till the piston arrives at d ; then let
the steam supply be stopped. The piston can
then make no further movement except by virtue
of the expansive force of the steam. Assume
the piston to have moved to the position b, or
four times as far from the end of the cylinder as
the point d, where the steam supply was stopped;
the steam in the cylinder will then have been
expanded to four times its former volume.

Now if we select a scale on which the height
from e to / represents 54-7 lbs., and make e, »
equal to 14-7 lbs., we shall then be able to com¬
plété the figure e, /, d, g, h, e, the area of which
represents the total force exerted by the steam
on the piston, the ordinates of the curve repre-
senting on the scale the pressures at the différent
points occupied by the piston in its movement.

Assuming the cylinder and piston to be per-
fect non-conductors of heat, the expansion of
the steam in the cylinder would follow Boyle's
law for the expansion of a perfect gas—viz.
that the pressure varies inversely as the volume.
We have assumed the steam to have now ex¬

panded to four times its former volume; its
54-7

pressure will then be = 13-67 lbs.
To find the pressure at any point between d

and g, draw the line k, d, parallel to c, / and
perpendicular to e, h; then take any point)»,
making m, n parallel to k, d ; join /, m, and draw
d, n parallel to /, m. The point n is a point in
the curve of pressures, and m, n represents on
the scale the pressure of the steam when tbe
piston was at that point. Ail other points in
the curve d, n, g can be determined in the same
way.

The average pressure of the steam diagram,
e, f, d, g, h, e may be calculated thus :

Let e = the ratio of expansion ; h, the hyper-
bolic log. of the number expressing that ratio ;
p, the initial pressure of the steam ; p, the mean
pressure—then
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Taking the example before us
» = 4, h = 1-386, p = 54-7 ;

then 54-7 —— * = 32-6 lbs. mean pressure.

We have assumed tliat tbe pressure of steam
lias been fully utilised down to the line e, h, or
line of no pressure or perfect vacuum. In prac-
tice this is not realised, and the bottom line of
tbe actual steam diagram is generally 2 lbs.
above that of a perfect vacuum ; the real mean
pressure would therefore be not 32-6 lbs., but
30-6 lbs. We have assumed the steam-engiue
cylinder to be a perfect non-conductor of beat.
It is not so, and the practical effect of its con-
ducting power is, that during the former part of
the stroke of the piston, steam is being condensed
in the cylinder, and during the latter part it is
re-evaporated.

The heat exchanges which take place in the
steam-engine cylinder produee losses which are
of too complieated a nature to be fully dealt
with in a short article. The subject can only be
touched on very briefly. The losses are, in prac-
tice, lessened by surrounding the steam cylinder
with steam at the full boiler pressure, or by
steam of a higher pressure, thereby keeping the
walls of the cylinder at a higher mean tempéra¬
ture than that of the steam passing through
the cylinder, and also by expanding the steam in
more than one cylinder, or in what is ealled a
compound engine.

The horse-power of a steam engine was fixed
by James Watt to be 33,000 lbs. raised 1 foot
high per minute.

Let a = the area of the piston in square inches.
Let s = the number of feet per minute the

piston travels.
Then the indicated horse-power is

axsxp
~~330Ô0 '

In practice the actual horse-power given out
by steam engines varies from 75 to 95 p.c. of the
indicated horse-power, 5 to 25 p.c. being lost by
the useless résistance of the engine itself.

One pound of best Welsh eoal will evaporate
inagood Lancashire or Cornish boiler 10| lbs.
of water, if the feed water is introduced at 100°F.

The consumption of steam or feed water per
indicated horse-power per hour by the best ex-
pansive working engines may be taken to be
approximately as follows :

Weight of steam
or feed water per
I. H. P. per hour.

Single cylinder, non-condensing \ gQ t 4Q lbg
engines . ... j

Compound cylinder, non-con- \ gg gg
densing engines . . / "

Single cylinder, condensing 1 bg gj
engines . ... j "

Compound cylinder, condensing ) ^ og
engines . ... j "

To find the quantity of condensing water re-
quired for a given engine, it is only necessary to
know the quantity of feed water or steam used
by the engine and the pressure of steam. A
reference to the steam table will enable one to
find the total heat-units in the steam used ; ail
that heat must be taken up by the condensing
water in raising it from 60°, the normal tempéra¬
ture of the atmosphère, to 100°I\, or in raising

Vol. III.—T

it 40°. One pound of water tben takes up 40
heat-units, and 1 gallon 400 heat-units.

Steam boilers.

Cornish boilers are cylindrical, with a cylin-
drical fiue tube through from end to end ; a
medium-size boiler is 5 feet in diameter and
24 feet long, with a flue tube 2 ft. 9 in. diameter.
The first 6 feet of the fiue tube is oceupied by tbe
fire-grate, having a surface of 16-5 square feet.

Lancashire boilers are similar in construction
to Cornish boilers, except that they have two
flue tubes instead of only one. Large factory
boilers are usually 7 feet diameter by 30 feet
long, having two fiue tubes, each 2 feet 9 inches
diameter. Such a boiler would have a total fire
grate surface of 33 square feet, and would burn
from 10 to 15 lbs. of coal per square foot of fire
grate per hour.

Taking a consumption of 10 lbs. per square
foot, the coal burnt per hour would be 330 lbs.

Such a boiler would evaporate 9 lbs. of water
from 60°F. per 1 lb. of coal, so that the evapora-
tion of water would be, on the above estimate,
2,970 lbs. per hour.

A fairly economical engine should give au
indicated horse-power with 20 lbs. of steam per
hour. The indicated horse-power produced from
such an engine using the said boiler would be

2970
=148 indicated horse-power.

20 F
Priming. A boiler is said to prime when

particles of water are earried from it to the
engine by the steam. Priming may take place
because of too rapid an evaporation from a given
area of water surface, 01- because of particles of
solid matter, or oil or grease, on the water.

Water for feeding steam boilers should be
clean and almost free from solid impurities.
Hard water causes incrustation ; distilled water,
and rain water which has flowed over peaty soil
act very injuriously on the rivets and plates of
boilers. The action is correeted by the addition
of a very small quantity of lime.

BoiUr efficiency. A good Cornish or Lanca¬
shire boiler will utilise in evaporation 10,500
heat-units with coal which gives off 14,000 heat-
units per lb. during combustion, or, in other
words, will give an efficiency of 75 p.c.

Steam diagrams.
We get oui- knowledge of what actually takes

place in a steam-engine cylinder from the
indicator. This instrument is illustrated by
fig. 2. It consists of a drum a (on which is
fastened a sheet of paper) made to partly rotate
backward and forward on its axis by means of a
cord connection 6 to a moving part of the engine,
having the motion of the piston on a reduced
scale. At the side of the drum is placed a small
cylinder c having a piston held down against the
steam pressure by a spring of known tension. Let
the piston be one square ineh in area, and the
tension of the spring 30 lbs. to the ineh ; then a
pencil attached to the piston would indicate by
its position the pressure of steam on the piston,
at a scale of 30 lbs. per square ineh.

Tbe pencil is made to mark a horizontal line
on the paper before the steam is turned on to the
indicator piston ; that line is termed the atmo-
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Vacuum Line
Averace Pressure 1-8 Lfl-3 Per Square Inch

Fig. 3.

The friction of an engine for a given speed
can be ascertained from the indicator. It is only
neeessary to run the engine at that speed with-
out employing it to do any work, and then to
take an indicator diagram : the diagram will give
the measure of the power absorbed by the engine
in overcoming its own friction, and is called a
friction diagram. An example is given in fig. 3.

Fia. 5.

During the exhaust stroke of the engine the
cylinder is reduced in température by the influ¬
ence of the cold condenser, or, in the case of
non-eondensing engines, by the exhaust steam.
That influence is mitigated in the Cornish engine
by its being single-acting, and only exhausting
into the condenser from one end of the cylinder-
viz. that remote from the end -which receives
steam from the boiler. This is an element of
economy in the Cornish engine.

The diagram (fig. 5) is an example of con¬
sidérable expansion in a single-cylinder rotative
engine.

Fia. 2.

ail parts of the engine stroke. It is évident that
the area of the figure représenta the total force
exerted behind the engine piston, and the average
height of the diagram the average pressure of
steam during that stroke. The average height—
or, in other words, the average pressure—is
obtained by the ordinary method of measuring
irregular figures.

This is the praetical method of indicating a
steam engine. When a great number of diagrams
have to be measured, a planimeter is often
employed. Having found the average pressure
of the steam, the indicated horse-power is ob¬
tained by the formula already given.

Atmospheric Line.

spheric line, as it indicates the pressure of the
atmosphère. The indicator being attached to
one end of a steam cylinder by means of a pipe,
and the drum being made to turn by the engine,
the pencil is caused to describe a figure on the
paper of the drum like that on fig. 1, in which
the horizontal length represents the stroke of the
engine on a reduced scale, and the vertical
height the pressure of steam in the cylinder at

Fig. 4 is a diagram from a Cornish engine.
The Cornish engine is single-acting, the -work
being done on one side of the piston only.

Steam is admitted at a, it is eut off at b, ex-

panded to c, then communication isopenedfrom
the active sideof the piston to the other side; in
other words, the piston is placed in equilibrium
for the return stroke till it gets to d, then the
equilibrium valve is closed, and the steam is
compressed in the remaining space, raising its
pressure to a. The small diagram below is taken
from the opposite side of the piston, the top line

Vacuum Line
Averace Pressure 16-23 l-* Per Square Inch

averace Pressure I6-.LLB-S Per Square Inch

representing the pressure on the equilibrium
stroke, and the bottom line the back pressure of
the condenser.

In numerous cases of expanding steam in an
engine cylinder, there is a deficiency of pressure
(from Boyle's law) in the former part of the
stroke, and an excess of pressure towards the
end of the stroke, as indicated by the dotted line
in figs. 4 and 5. The sides of the cylinder being
colder than the entering steam, a certain portion
is condensed, to bere-evaporated after the cut-off
has taken place. It is évident that any -water
found in the cylinder, or brought over with the
steam, will be at the température of the steam,
and a portion of it, at least, will bere-evaporated
on a fall of pressure, partly from its own heat
and partly from the heat of the cylinder walls.
This re-evaporation is especially the case if the
cylinder is surrounded by a steam jacket.

Atmospheric Line
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Figs. 6 and 7 are diagrams from the higli
and low pressure cylinders, respectively, of a
modem compound pumping engine. The boiler
pressure here employed is 80 lbs. per square
inch. The steam is first expanded in one

Vacuum Line
Averace Pressure 27 3 l'j Per Square Inch

Fia. 6.

cylinder, and then further expanded in the
second.

In the Navy it has been found that working
with much higlier pressures, and greater ranges
oi expansion, it is more economical to use three

Atmospheric Line

Vacuum Line
Averace Pressure 10-3 L"-3 Per Square Inch

FIO. 7.

cylinders, or what are called triple-expansion
engines.

Examples of diagrams from such engines are
shown in figs. 8, 9, and 10, which are from the
first, second, and third cylinders, respectively
of a modem triple-expansion marine engine.

The steam engine, with ail engines operated
by heat, may be classed under the général term
'beat engines.'

Heat and mechanical energy are mutually
convertible. A piece of iron beeomes hot by
hammering it. The mechanical energy of the

blow of the hammer is lost as mechanical energy,
but reappears in the iron struck in the form of
heat.

Dr. Joule determined the mechanical équiva¬
lent of one unit of heat to be 772 lbs. raised 1
foot high.

Steam is simply the agent by means of
which heat is made to produce mechanical work.
Other substances may be used— such as air in
the hot-air engine, and a mixture of gas and air
in the gas-engine—but in ail cases for every 772
units of work done one unit of heat disappears.
AU heat engines are very imperfect—that is, they
only convert a small portion of the total heat
employed into work. In the steam engine, heat
is received in the steam from the furnace, and
passes through the engine, a portion becoming
mechanical energy in the work done by the
engine, and the remainder passing away, in the
case of a non-condensing engine, into the atmo¬
sphère as exhaust steam, and in the case of the
condensing engine into the water of the con¬
denser. The heat so passing away is termed
' rejected ' heat.

There is a fall of température between the
inlet and outlet pipes of the engine, or between
the heat received and the heat rejected. This
fall in température produees mechanical work.
It may be illustrated by the familial' example of
water falling from one élévation to another over
a water-wheel, and thereby producing mechani¬
cal work. In the case of the steam-engine, it i3
only possible theoretically to convert a portion
of the heat into work, because the lowest tem¬
pérature at which the steam can be rejected is
that of the atmosphère, or normally 60°F. In
practiee, the température rnust be much higher,
212°F. for non-condensing engines, and about
100° for condensing engines.

In 1824 Sadi Carnot enunciated the great
principle that the highest possible efficiency of
heat engines, whatever their working substance,

T — tis expressed by —,p-> in which T and t are the
highest and lowest températures between which

T — tthe engine works, —expressing the fraction
of total heat available for the production of
work.

T and t are absolute températures, the zéro
of which is 461° below the zéro of Fahrenheit's
scale.

Taking steam at 80 lbs. boiler pressure, or
94'7 lbs. absolute, and using it in a condensing
engine, in which the exhaust température is
120°F., then

T-< 785-581
T 785

= •259, which re-

presents the heat efficiency of a perfect engine
working between the températures 324CF. and
120 JF.

A superior condensing steam engine, working
with say 94'71bs. absolute pressure, will use 15 lbs.
of feed-water per indicated horse-power per hour
—that is, 15 lbs. per 33000 x 60 = 1980000 unit3
of work; dividing by 772, Joule's équivalent,
we have 2564 as the équivalent units of heat,
or about -14 of 17700, the heat-units in 15 lbs.
of steam at 94-7 lbs. pressure.

According to Carnot's theorem, the fraction
of heat available for the production of work in

Q Q 2

Les. Boiler Pressura, 145 Ibs.pcr Sâ.înch above atm. iss.
Mû.: ■ r— -i i - i l 1 .'40

tom

IRIS - LILLIAD - Université Lille 1



596 STEAM.

the above example is 17700 x -259, and the real
effieiency of such an engine using 15 lbs. of
steam per indicated lrorse-power per hour is

work done
_ 1980000 _

work available 17700 x -259 x 772
The steam engine is déficient as a heat

engine, in that it does not work with a greater
range of température.

In the steam-engine work is done by a
change in the volume of the steam, and theoreti-
cally the greatest effieiency is reached when the
whole of the change of volume talces place in

the engine itself ; that is to say, when the steam
has been expanded down to the atmospheric
pressure in non-condensing, and to the back
pressure in condensing engines.

Steam may be regarded as a perfect gas, for
the purpose of an approximate généralisation ;
but as it is generally found in the steam-engine,
it is a mixture of steam and water. It is used
in a highly-conducting cylinder, giving rise to
complicated actions, the results of which liave
been more satisfactorily determined by experi-
ment than by theory.

Properties of saturated steam.

Total pressure
per sq. in.

Température in
Fahr. degrees

Total lieat, in
Fahr. degrees
from water at

32°F.

Latent heat,
Fahr. degrees

Density, or
weight of one

cubic foot

Volume of one

pound of
steam

Relative volume,
or cubic feet of
steam from one

cubic foot of
water

lbs. Fahr. Fahr. Fahr. lbs. Cubic feet Rel. vol.
i 102-1 1112-5 1042-9 •0030 330-36 20,600
5 162-3 1130-9 1000-3 ■0138 72-66 4,530

10 193-3 1140-3 978-4 •0264 . 37-84 2,360
14.71 212-0 1146-1 965-2 •0380 26-36 1,642
20 228-0 1150-9 952-8 •0507 19-72 1,229
25 240-1 1154-6 945-3 •0625 15-99 996
30 250-4 1157-8 937-9 •0743 13-46 838
35 259-3 1160-5 931-6 •0858 11-65 726
40 267-3 1162-9 926-0 ■0974 10-27 640
45 274-4 1165-1 920-9 •1089 9-18 572
50 281-0 1167-1 916-3 •1202 8-31 518
55 287-1 1169-0 912-0 •1314 7-61 474
60 292-7 1170-7 908-0 •1425 7-01 437
65 298-0 1172-3 904-2 •1538 6-49 405
70 302-9 1173-8 900-8 •1648 6-07 378
75 307-5 1175-2 897-5 •1759 5-68 353
80 312-0 1176-5 894-3 •1869 5-35 333
85 316-1 1177-9 891-4 •1980 5-05 314
90 320-2 1179-3 888-5 •2089 4-79 298
95 324-1 1180-3 885-8 •2198 4-55 283

100 327-9 1181-4 883-1 •2307 4-33 270

STEARIC ACID. Cetyl acetic acid v. Fatty
Acms.

STEARIN and COMMERCIAL STEARIC
ACID. The term stearin is properly applied to
the normal propenyl ether or glyceride of stearic
acid, which constitutes the principal solid con¬
stituent of most fats. It is, however, used
generieally to indicate the solid part of any fat
from which the liquid portion has been ex-
pressed, so that we liave lard or ' solar ' stearin,
■olive oil stearin, cotton or vegetable stearin,
palm stearin, and rnany others. Stearic acid is
also almost invariably known commercially as
' stearin.' Glycerin has the power of com-
bining with stearic acid in three proportions,
with production of mono-, di, and tri- stearin
respectively. The latter constitutes the stearin
of natural fats, and is the only one of technical
interest.

Mono-stearin C3H5(C|SH3502)(H0)2is obtained
by heating a mixture of equal parts of stearic
acid and glycerin at 200° in a sealed tube for
about thirty-six hours (Berthelot, A. Ch. [3]
41, 226). The free acid is then neutralised by
the addition of lime, and the mono-stearin is
dissolved out by ether, from which it separates
in white needles melting at 61°.

le pressure. H. D.

Di-stearin CsHjfC^HjjOJJTO is obtained by
heating mono-stearin with three parts of stearic
acid for three hours at 260°. When separated
similarly to mono-stearin, it forms white, micro-
seopic laminœ, melting at 58° and solidifying at
53° (Berthelot, Z.c.).

Tri-stearin C,H5(C18H3302)3, hereafter called
stearin, can only be obtained in a state of purity
by heating mono-stearin for three hours at 270°
with 15 to 20 parts of stearic acid in a sealed
tube (u. Berthelot, Z.c.; Heintz,A.92,300). Itmay
be obtained almost pure by recrystallising the
tallow from Brindonia indica or Bassia Parkii
(Bouis and Pimentel, C. R. 44, 1355). Evenre-
peated crystallisation of ordinary stearin fails to
free it from palmitin and other glycerides, thougli
its melting-point may be considerably raised
(Duffy, C. J. 5, 193 and 303). Stearin erystal-
lises from ether in tasteless, odourless, neutral,
white, shining nodules, needles or tables, which
volatilise almost unchanged in vacuo. It is not
perceptibly soluble in alcohol of 30°Bé., nor, in
the cold, in alcohol of 97 p.c., but is readily
soluble in hot alcohol. The crystals, which
separate in flocks, contain alcohol even after
prolonged fusion. It dissolves freely in hot
ether, and, to the extent of 1 part in 225, in coldIRIS - LILLIAD - Université Lille 1
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ether (Lecanu, A. 12, 25). Volatile oils, carbon
bisulphide, and melted camphor also dissolve
it. It is readily saponified by alkalis, lead
oxide, and other bases.

The abnormal behaviour of stearin under tbe
action of beat has been examined by Kopp (A.
93, 191), Heintz (J. pr. 48, 382), and Duffy
(C. J. 5,193 and 303). When heated from 0°
to 55° 1 vol. expands to 1-0308 vols., fusing and
contracting to 1-0076 vols, at the latter tempera-
tare. On further heating, it expands to 1-1293
vols, at 71-6°, and re-solidifies and again con¬
tacts to 1-0759 vols, at that température. After
re-fusion, it solidifies to an indistinctly erystal-
line mass at 70°. Duffy (l.c.) attributes these
changes to the existence of three modifications
of stearin baving différent melting-points, and
convertible one into the other by change of
température, but Bouis (A. Ch. 44,156) disagrees
with this view.

Pure stearin remains unchanged in the air,
but the commercial product becomes rancid,
probably on account of the presence of olein.

True stearin, which has now become almost
superseded by stearic acid for candle-making.
to., is obtained from tallow by removal of the
fluid olein by pressure, as described hereafter
regarding stearic acid (v. also Margarine).

Tbe earlier chemists devoted considérable
attention to the treatment of animal fats, re-
peated distillation in steam, and even from dry
slaked lime, being commonly practised by them
as a method of purifying fats and oils for médi¬
cinal purposes. The fact that an oil was ob¬
tained by treating soap with an acid was also
known, though no différence, except its readier
solubility in alcohol (Geoffroy, Phil. Trans.
1742, 42, 71), appears to bave been recognised
between this oil and the fat from which the
soap was originally préparée!. The existence of
glycerin in the liquid portion of the product of
tbe action of litharge and other basic oxides on
fats was shown in 1779 by Scheele (Opuscula
Cbimica et Physiea, i. 125 ; ii. 175).

The true nature of animal fats was first
shown by Chevreul (' Recherches Chimiques sur
les Corps Gras,' &c., Paris, 1823), who, in con¬
jonction with Gay-Lussac, took out in 1825 a
French patent for the manufacture of stearic
acid, Gay-Lussac also taking out a similar
patent in England in the name of M. Poole
(No. 5,183, 1825). These patents mainly
consisted in the saponification of the fat by
potash or soda, and the treatment of the résul¬
tant soap by hydrochloric or other minerai acid,
but also included saponification by lime, and
tbe distillation of tbe acids by steam. Their
process was not commercially suecessful, but
was soon rendered workable by De Milly and
Motard (r. Payen, Bull, de la Soc. d'Encourage¬
ment de l'Industrie, 1833, 156), who saponified
the tallow with lime and decomposed the résul¬
tant soap with sulphuric acid.

Fats may also be decomposed into glycerin
and fatty acids, without the intermediate pro¬
duction of a soap, by the action of steam or
water at high températures, but the production
of acrolein at these températures renders the
process objeetionable. Dubrunfaut, however
(u. Pat. No. 8,854, 1841, taken out in the
name of W. Newton), found it to be workable

when the fat is first treated with sulphuric
acid and washed. Among other patents based
on this process may be mentioned those of
G. Gwynne and J. F. "Wilson, Nos. 9,944 and
10,000, 1843, and of W. C. Jones and G. P.
Wilson, No. 9,542, 1842.

The hydrolysis or saponification by water at
high températures (approaching the melting-
point of lead) was patented by R. A. Tilghman
(No. 47, 1854), who heated an emulsion of

a itl. - .\ \v.\ ~

the fat with one-third to one-half its bulk of
water in a sériés of iron tubes, but this proeess
was not a suecess, and was soon superseded by
De Milly's autoclave process (Pat. No. 2,740,
1856), wbich is really a combination of
Tilghman's and the lime saponification process.
Several modifications of the autoclave process
are in use.

The fact that fats were converted into a ' fat '
which was soluble in alcohol, by the action of
sulphuric acid, was known to Achard in 1777
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(v. Aikin's Diet. o£ Chemistry, 1807 [2] 177.
The subject was investigated by Caventou,
J. Ph. 11, 19), Chevreul ('Recherches Chimiques
sur les Corps Gras ' &c.), and Fremy (C. R.
2, 467, and 4, 846), and the method of preparing
stearie acid, thus elaborated, bas been applied
commercially by D'Arcet (Q. J. S. 1828, 26,
197), and by Knab (v. Bouis, Wurtz, Dict. de
Chim. [2] 1651), and De Milly (Pat. No. 1,626,
1866), and, as above, in combination with the
treatment with superheated steam and water.
It has also been modified by J. C. A. Bock
(v. Pat. No. 419, 1869 ; Le Génie Indus¬
triel, 40, 311 ; D. P. J. 208, 230; C. R. 80, 1142;
Carpenter, C. C. 1872, 744). Bouis (Wurtz,
Dict. de Chim. [2] 1652) criticises Bock's pro-
cess adversely.

In De Milly's lime saponification process, as
now carried on, the tallow is melted with about
15 p.c. of water in a lead-lined tun B (fig. 1),
or in a cemented brick réservoir, and is heated
by steam passed in through a perforated spiral
tube, and mixed by teeth on arms carried by a
continuously-revolving shaft in the tun. A
thin cream of lime free from iron is then added
from a tub a, so that the fat is gradually
saponified, the calcium stearate and oleate
separating after three or four hours as an in¬
soluble greyish soap known as 'rock.' The
mixture is allowed to settle when the rock
crumbles in the Angers without feeling fatty,
i.e. after five or six hours. The amount of lime
used formerly amounted to 16 p.c. of the fat,
but has now been considerably reduced.

The rock is dug out, and is heated and
agitated in a similar tun c, with about 24 parts
of sulphuric acid of sp.gr. 1-85, diluted to 1-17

or 1-20 sp.gr. for every 100 parts
of tallow treated, and the mix¬
ture is allowed to settle. The
dingy, brownish layer of fatty
acids is next skimmed off, and
washed with water heated by a
steam jet, sometimes with pre-
vious agitation with sulphuric
acid of 4° to 5°Bé., and is then
run into a trough F (fig. 2),
whence it passes through fun-
nels, each capable of beingclosed
by a plug e, into the uppermost
of a sériés of trays arranged in
a framing n (fig. 1), so that the
spout of each projeets over the
tray beneath. Thus the liquid
runs from tray to tray until ail
are filled. The trays are kept
in a room at 20-30°C. for two
or three days until the acids
become granular, and the cakes
produced are plaeed in woollen

or horsehair cloths and cold-pressed in a press
e, the pressure being largely increased when the
oleic acid ceases to flow easily. The nearly
white stearie acid thus obtained is melted by
steam, settled, drawn off and cooled in dishes
at about 30°C. until crystalline, and is then
rasped up into a meal and again pressed in hair
or woollen bags in a hot press h, having hollow
plates heated by steam or hot water, and kept
at 95-104°F. A pressure of 12,000 Ibs. and
a température of 120°F. is sometimes used

g

&

S
S"

Fig. 2.

for pressing the products from the best tal-
lows.

The cakes thus obtained are liard and
white, and contain oleic acid round the edges,
and are therefore seraped ail over, melted in a
vat i, and cast into blocks.

The total yield of fatty acids varies between
92 and 95 p.c. of the tallow, and the stearie
acid averages about 46 p.c. of the fatty acids.

As the gypsum obtained in the working is
worthless, it has been proposed to replace the
lime by baryta, which produees barium sulphate
in a condition suitable for use as a pigment, or
by alumina in the form of sodium aluminate,
which yields aluminium sulphate as a by-
product.

Fig. 3 shows an arrangement for removing
most of the stearie acid which remains in the
oleic acid expressed as above. The acid is
plaeed in a trough/, into which dips a revolving
drum a, through which circulâtes eold water.
The acid is thus carried round in a thin layer,
and solidifies on the surface, from which it is

Fig. 3.

removed into a réservoir f by a scraper h. The
mass is pumped thence through a filter press, so
that a further yield of about 4 p.c. of stearie
acid is obtained, together with clearer and more
valuable oleic acid (D. P. J. 263, 48).

The large amount of sulphuric acid reqnired
in this process, together with the discoloured
nature of the product, has caused De Milly's
autoclave process to be largely employed. This
consists in treating the fat, at a pressure of
about 8 atmosphères, in an autoclave (t.
Autoclave, i. 223), so that the action is assiste!
by that of the water. The proportion of lime
used may thus be reduced to about 2 p.c., while
its presence permits of saponification at work-
able pressures instead of the high pressures
necessary when water or steam is used alone.

The steam enters the autoclave at about
8 atmosphères pressure, through a tube passing
to the bottom of the autoclave, and is supplie!
continuously for five or six hours when, after
standing for two hours, the glycerin is with-
drawn, followed by the fatty acids mixed witli
lime soap. The mixture is treated with 60lbs.
of sulphuric acid of 66°Bé. diluted to 14° or
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15°Bé-, for every 1,000 lbs. of tallow treated,
Bteam being supplied for two hours, after which
the acids are settled and washed.

According to Buff (Bl. ii. 1804, 308), the
presence of a little caustic soda facilitâtes
saponification in the autoclave.

In the process of Michaud Frères the lime
is replaced by zinc oxide amounting to from 02
to 06 p.c. of the fat, and supplied in the form
of zinc white, or of the mixture of zinc-dust and
oxide obtained in the zinc manufacture. A pro-
duct of superior whiteness results from this pro¬
cess (Poullain and Michaud's French Pat. No.
151,404,1882).

In a modification of this process, a rod of
metallic zinc is fitted in the autoclave, and 1 p.c.
oflime is mixed with the fat (J. H. Clinton,
U.S. Pat. No. 336,795, 1886).

Several modifications of the autoclave pro¬
cess are in use where the décomposition is
efîeeted by steam or water, as in Tilghman's
process, without the aid of lime or other agents,
the pressure, however, requiring tben to be
«bout doubled.

Fig. 4 shows the arrangement employed by
A. Michaud (Pat No. 8,403, 1885 ; v. also

Fig. 4.

Lach., Chem. Zeit. 13, 1218). A mixture of
5 parts of tallow to 1 of water is supplied by a
montejus a, through pipes, to autoclaves be',
having pipes xx' y y', which open into a
vessel c, so that when the mixture is heated,
the pressure, which rises to about 15 or 16
atmosphères, forces it through the pipes y y'
into that vessel, whence it passes back through
the pipes x x', and is thus continuously circu-
lated.

After about eight hours, the mixture of fatty
.acids and glycerin is diseharged into a closed
vessel d, from which, after settling for half-an-
liour, the glycerin is drawn ofi at o.

D'Arcet's process of saponification, intro-
•duced in 1828, consisted in heating the fat at a
température of 105-110°C. in a closed vessel
with about 1 p.c. of sulphuric acid diluted with
20 to 50 parts of water. This was followed by
a process patented by L. H. F. Melsens (No.
2,066, 1854), for saponifying with water acidu-
lated with 1 to 10 p.c. of sulphuric acid at 180-
200°C. in an autoclave.

The saponification by sulphuric acid at
ordinary pressures is particularly applicable to
rancid or partly-decomposed fats, such as bone
fat and slaugliter-house, kitchen, and other
refuse.

The fat is mixed with from 6 to 15 p.c. of
concentrated sulphuric acid, and is heated in a
lead-lined vessel by a steam coil to 212° or even
320°F. for fifteen or twenty hours. Offal fat
usually requires 12 p.c. of acid, and palm oil
6 per cent., for its décomposition. The mass
swells up and becomes black, with évolution of
much sulphurous acid, as much as 16 to 20 p.c.
of the fat being destroyed in the case of the
eruder kinds.

The black product is freed from sulphuric
acid by washing, and the fatty acids are purified
by distillation.

Knab's process, introduced in 1855, con¬
sisted in reducing the time of action of the acid
to about two minutes. The fat and about half
its weight of sulphuric acid of 66°B. were
separately heated to 90°C. and rapidly mixed,
and after two minutes thrown into water. The
process was unworkable on account of the large
quantity of sulphuric acid used.

A very similar process was introduced in
1867 by De Milly, who allowed the fat, heated
to 120°C., to mix in a thin stream with 6 p.c.
of strong sulphuric acid, with brisk stirring, the
mixture being run into boiling water after about
two or three minutes. The dark colouring
matter produced is soluble in oleic acid, so that
the subséquent cold and bot pressing gives cakes
of nearly white ' stearin.'

Boelï's modification of the sulphuric acid
process, which is largely used on the Continent,
consists principally in the means employed for
removing the dark colouring matters from the
fatty acids, the whole opération being conducted
at a comparatively low température. In the
original process the fat is treated with strong
sulphuric acid to remove the membranous en-
velopes of the fat cells, and the product is heated
at 100°C. with 4 to 4J p.c. of sulphuric acid
diluted with water to complété the saponifica¬
tion. The résultant product is then continually
agitated and heated by a steam coil for several
hours, after addition of oxidising agents, such
as bleaching powder or potassium bichromate
or permanganate, to oxidise and render the
colouring matter denser.

After twelve or sixteen hours settling, the
liquid is decanted from the black deposit, and is
re-heated for two or three hours with acidulated
water, boiling being repeated several times with
intervais of rest. The résultant fatty acids are
said to be as pale as those obtained by lime
saponification.

According to Bouis (Wurtz, Dict. de Chim.
[2] 1652), the sinking of the colouring matter is
due, not to oxidation, but to its ségrégation from
the agitation of the mass.

A complété process for saponifying the fat,
now largely carried on in England, is as follows.
The fat is pumped from a tank a (fig. 5) into a
sériés of lead-lined tanks b, from which, after
heating by steam coils, it is passed into a copper
acidifier d, supplied through a valved pipe with
steam heated to about 176°C. by a superheater
F, and having a water shower-pipe at d, for con-
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densing the evolved vapours. After heating for
some time, a quantity of sulphuric acid varying
from 3 to 6 lbs. per cwt. of tallow, according
to the quality of the same, is introduced from
a tank e, and the material is left, after saponifi¬
cation is complété, for six hours, and is then
discharged into washing vats o, eontaining
acidulated water heated by steam coils and free
steam. After two hours' heating, it is settled for
twenty-four hours, and drawn oiï into the tank a,
from which it is pumped into a tank h, where
it is kept liquid by a steam coil.

About 5 tons of the material is now run into
a still i, in which it is heated to about 116°C.,
and distilled with the aid of superheated steam
at about 294°C. The vapours pass to a refrige-
rator, consisting of a sériés of copper tubes
connected by gun-metal bends and mounted in
iron frames over a set of circular iron tanks k,
into which they can be emptied, and which are
fitted with pipes for supplying steam, and with
coils for cooling. A shower-pipe l condenses

most of the remaining vapours in a tank l, and
the uncondensed gases pass away by a pipe m,
and are burned in the flue. 100 parts of the
tallow give about 60 parts of stearic acid ready
for use for candle-making without pressure, and
about 20 parts which require to be pressed and
re-distilled, and which give about three-fourtha
of stearic acid and one-fourth of oleic acid.

A quantity of pitch which remains in the
still is run ofî into an iron vessel and distilled,
thus giving a further quantity of inferior stearic
acid. The remaining pitch is said to be used
as a substitute for ' Japan black ' in coating
iron.

A paper by Wilson on the manufactures of
Priee's Candie Company will be found in the
J. Soc. Arts, 4, 148, and a sériés of papers by
Lach on the French Stearin Industry, in the
Chem. Zeit. 13, 1157, 1218, and 1335. Field'a
' Cantor Lectures on Solid and Liquid Illumina-
ting Agents ' (1883), from which figs. 1 and ô are'
taken, may also be consulted.

In addition to the stearin and stearic acid
obtained from tallow, may be mentioned the
stearic acid prepared from Yorkshire grease,
which is obtained from the soapy waste from
the oiling, cleansing, and milling of fibres, yarns
and cloths (v. Hurst, S. C. I. 1889, 92) ; cotton-
seed or cotton stearin, obtained by cooling eotton-
seed oil to a few degrees above 0°C., is stated
by Muter (An. 1882, 98) and others to be used
for adulterating lard and tallow and in making
margarine ; ' solar ' or lard stearin, obtained
by pressing lard, is used in candle-making (v.
Wiley, Bull, of the U.S. Department of Agricul¬
ture, 13, part 4) ; olive oil stearin, palm stearin,
and coco-stearin, are respectively obtained by
cooling and pressing olive, palm, and cocoanut
oil.

JProeesses for bleaching tallow and stearin
are described in the article on Tallow.

G. T. H.
STEAROLAURETIN and STEAROLAURIN

v. Laurus nobilis.
STEAT1TE. (Speckstein, Ger.) A massive or

schistose variety of talc, more or less impure,
known popularly, from its unctuous feel, as soap-
stone. It is so soft as to be readily scratched
by the finger-nail, its hardness being only 1-5.
Hence it is easily earved or turned in the lathe ;
and this property, coupled with its power of

resisting high températures, has led to its ex-
tensive employment in the arts. In conséquence
of its use for eulinary vessels, it is sometimes
known as pot-stone or lapis ollaris. In India it
is wrought into bowls and plates, which, though
more expensive than similar articles in earthen-
ware, are purchased byreasonof their refractory
eharacter. It is also used in parts of India, as
at Agra, for ornamental carvings ; while the
Chinese largely employ it, and similar stôhes,
for a like purpose. Some of the so-called
Chinese soap-stone is agalmatolite, or pagodite,
while certain other kinds appear to be compact
pyrophyllite (A. H. Church, Geol. Mag. 3, 1866,
164 ; G. J. Brush, Am. S. 2, 26, 1858, 68). In
South Africa soap-stone is earved by the natives
into tobaeco-pipes and nozzles for bellows used
in iron-smelting.

Steatite has corne into extensive use for gas-
burners, for stove-baeks, for lining furnaces,
and as an ingrédient in asbestos goods ; while
it has also found application as an insulator of
electricity. In the Êast it has long been em-
ployed, in a powdered state, as a protective
material for coating obelisks, &c. In associa¬
tion with a quick-drying varnish it is said to
form a valuable anti-corrosive paint, and has
been recommended by F. C. Goodall for naval
purposes. Applied to steel ships or bridges, it
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secures permanent adhésion to the métal and
prevents rust.

Steatite is sometimes used in the manufac¬
ture of porcelain, and the veins of the minerai
in the serpentine of the Lizard, in Comwall,
were formerly quarried for supplying the china
■works of Bristol. Steatite, like serpentine, has
likewise been employed as a source of magné¬
sium salts, espeeially the sulphate. For its use
as a lubricating agent v. Fkench chalk ; also
Talc. (For Ihdian steatite v. Bail, Man. Geol.
India, 3, 1881, 439 ; for American steatite v.
Merrill, in Smithson. Bep. 2, 1889, 357.)

F. W. B.
STEEL v. Ikon.
STEPHANITE. Silver sulphantimonite v.

Antimony.
ST1BIC0NITE. A variety of Antimony

tetroxide Sb„04 v. Antimony.
STIBNITE. Antimony sulphide v. Antimony.
STICK LAC v. Lac resin, art. Resins.
STILBENE Toluylene C„HS.CH:CH.C6H5.
Préparation.—Stilbene lias been prepared by

a variety of methods, such as the distillation of
benzaldehyde with sodium (Williams, C. N. 15,
244) and digestion of benzylidene chloride with
sodium (Limpricht, A. 139, 318), or with zinc-
dust and alcohol (Lippmann and Hawliczek, J.
1877, 405). Better yields are got by passing
the vapour of dibenzyl over heated lead oxide
(Behr and Van Dorp, B. 6, 754), by allowing
toluene to fall at the rate of 6 drops a minute
on to lead oxide, heated to dark redness in an
iron tube (Lorenz, B. 7, 1090 ; 8,1455 ; Vincent,
C.B. 110, 907), by distilling benzyl sulphide at
not too high a température (Limpricht and
Schwanert, A. 145, 332 ; Forst, A. 178, 373),
and espeeially by heating the polymeric thio-
benzaldehydes at 150-200° (Baumann and Klett,
B. 24, 3308), or B-trithiobenzaldehyde (m.p.
225°) with 8-12 times its weight of finely divided
copper (Klinger, B. 10, 1878).

Propertics.—Stilbenecrystallises from alcohol
in large, monoclinic tables (vom Bath, B. 5, 624),
melts at 121-122° (Forst and Zincke, A. 182,
261), at 124° (Michaelis and Lange, B. 8, 1314),
boils at 306-307° with thermometer in vapour
(Graebe, A. 167, 158), is volatile with steam,
and dissolves readily in ether, benzene, and
hot alcohol. When warmed in aleoholic solu¬
tion with ferrie chloride it gives a red coloura-
tion (Kade, J. pr. [2] 19, 467). It combines
directly with bromine, forming stilbene di-
bromide (m.p. 237°), which on treatment with
aleoholic potash is eonverted into tolane. On
digestion with fuming sulphuric acid it yields a
disulphonic acid, which, like its salts, dissolves
readily in water (Limpricht and Schwanert, l.c.).
When its vapour is led through a red-hot tube
a mixture of toluene andphenanthrene is obtained
(Graebe, B. 6, 126).

Stilbene, like ethylene, of which it may be
regarde! as the diphenyl- derivative, yields a
number of stereo-isomerides (cf. Reimer, B. 13,
742; Biigheimer, B. 15,1626; Wislicenus, Ab-
handlungen der K. Siichs. Gesell. der Wissensch.,
math.-phys. Klasse, 14, 22 ; Blanck, A. 248, 1 ;
Bischoff, B. 21, 2071), which, however, cannot
be deseribed here.

Orthodinitrostilbene, prepared from ortho-
nitrobenzyl chloride by the method employed in

the case of the para- derivative, exists, according
to Bischoff (B. 21, 2071), in two isomeric forms,
melting at 126° and 196° respectively, the latter
being the chief product.

Faradinitrostilbene is obtained by heating a
warm aleoholic solution of paranitrobenzyl
chloride with excess of aqueous caustic potash
and crystallising the fiocculent precipitate from
nitrobenzene (Strakosch, B. 6, 328). It crystal¬
lises in yellow needles, sublimes in yellow
scales, does not melt at 280°, and is tolerably
soluble in nitrobenzene and hot acetic acid,
sparingly soluble in alcohol, and almost insoluble
in benzene and ether.

Orthodiamidostilbene is prepared by the ré¬
duction of orthodinitrostilbene (m.p. 196°) with
tin and hydrochloric acid (Bischoff, B. 21, 2078).
The yield of pure base amounts to about 50 p.c.
of the theoretical. It crystallises from alcohol in
large, thin, golden prisms, and from ether in
short, thick prisms, melts at 176°, and in aleo¬
holic or ethereal solution exhibits a marked
violet-blue fluorescence. Its disazo- colouring
matters do not differ much in shade from the
corresponding dyes from paradiamidostilbene,
but are not as fast to soap (Bischoff, l.c.).

Paradiamidostilbene is obtained from para-
dinitrostilbene by réduction with aleoholic am¬
monium sulphide (Strakosch, l.c.), or with
stannous chloride or tin and hydrochloric acid
(Klinger, B. 16, 943 ; Actieng. fur Anilinfab.,
Germ. Pat. 39756 of May 22, 1886 ; Bender and
Schultz, B. 19, 3237 ; Elbs and Hormann, J. pr.
[2] 39, 502). It crystallises from alcohol in
lustrous yellow needles or scales, sublimes in
scales, melts at 227°, and dissolves sparingly in
hot water and benzene, but easily in alcohol.
Ferrie chloride colours the aleoholic solution
bluish-green. The hydrochloride and sulphate
are crystalline and somewhat sparingly soluble
in water. The diacetyl- derivative crystallises
from alcohol in nacreous scales, and melts
at 312° (Bender and Schultz, l.c.). By inter¬
action with the naphthylamine- or naphthol-
sulphonic acids tetrazostilbene gives disazo-
colouring matters which respectively give shades
of red or blue on cotton (Actieng. fur Anilinfab.,
l.c. ; Germ. Pats. 43142 of March 22, 1887 ;
43197 of April 20, 1887 ; 46971 of March 29,
1888 ; 47026 of Sept. 14, 1888).

Paradiamidostilbenedisulphonic acid is ob¬
tained by the réduction of the product formed
by the condensation of paranitrotoluenesulphonic
acid in the presence of alkali. 50 kilos, of sodium
paranitrotoluenesulphonate are dissolved in
about 700 litres of water, and digested with
about 30 kilos, of aqueous caustic soda of 40°Bé.
The colour changes from saffranine-red to an
intense yellow-red, and the condensation com-
pound, probably azoxystilbenedisulphonic acid 1
(cf. Witt, B. 25, 80), can be salted out from the
solution. The réduction is effeeted by boiling
the alkaline liquid with zinc-dust until de-

1 When sodium paranitrotoluenesulphonate is boiledwitli
excess of aqueous caustic soda of 40°Bé. and easily oxi-
disable substances such as alcohol, glycerol, resorcinol,
pyrogallol, a-naphthol, sulphurous acid, xanthic acid,
grape sugar, dextrin, &c., it yields yellow, orange, or brown
direct cotton dyes (Leonliardt & Co., Germ. Pats. 46252 of
Jan. 13, 1888 ; 48528 of Dec. 20, 1888 ; Eng. Pat. 2664 of
1888), which are known as 'Mikado orange,' 'Mikado
brown,' &c., and in ail probability consist of more or less
impure azoxystilbenedisulphonic acid.
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colourised, filtering hot, and preeipitating the
amido- acid with hydrochloric acid (Bender and
Schultz, B. 19, 3235; Leonhardt & Co., Germ.
Pats. 38735 of Jan. 29, 1886 ; 40575 o£ Dec. 14,
1886). It is a yellowish, microcrystalline powder,
insoluble in water. The barium sait is very
soluble in water, and is obtained in lustrous,
naereous seales on addition of sait to its aqueous
solution. The tetrazo- derivative is sparingly
soluble in water, and yields a hydrazine which,
on oxidation with copper sulphate, is eonverted
into a stilbeneclisulphonic acid. The disazo- dyes
formed by the interaction of tetrazostilbene-
disulphonic acid with phénol, phenetoïl, salicylic
acid, and the naphthylaminesulplionic acids
have already been deseribed (v. Azo- colouking
mattees ; cf. also Farbenfab. vorm. F. Bayer
& Co. Germ. Pats. 49139 of Dec. 6, 1888 ;
49950 of Sept. 2, 1888).

Dihydrazinestilbenedisulpbonic acid is pre-
pared by reducing tetrazostilbenedisulphonic
acid with the ealeulated quantity of stannous
chloride in hydroehloric acid solution. It is
almost insoluble in water, and on treatment with
aromatic aldéhydes or ketones in the presenee of
sodium acetate yields direct cotton dyes, which
for the most part produce yellow shades (Actieng.
fur Anilinfab., Germ. Pat. 46321 of Mareli 18,
1888).

STONE, ARTIFICIAL, i\ Cements.
STORAX v. Balsams.
STRAMONIUM v. Datuea.
STEASS v. Geais, aetificiai,.
STEASSBURG TUEPENTINE v. Oleo-

eesins.

STEOMEYEEITE. Argento-cuprous sulphidc
or Argcntiferous copper glance AgCuS or
Ag,S.Cu2S. A minerai crystallising in trimetric
forms isomorphous with copper glance. Sectile,
dark steel-grey colour, shining streak ; subcon-
choidal fracture. H. 2*5-3-0°; ep.gr. 6-2-6-3. V.
Silvek.

STRONTIANITE. Native strontium carbon¬
ate v. Strontium.

STRONTIUM. Symbol, Sr. At. w. 87-2.
Strontium dérivés its naine from Strontian,

in Argyllshire, where strontianite, the carbonate
of strontium, was first found. This minerai
was suspected by Crawford in 1790 to contain a
new earth, the existence of which was confirmed
by Hope in 1792, and by Klaprothin 1793. The
métal strontium was first isolated by Sir Hum-
phry Davy in 1808.

Ail primary rocks contain strontium in
greater or less quantity. More strontium tlian
barium has been taken up by water, owing to
readier solubility of the sulphate, which is found
deposited along with gypsum on evaporation.
The carbonate and sulphate of strontium are
often found along with deposits of common sait
(Dieulafait, A. Ch. [5] 15, 530).

Strontium is chiefly found as the sulphate,
celestine SrS04, and the carbonate, strontianite
SrC03. It almost invariably accompanies cal¬
cium in traces in the various forms of aragonite
and calcite. In barytocelestine it occurs along
with barium as a mixed sulphate ; barytes also
generallycontains traces of strontium. Breivsterite
Al.,03.H4(BaSr)03.(Si02)s + 3H20 is a silicate in
which strontium ocours assoeiated with barium.
Strontium, in minute traces, is présent in the

minerai waters of Carlsbad, Kaiser-Franzen-
brunnen, and many other places, and in sea-
water.

Metallic strontium was obtained by Davy by
the electrolysis of the moistened chloride or
hydroxide. The pure métal is best obtained
by electrolysis of the fused chloride according
to the method employed. by Matthiesen and
Bunsen. The anhydrous chloride of strontium,
mixed with a little ammonium chloride, is
placed in a porcelain crucible, having a porous
cell in the middle, in which is placed the
négative pôle, consisting of a thin iron wire
wound round a thicker one and covered by a piece
of tobacco-pipe stem, so that only one-sixteentk
of an inch of it appears below. The level of the
sait in the porous cell is eonsiderably higher
than that in the crucible. The positive pôle
consists of an iron cylinder surrounding the
porous cell, within the crucible. The chloride is
then gently fused, the température being regu-
lated so that a crust forms upon it, under which,
when the electric current is passed, the métal
collects in pièces sometimes half a gram in
weight, being protected from the oxidising in¬
fluence of the air by the crust.

The métal may also be obtained, according
to Franz (J. pr. 107, 253), by heating for
some time to 90° a saturated solution of the
chloride with an amalgam of a kilogram of
mercury and 250 grms. of sodium. An amalgam
of strontium is thus obtained, which is rapidly
washed and dried between filter paper ; the
mercury is then volatilised by heating in an iron
crucible in a current of hydrogen, a regulus of
strontium remaining. Caron (C. E. 48, 40)
obtains it by fusing the chloride with an alloy of
sodium and lead.

Strontium is a yellow métal of a shade some-
what darker than that of calcium. It is also
harder than calcium, and oxidises in the air
much more readily than that métal. Its sp.gr.
is 2-5418. It is malléable, and melts at a mode-
rate red heat ; it is more electro-negative than
calcium and the alkali metals. When heated it
burns brilliantly, forming the oxide, and décom¬
posés water with considérable violence. It also
combines with chlorine, bromine, iodine, and
sulphur, with évolution of light and heat. Dilute
acids readily dissolve it, with formation of the
corresponding salts.

Strontium monoxide, or strontia, SrO, is ob¬
tained when the nitrate is heated to redness, or
when the carbonate is ignited, either alone or in
contact with carbonaceous matter, such as coal
or charcoal. Leplay (D. P. J. 256, 169) having
observed that in the décomposition of strontium
carbonate by means of superheated steam the
hydrate formed loses water at températures near
its melting-point, and is eonverted into a solid
mass of oxide, has devised a process for produc¬
tion of strontium oxide upon the large scale.
Moist strontium carbonate, moulded into suitable
forms, is deprived of a portion of its moisture
and heated in retorts placed over a decomposing
furnace. Superheated steam is also blown into
the retorts, and the liberated carbonie anhydride
led away. The oxide formed by ignition of the
hydrate is removed in waggons, fresh carbonate
being introduced in order to make the process
continuous.
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Strontium oxide is a greyish-white porous
mass of sp.gr. 3-9, non-volatile, infusible and
glowing with a dazzling white light in the oxy-
hydrogen fiame. It possesses an alkaline taste
and reaction. Like lime, when moistened with
water it slakes, beôoming hot and falling to
powder. If the calculated quantity of water be
added to form the crystalline hydrate, the whole
solidifies to a solid mass.

Strontium hydrate, Sr(OH)2, is the product
of the action of water upon the oxide. On dis-
solving the hydrate in 5-G parts of boiling water,
filtering hot and allowing to eool in a closed
vessel, small transparent quadratic crystals of
Sr(HO)2 + 8H,0 are deposited ; these deliquesoe
in the air and are rapidly eonverted into carbon¬
ate. Heated to 100°, 50 p.c. of water is expelled,
leaving the hydrate Sr(HO),. This hydrate may
also be obtained in the fused state by heating
the crystals to low redness, solidifying on cool-
ing to a greyish-white crystalline mass. At a
red heat ail the water is expelled, anhydrous
strontia remaining. The crystals of

Sr(0H)2+8H2O
are soluble in 50 parts of cold and 2-4 parts of
boiling water, forming strontia-water, which
rapidly absorbs carbon dioxide from the at¬
mosphère, becoming coated with a crust of
carbonate.

Aceording to Heyer (B. 19, 2684), when
strontium hydroxide is heated to bright redness
and the oxide so formed exposed to air saturated
with aqueous vapour and afterwards to dry
air, a crystalline powder of the composition
Sr(HO)2 + H,0 is obtained. Another hydrate of
strontium, Sr(HO)2 + 2H20, also exists aceording
to Muller-Erzbach (B. 20,1628).

Hydrate of strontium is largely used in the
préparation and refining of beet-root sugar, and
in the extraction of crystallisable sugar from
molasses. Its use dépends upon the property
of the oxide and hydrate of strontium to combine
with sugar to form saccharates easily decom-
posable by carbon dioxide. Lime was formerly
used, but strontia is préférable, the precipitated
saccharate of strontia being more granular than
that of lime. Scheibler (B. C. 1881, 849) shows
ihat to obtain a good yield thrce molécules of
Sr(OH). should be employed ; if four molécules
are used 98-4 p.c. of the sugar is precipitated.
Tor one kilogram of molasses h alf a kilogram of
Sr(0H)„ in one-and-a-half kilograms boiling
water is a good proportion. The mixture is
stirred, then, after standing nearly a day, the
saccharate crystallises out; it is afterwards
pressed and washed with cold strontium hydrate.
Under increased pressure and température a
tribasic saccharate is obtained, but if this while
hot is introduced into hot water it is decom-

posed, Sr(0H)2 crystallising out, and the ordinary
saccharate Cl2H22On.SrO + 5H/J remaining in
solution. On the large scale this elear solution
is heated to over 100° when the saccharate is
precipitated, impurities remaining in solution.
The saccharate is aiterwards decomposed by
carbon dioxide.

Many processes have been devised for the
manufacture of strontium hydroxide, of which
the following are the most important : —

In Niewerth's process (D. P. J. 251, 191),
celestine (SrSOJ is mixed with equal quantities

of coal and brown iron ore and roasted. On
lixiviation of the product with water, strontium
hydrate and ferrous sulphide are produeed.

Claus (D. P. J. 253, 82) proposes to obtain it
from the chloride by addition of an équivalent
of barium hydrate to the hot solution ; Sr(OH)2
crystallises out and barium chloride is recovered
by evaporation and crystallisation. Also by
adding an équivalent of barium hydrate to a hot
solution of strontium sulphide. It is also found
that if a solution of barium sulphide is added to
a hot solution of strontium sulphide, hydrate of
strontium crystallises out on cooling, barium
hydrosulphide remaining in solution. A similar
reaction occurs between sodium and strontium

sulphides. On evaporating the solutions of
barium or sodium sulphydrate, mixingwith coal-
dust, igniting gently and lixiviating, solutions of
barium and sodium sulphides are obtained which
can be used again. Mother-liquors containing
strontium hydrosulphide when evaporated and
ignited with coal-dust give strontium hydroxide
on lixiviation with water. Claus also (J. Ph.
[5] 11, 434) describes a process based on the
décomposition of strontium monosulphide into
hydroxide and hydrosulphide under influence
water, the hydroxide crystallising out.

Leplay's process (D. P. J. 254, 436) consists in
treating strontianite (SrCO.,) with steam super-
heated to a température higher than the melting-
point of the hydrate. The carbonate is intro¬
duced into iron pots and there heated to low
redness ; the contents are then removed te
retorts, into which the superheated steam is
blown. The semi-fluid hydrate flows into a
suitable receiver, and is thence run ofi into
moulds. It is hest to préparé the carbonate by
working it into a paste with 30-40 p.c. weak
caustic lye, and converting into halls or hollow
cylinders.

Knight (Pat. 16,220, 1884) précipitâtes stron¬
tium sulphide with an équivalent of zinc
chloride ; after décantation from the precipitated
sulphide of zinc, the elear solution is decom¬
posed with caustic soda, strontium hydroxide
crystallising out on cooling.

Lee Pattinson (Pat. 16,989, 1884) employs
the following process : An équivalent of man¬
ganèse dioxide is added to a solution of stron¬
tium sulphide and air of the température of
100°F. blown through. About 66 p.c. is eonverted
into hydrate and 33 p.e. into insoluble thiosul-
phate, 33 p.c. of the sulphur présent being also
deposited. The sulphur is extracted by naphtha,
and the oxide of manganèse used again. If air
is only blown through until a precipitate begins
to form, two-thirds of the Sr is found to be eon¬
verted into hydrate, and on crystallising almost
pure hydrate is obtained. The mother-liquor
containing tersulphide is eonverted to sulphide
and used again.

Mactear (Pat. 5,170, 1886) mixes strontium
sulphate with slightly more than its équivalent
of sodium sulphate and a quantity of car-
bonaceous matter. The finely-divided mixture
is heated in a furnace until the sulphates be-
come reduced to sulphides. The product is
treated with hot water, when the two sulphides
react, with production of sodium hydrosulphide
and strontium hydrate, which latter is obtained
by crystallisation. The mother-liquor contain-
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ing the former is evaporated, and the residue
used again in reducing a fresh supply of celestine.
The hydrosulphide of strontium obtained as a
by-product in the working of the Claus process
may be utilised by mixing it with a solution of
sodium sulphide Na2S, when strontium hydrate
and sodium hydrosulphide are formed, the former
of which may be crystallised out as usual.

Aceording to Trachsel (S. C. I. 1886, 630),
other proeesses for the manufacture of the
hydrate from strontianite and celestine are as
follows. If the native carbonate is employed
as the raw material, it is first converted to oxide
in kilns, the burning requiring a higher tem¬
pérature than that of lime ; the resulting oxide
is then dissolved in boiling water, the solution
elarified and crystallised. If the sulphate is
used, the process is more eomplicated. The
powdered minerai may be boiled with a solution
of sodium carbonate, and the resulting carbonate
made into bricks with sawdust and calcined as

above. Or a mixture of strontium sulphate and
sodium carbonate may be furnaced, yielding
also strontium carbonate and sodium sulphate.
In a third process ammonium carbonate is used
to couvert the sulphate into carbonate, the con¬
version being accomplished in closed vessels pro-
vided with stirring apparatus.

Trachsel, in order to simplify the manu¬
facture, has devised the following more direct
process. It is based upon the fact that a solu¬
tion of strontium sulphide treated with eaustie
soda becomes converted into strontium hydrate,
sodium sulphide or sulphydrate being simul-
taneously formed

SrS + 2NaOH= Sr(OH), + Na„S
or SrS + NaOH + H„0 = Sr(OH)2 + NaHS.

The second reaction is most advantageous,
requiring only half the soda. The sulphide and
sulphydrate of soda are then converted to car¬
bonate by a stream of carbon dioxide :

2NaHS C02 + H„0 = Na2C03 + 2H..S.
The sulphuretted hydrogen may be utilised

by converting it into sulphur dioxide by passing
it through a Claus kiln.

The sodium carbonate is next treated with
caustic lime, obtaining thereby calcium car¬
bonate and caustic soda, which can be used
again, thus rendering the process continuous.

The sulphate fresh from the mine is passed
through a erushing apparatus, mixed with 7
cwts. of coal to every 20 cwts. of sulphate, and
the mixture calcined in a .plus-pressure or re-
volving furnace, 3 to 4 hours being sufficient for
the conversion to sulphide. It is then carried to
the lixiviators, consisting of round or square vats
of boiler-plate, each provided at six inches from
the bottom with a removable grating of iron
bars, on which is spread a filter of sugar bags
covered with fragments of brick or other suitable
material to protect it from the red-hot furnace
charge. In the centre of the grating an upright
cast-iron pipe is fixed, passing through the
grating but not quite touching the bottom of the
vat, and bearing on the top a flat or umbrella-
shaped plate, between which and the pipe an
interstice is left for the eseape of liquor which
is forced up by the stearn entering through a
steam-pipe placed in the centre of the cast-iron
pipe at the bottom of the vat, over which it pro-

jeets several inches. In these vats the charges
as they corne from the furnace are covered with
boiling water or weak liquor from a former
opération, and the steam is turned on, which not
only keeps the liquor boiling, but also circulâtes it
energetically, forcing the liquor which has per-
eolated through the false bottom upwards iu the
cast-iron pipe, when it falls back upon the
charge. When the liquor has attained the
strength of 24°Tw. it is allowed to settle, and
then run off to erystallising tanks, where it is
treated with a strong solution of caustic soda.
The greater part of the hydrate of strontium
falls down at once, a further quantity erystal¬
lising out on cooling. The mother-liquor
(chiefly NaSH) is drained away from the crystals
and run into evaporating pans, where it is con-
centrated to 30°Tw. and again run into other
erystallising tanks, where it deposits practically
ail its strontium hydrate.

The crystals are dried and washed in hydro-
extractors and twice re-crystallised, which
renders them ready for packing. This double
re-crystallisation causes serious loss, but by the
following device one re-crystallisation is found
sufficient. The impure hydrate, after being once
dried and washed is thrown into a muffle-
furnace, where it is gently heated and stirred
about. Part of the water of crystallisation is
thus driven off, the sulphide of iron is oxidised,
and any sulphide of strontium is changed to
sulphite, sulphate, and thiosulphate, a little car¬
bonate of strontium being also formed. This
carbonate is sufficient to precipitate ail the iron
when the furnace product is dissolved in boiling
water. The solution is elarified and allowed to
cool, and the crystals, after passing through the
hydro-extractor, are ready for packing. By this
means also the crystals can be produced in a
shorter time, about six days being the average
required.

Strontium dioxide, Sr02, is formed as a
hydrate when a solution of strontium hydrate is
mixed with one of hydrogen peroxide, shining
scales of the composition Sr02 + 8H20 being
deposited. When heated to 130°, or even in
dry air at the ordinary température, it gives off
water, and the peroxide is left in the form of a
white powder. On heating this powder to
redness, oxygen is evolved without fusion, stron¬
tium monoxide remaining.

Strontium chloride, SrCl2, is formed directly
by the combustion of strontium in chlorine, or
by heating anhydrous strontia in a stream of
chlorine. Aceording to Konigel-Weisberg (B.
12, 511), chlorine has no action on dry Sr(OH),,
but it eonverts the hydrate Sr(OH)2 + 8H,0 into
chloride and chlorate, a small quantity of hypo-
chlorite being also formed. Strontium chloride
is generally obtained from strontianite or celes¬
tine. The former, dissolved in hot hydrochloric
acid, deposits on cooling long hexagonal déli¬
quescent needles of SrCl2 + GH20 of sp.gr. 1-003,
isomorphous with the hydrate of calcium
chloride. When heated the crystals lose their
water, the white anhydrous sait being left,
which fuses at a high température, forming a
glassy mass of sp.gr. 2-96. Aceording to Mulder,
100 parts of water dissolve 44-2 parts SrCl, at
0°, 83-1 parts at 60°, and 101-9 parts at 100°.
It is also soluble in alcohol.
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The anhydrous chloride absorbs dry ammonia,
forming a white powder of the composition
grClj.8NH,.

Wackenroder (D. P. J. 253, 440) proposes to
préparé strontium chloride on the large scale
by adding an équivalent of calcium chloride to
strontium sulpliide obtained by the réduction of
celestine, and passing carbon dioxide into the
mixture, when sulphuretted hydrogen is given
off and the calcium precipitated as carbonate.
The filtered solution is then evaporated to the
crystallising-point of the strontium chloride.

Mactear (Pat. 1,915, 1886) mixes celestine
and calcium chloride with charcoal or other
form of carbon and a little limestone or lime,
and strongly heats the mixture in a furnace,
the waste fire-gases being utilised to dry the
calcium chloride. The product, consisting of
strontium chloride and calcium sulpliide or oxy-
sulphide, yields on lixiviation solutions from
which strontium chloride can be erystallised.

Strontium oxychloride. When strontium
hydrate is boiled in a concentrated solution of
strontium chloride, the liquid, on cooling, de-
posits nacreous lamellae of SrClrSr0 + 9H„0,
easily decomposed by water and alcobol. In
vacuo this oxychloride loses water, becoming
SrCh.SrO + H20 (André, C. R. 93, 58).

Strontium bromide, SrBr2, is obtained when
strontium is burnt in bromine vapour, or when
the carbonate is dissolved in hydrobromic acid.
Trom the solution, on evaporating, long needles
of the hydrate SrBr2+ 6H20 are obtained. It is
readily soluble in water and slightly soluble in
alcobol.

Strontium iodide, SrI2+7H20, is prepared
by evaporating a solution of hydriodie aeid
saturated with strontium hydrate. It crystallises
in six-sided plates, very soluble in water.
Heated in a closed vessel it may be fused with-
out parting with iodine, but in contact with air
iodine fumes are evolved, oxide of strontium
being left.

Strontium fluoride, SrP2, is also similarly
obtained by treating the oxide or carbonate with
hydrofluoric acid, or by precipitating a soluble
strontium sait with sodium fluoride. Strontium
fluoride is a white powder insoluble in water.

Strontium carbonate, SrC03, occurs native
as strontianite in rhombic crystals, isomorphous
with those of arragonite and witherite. Stron¬
tium oxide absorbs C02 like CaO when strongly
heated to a température about 1,050°, becoming
incandescent, the luminosity being greater than
that of lime. But the normal carbonate is never

obtained in this way (Raoult, C. R. 92, 1,110).
When a solution of a strontium sait is precipi¬
tated by an alkaline carbonate, strontium car¬
bonate is obtained as a white powder of sp.gr.
3-62. It may be obtained erystallised in the
form of strontianite by fusing a mixture of
KCl,NaCl and the amorphous carbonate, and
allowing to cool (Bourgeois, Bl. [2] 37, 447).
When gently heated it loses its C02, and becomes
converted into strontia. A litre of water, aecord-
ing to Fresenius, dissolves 55 milligrams of stron¬
tium carbonate. It is still less soluble in aqueous
ammonia or ammonium carbonate, but dissolves
more readily in ammonium chloride and nitrate.
Boiled with ammonium chloride solution it be¬
comes converted into strontium chloride.

Several processes have been devised, in view
of the use of strontia in sugar refining, for the
production of strontium carbonate on the large
scale. Urquhart andRowell (D. P. J. 1884, 252)
treat native sulphate (celestine) with sulphuric
acid to remove iron and aluminium, then boil the
product with mixed solutions of sodium sulphate
and carbonate.

The resulting mixture of strontium sulphate
and carbonate is heated in a furnace with excess

of Na2C03, and the melt lixiviated, SrC03 being
thus obtained, together with a liquor which is
used for the first treatment of fresh celestine.

Mebus and Decastro (D. P. J. 257, 198) digest
finely-pulverised SrS04 with a solution of am¬
monium carbonate, the décomposition being
effected in an apparatus fitted with agitating
appliances.

A basic hydrated carbonate of strontium is
formed when the dihydrate Sr(OH)2 + H20 is
exposed to a current of dry CO,, and the product
dried at 145° (Finkener, B. 19, 2,958).

Strontium nitrate, Sr(N03)2, may be pre¬
pared by dissolving the carbonate in dilute
nitric acid. On allowing the hot concentrated
solution to evaporate, the anhydrous nitrate
separates out in transparent crystals belonging
to the regular system, generally in oetahedrons
modified by faces of the cube. Its sp.gr., ac-
cording to Schrôder, is 2-96. It possesses a
cooling taste, and when thrown upon red-hot
charcoal deflagrates, burning with a red flame.
Owing to the fact that this sait lends itself most
readily to the production of red fire, it is much
used in pyrotechny.

On cooling a dilute solution of strontium
nitrate a hydrate Sr(N03)2 + 4H20 separates out
in large monoclinic prisms, which rapidly efflo-
resce in the air. Strontium nitrate is soluble
in about twice its weight of water at 13°, and in
an equal weight at 100° (Mulder). It is but
slightly soluble in alcohol and almost insoluble
in strong nitric acid.

Di-strontium ortho-phosphate, Sr2HJ?208, or
SrHP04, is obtained by précipitation of solutions
of strontium salts with disodium phosphate as a
white amorphous powder, insoluble in water
but soluble in acids or ammonium salts. It is
not decomposed by aqueous solutions of alkalis.
After being heated strongly to the fusing-point
it exhibits phosphorescence.

Aecording to Kiihn, a mixture of di-strontium
and mono-strontium phosphates is formed when
the strontium sait is incompletely precipitated
in the cold by the alkaline phosphate.

Potassium strontium phosphate KSrP04,
and sodium strontium phosphate NaSrP04, are
obtained by ignition of one molecule strontium
pyrophosphate with a molecule of potassium or
sodium carbonate and extraction with water.
They are, however, somewhat readily decom¬
posed by water, the residue being invariably
found to contain neutral strontium phosphate.
Aecording to Joly (C. R. 104, 905), a molecule of
HNaJOj reacts with one of SrCl2 in three stages.
A gelatinous trimetallic phosphate is first formed,
which then becomes crystalline, and is after-
wards transforme! into di-strontium phosphate,
the solution becoming acid. The thermometer
remains stationary at first, while cubic crystals
of NaSrP04 + 9H20 begin to form, almost in-
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soluble in cold water. If the precipitate is
allowed to remain in the liquid and phenol-
phthaleïn added, and then aqueous soda, a
white gelatinous precipitate, rapidly crystallising,
is formed. When tlie indicator changes, one
équivalent of alkali has been added, and the
whole of the strontium is precipitated as
NaSrP04 + 9H20.

Strontium pyrophosphate, Sr2P20„ is obtained
by précipitation as an amorphous powder, rapidly
becoming crystalline when the liquid is kept
warm. It is insoluble in acetic but soluble in
stronger acids. Heated to 100° the hydrate
Sr2P207 + HjO is left, but above that température
the water is driven off.

On adding strontium nitrate to a boiling
solution of sodium pyrophosphate, a precipitate
forms which is probably a mixture of strontium
pyrophosphate with a double sait.

Di-strontium arsenate, SrHAs04. When a
solution of HNa2AsO., is added to one of SrCl2, a
precipitate of SrNaAs04 + H„0 is thrown down ;
when the filtrate from this is evaporated, a white
precipitate of the di-strontium sait is obtained
(Salkowski). According to Joly (C. E. 104, 905),
when one molécule SrCl„, solution is added to
one of HNa»As04 no precipitate is formed, the
solution remaining alkaline ; but after some
time, if the sides of the vessel are rubbed, a crys¬
talline precipitate separates, and the liquid be-
comes acid. In twenty-four hours large cubic
crystals of NaSrAs04 + 9H20 (isomorphous with
corresponding phosphate) are deposited. On
addition of one équivalent NaOH, the précipita¬
tion is complété.

Silicate of strontium. According to Kirwan,
equal weights of strontia and silica fuse, with
formation of an amber-coloured glass and a
black and white enamel. Vauquelin finds that
with 3 parts of strontia a solid grey mass is
formed, difficultly soluble in water, but readily
in dilute acids. According to Kuhlmann, stron¬
tium carbonate, digested in solution of silica, is
converted into a hydrated silicate of strontium.

Strontium monosulphide, SrS, is prepared
by réduction of the sulphate with coal or other
form of carbon. It is a white, granular, semi-
fused and brittle mass. It is deeomposed by
treatment with a large quantity of boiling water,
with formation of strontium hydrate, which
crystallises out on cooling, and strontium sul-
phydrate, which remains in solution :

2 SrS + 2H.0 = Sr(OH)2+ Sr(SH)2.
If a less quantity of water be employed,

nearly pure sulphydrate is extracted, while the
residue on treatment with more water gives a
solution of almost pure hydrate.

The sulphide of strontium obtained by heat-
ing 100 parts SrC03, 30 parts sulphur, and 5
parts arsenious oxide shows a greenish-blue
phosphorescence if the carbonate has been pre¬
pared from the chloride and ammonium car¬
bonate, but a greenish-yellow if precipitated by
sodium carbonate (Yerneuil, C. E. 103, 600).
According to Becquerel (C. E. 104, 551), the
colour of the phosphorescence varies with the
température. At — 20° it is violet-blue, at + 40°
pale blue, at 90° a greenisli yellow, and at 150°
orange. The reverse sériés of colour-changes
is noticed as the température falls.

Strontium tetrasulphide, SrS4. When the
monosulphide and sulphur are digested in water
in the proportion of 1 to 3 molécules, and the
solution allowed to evaporate below 17°, a brown
syrup is obtained which crystallises at 8° to a
mass of the composition SrS4 + GH20. This sub¬
stance is very hygroscopic, and soluble in alcohol
as well as in water. On exposing the solutions
to the air, thiosulphate of strontium remains in
solution, sulphur and a little SrC03 being de¬
posited. On heating the syrup to 100°, or con-
centrating under the air-pump between 20° and
25°, a light-yellow solid of the composition
SrS4 + 2H20 separates. Heated above 100°, its
own water of crystallisation décomposés it. It
is insoluble in carbon bisulphide.

When an alcoholic solution of SrS4is exposed
to air, transparent ruby-red rhombic crystals are
formed of the composition Sr0.SrS4-f 12H.,0,
which are deeomposed by water. They are pro¬
bably identical with Gay-Lussac's disulpbide,
which he obtained by allowing a solution of
strontium sulphide to stand.

Strontium pentasulpbide, SrS„ is obtained
when the monosulphide is digested in water with
4 molécules, of sulphur, but is only known in
solution. On attempting to isolate by évapora-
tion under the air-pump, a mixture of the tetra¬
sulphide and sulphur is obtained (Schône,
P. 117, 56).

Strontium sulphydrate, Sr(SII)2, is readily
obtained by saturating strontia water with sul-
phuretted hydrogen, or by passing sulphuretted
hydrogen through water holding strontium sul¬
phide in suspension. Also by dissolving the
monosulphide in a small quantity of boiling
water, by which it is deeomposed into soluble
sulphydrate and insoluble hydrate. By evapo-
rating the solution obtained by the first method,
Berzelius obtained the sulphydrate in large
striated prisms, which on heating melt in their
water of crystallisation, then give it off, together
with sulphuretted hydrogen, and leave a residue
of the monosulphide.

Strontium sulphite, SrS03. Strontia com¬
mences to absorb sulphur dioxide at 230° with
production of SrS03. Strontium sulphite is ob¬
tained by double décomposition as a white
powder soluble in aqueous sulphurous acid,
from which solution the sulphite is again de¬
posited in crystalline grains. The crystals are
flat, rectangular tables, which are gradually con¬
verted to sulphate on exposure to air.

Strontium sulphate, SrS04, is found native
as celestine in large rhombic crystals and fibrous
masses. The name celestine was originally
given to the minerai on account of the light-
blue tint which it generally possesses. By fusing
potassium sulphate with excess of strontium
chloride, Manross obtained well-developed artifi-
eial crystals of celestine. Sulphuric acid added
to the solution of any strontium sait gives a
precipitate of sulphate more or less crystalline.
According to Haushofer (J. M. 1887, 1, Eef. 15),
solutions containing 0T grm. SrCl2 in 20-80
c.c. water treated with 1 c.c. concentrated
hydrochloric acid, give with dilute sulphuric
acid very perfect rhombic crystals. Precipitated
strontium sulphate has a sp.gr. of 3*7, and fuses
on being strongly heated. It is less soluble in
hot than cold water, but is more soluble in acids.
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According to Fresenius, one litre of water at
ordinary température dissolves 0-145 grm. and
0-104 grm. at 100°. This aqueous solution at
once gives a turbidity with solutions of barium
salts. Strontium sulphate dissolves to a con¬
sidérable extent in a solution of common sait
and other saline solutions, but the presenee of
suiphates or dilute sulphuric acid diminish.es
the solubility. Unlike barium sulphate, stron¬
tium sulphate is completely converted to car¬
bonate by boiling with solutions of alkaline
carbonates.

Strontium sulphate is soluble in hot, strong
sulphuric acid, crystals of celestine separating
out on cooling. If heated with strong sulphuric
acid to 100° and the solution digested with an
excess of sait at a still higher température, the
acid sait, SrH„(S04)2, separates as a crystalline
poirder, whieh changes on exposure to moist air
to the hydrated sait SrH2(S04)._, + H„0, forming
shining tabulai- crystals. According to Varenne
and Pauleau (C. R. 93, 1016), one grm. of SrS04
precipitated from the chloride dissolves in 1256
grms. sulphuric acid.

Strontium chromate, SrCr04, is formed as a
lemon-yellow precipitate, composed of slender
microscopic needles, when a strong solution of
chloride or nitrate of strontium is mixed with
one of neutral potassium chromate. After
drying over sulphuric acid or at 100° the sait is
anhydrous, and remains unaltered on heating.
One part of the sait is soluble in 840 parts of
water at 16°. It is readily soluble in hydro-
chloric, nitric, and ehromic acids. It dissolves
with difficulty in acetic acid, and is insoluble in
alcohol. No precipitate is formed in presenee
of acetic acid if the solution contains for one

mol. K;Cr01 one mol. Sr(N03)2 or acetate and
30 mois, water, or for one mol. SrCl,2, 25 mois.
H»0. The séparation from barium by means of
Kj"Cr04 is, therefore, not complété, some SrCr04
coming down along with the BaCr04 (Meschtcher-
sky, Journ. Russ. Ghem. Soc. 1882, 219).

Bourgeois (J. M. 1880, 1, Réf. 351) prepared
SrCr04 by heating 2 mois. SrCL with 1 mol.
KXr04 and 1 mol. Na,C03 to bright redness. The
SrCr04 thus obtained forms beautiful yellow
rhombic lamellœ, eleaving parallel to faces of a
rhombic prism, and sparingly soluble in water.

Strontium dichromate, SrCr207 + H20, has
been obtained by Preis and Rayman (B. 13,
340) by dissolving SrCr04 in concentrated ehro¬
mic acid and drying the product at 100°. It
consists of readily-soluble dark-red crystals. A
second sait, containing 3H20, was obtained in
the form of red déliquescent crystals.

Détection and estimation of strontium.
Strontium salts colour the flame a eharac-
teristic crimson. Examined by the spectro-
scope, tbe spectrum is found to consist of a large
number of bright lines, of which the orange line
Sra, the red lines Sr0 and Sr-y, and the blue line
SrS are most charaeteristic. Even in presenee
of a large quantity of barium salts, this reaction
affords a ready means of distinguishing stron¬
tium.

In its reactions strontium very much re-
sembles barium. It chiefly differs in forming
more soluble salts. Thus the sulphate, chrom¬
ate, and silico-fluoride are considerably more
soluble. Hence dilute solutions are only pre¬

cipitated after some time by sulphuric acid or
soluble suiphates, and a solution of strontium
sulphate gives an immédiate precipitate with
soluble barium salts.

The chromate is vëry much more soluble, a.
precipitate of stellar aggregates of needles only
forming with strong solutions and in absence
of much acetic acid. Strontium sulphate is.
formed after a time if the solution is dilute, but
immedately if strong, on addition of a solution
of calcium sulphate to one of a soluble stron¬
tium sait, and thus strontium may be distin-
guished from calcium.

Strontium may be estimated as carbonate by
précipitation with ammonium carbonate and
ammonia from a hot solution ; the carbonate is
not decomposed by ignition over an ordinary
Bunsen lamp. It may also be estimated as sul¬
phate, the oompletion of the précipitation being
effected by addition of alcohol. This method, of
course, can only be used wben tbe original-
strontium sait is soluble in alcohol.

Atomic weightof strontium. Marignac found
that 100 parts of the hydrated chloride

SrCl, + 6H.,0
required 80-998 parts of silver for complété pré¬
cipitation, and that the sarue quantity yielded
68-855 parts of strontium sulphate. These-
numbers give for the atomic weight of strontium
87-2. A. E. T.

STROPHASTTHFS. Kombé Arrow-poison.
The seed of Strophanthus hispidus (De Cand.) is
used by the natives of Central Africa for the pré¬
paration of arrow-poison. A paste is made by
erusbing the seed with water, and with this the
arrow-heads are smeared. Arrows tipped in this-
way appear to be used both in warfare and in the
chase. In the latter case the animal falls quickly,
when the flesh immediately around the wound
is eut away and the remainder eaten without
any injurious eiïeet. Strophanthus arrow-poison
is very widely used throughout the whole of'
Central Africa, specimens having been obtained
and sent to Europe from time to time from
nearly ail parts of the east and west coasts. The-
plant is a woody climber of the natural order
Apocynaceœ, which ascends the highest trees
and hangs in festoons from one to anotber. The-
pods contain one to two hundred seeds, eaoh
seed weighing about half-a-grain, and having
attached to it a beautiful comose appendage on
an extremely brittle stalk. The seed was first
examined by T. R. Fraser, of Edinburgh, in 1872,
who drew attention to its important physiological
action on the movements of the heart, and
pointed out that both its physiological and toxic-
action dépends upon the presenee of an aotive-
constituent to which lie gave the name ' stroph-
anthin ' (Ph. [3] 3, 523 ; 19, 660).

There has been some doubt as to the précisé
botanical origin of the seed of commerce. That
examined by Fraser came from tbe East coast,
has a fawn colour, and when viewed in cer¬
tain positions a greenish-grey appearance,.
"West African seed is dark-brown in colour and
smaller. The latter is without doubt derived
from S. hispidus, and to distinguish the former,
which alone is reeognised by the Pharmacopœia,.
it is described as tbe product of S. hispidusy
variety Kombé (Oliver) (Holmes, Ph. [3] 21, 233 ;
Brit.Pharm. Additions, 1890,29). V. also Holmes-
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(Ph. [31 16, 778 ; 17, 903) ; Maisch (Ph. [3] 17,
972) ; Hanausek (Ph. [3] 17,972) ; Blondel (J. Ph.
[5] 17,249,297, a. 554) ; Christy (Ph. [3] 20, 318).

In 1877 Hardy and Gallois isolated an active
crystalline compound from strophanthus seed
which wasnamed ' strophantin,' and which had
neither the characters of a glucoside nor those of
analkaloid. An inertbase ' ineïne ' was also de-
scribed (C. R. 84, 261 ; Ph. [3J 7, 756). Fraser,
however, finds the active constituent to be a

glucoside, which readily breaks up under the
influence of dilute aeids into an easily-crystallis-
able neutral compound and glucose. The glucos¬
ide is strophanthin, and the neutral compound
produced by its décomposition strophanthidin,
the latter probably identical with the ' strophan¬
tin ' of Hardy and Gallois. Both these' com-
pounds are toxic aDd bitter, and have similar
physiologieal action. The seed also contains a
large proportion of fixed oil, and an acid form-
ing an insoluble lead sait, Jcombic acid ; but the
presence of the alkaloid ' ineïne ' has not been
confirmed (Ph. [3] 18, 69 ; 20, 328).

A specimen of seed examined by Fraser lost
at 100° 6-7 p.c. of water, and theresidue yielded
successively to petroleum ether 31-81 p.c. of oil ;
to ether, 0-845 p.c. chiefly resin and chlorophyll ;
to rectified spirit, 8-94 p.c. of bitter extract ; and
to water, 9-3 p.c. mostly mucilage and albumen.
Burnt, there remained 3-514 p.c. of ash ; insolu¬
ble undetermined constituents, 38-891 p.c. Stro-
phanthin is found in the alcoholie extract. To
obtain it a concentrated solution of the extract
in water is prepared, and precipitated by a solu¬
tion of tannin. The precipitate is well washed
and mixed with enough moist oxide of lead to
combine with the quantity of tannin employed.
This mixture is allowed to digest at a low tem¬
pérature for several days, and vrhen dry is ex-
tracted successively with rectified and proof
spirit. If any tannin remains in the solution,
the lead oxide process has to be repeated.
Excess of lead is removed from the alcoholie
solutions by a stream of carbonie acid gas passed
for two or three days. The solutions are then
evaporated to dryness, the residue exhausted
with rectified spirit, and the alcoholie solution
precipitated by the addition of ether. The more
or less crystalline precipitate of crude strophan-
thin thus obtained is purified by solution in
alcohol and evaporation in a vaeuum. The
yield of strophanthin amounts to 65 p.c. of the
alcoholie extract.

Strophanthin, obtained in this way, consists
of a colourless opaque brittle mass of micro-
scopic crystalline plates. Larger crystals may
be produced by adding ether to an alcoholie solu¬
tion, and allowing the mixture to stand for
several days in a closed vessel. It has the com¬
position C10H26O8. It melts at 173°, but changes
colour somewhat at 146°. It is very soluble in
water and aqueous alcohol ; is less soluble
in alcohol, acetone, and amylic alcohol ; and is
insoluble in ether, chloroform, petroleum ether,
and carbon bisulphide. Minerai acids give cha-
racteristic colour-reaetions with strophanthin.
Sulphuric acid in the cold strikes a bright-green
colour, which on heating to 43-49° changes to
olive, dark-brown, violet, violet-blue, and finally
to a violet-black. A 10 p.c. solution of sulphuric
acid produces similar changes of colour. Nitrie

acid gives colour-reaetions. Hydrochlorie acid
dissolves it, forming a pale-yellow solution,
changing to brownish-yellow. A 10 p.c. solution
of hydrochlorie acid forms a colourless solution,
which when heated to 46-54° for twenty minutes
changes to green and dark-blue, the latter colour
remaining for several hours (Fraser). If a trace
of strophanthin, dissolved in a drop of water, be
mixed with ferrie chloride and a drop of sul¬
phuric acid added, a reddish-brown precipitate
forms, which either at once or after standing
some hours changes to emerald green (Helbing,
S. C. I. 1891, 575).

By the action of dilute acids strophanthin or
the alcoholie extract of strophanthus yields glu¬
cose and strophanthidin. In one experiment a
3-3 p.c. solution of strophanthin in water was
acidulated with sulphuric acid kept at 100° for
half-an-hour ; when, on cooling, crystals of stro¬
phanthidin made their appearance, and when
separated and weighed represented 36-2 p.c. of
the strophanthin taken. The glucose formed re¬
presented in the same manner 27-5 p.c. Stro¬
phanthidin is slightly soluble in cold water,
more soluble in chloroform and in cold aqueous
alcohol. It is freely soluble in aqueous alcohol
on warming. It is not a glucoside (Fraser).

Kombic acid has not been isolated in a de-
finite condition. The oil extracted by petroleum
ether does not appear, when properly washed, to
possess any physiologieal activity. It varies in
colour from pale yellow to green and brown, and
in sp.gr. from 0-975 to 0-927 (Fraser). See also
Elborne (Ph. [3] 17, 743; 18, 219); Helbing
(Ph. [3] 17, 747 a. 924) ; Gerrard (Ph. [3] 17,
923) ; Merck (Ph. [3] 18, 72) ; Adrian a. Bardet
(Ph. [3] 18, 539) ; Castillon (J. Ph. [5] 17, 334;
Fischer (Ph. Post, 20, 489).

The arrow-poison of the Somalis, 1 ouabaïo,'
the botanical origin of which is not known with
certainty, contains a compound, ouabaïn, which
is nearly related to strophanthin or strophanthi¬
din. This compound is now prepared from a
variety of strophanthus seeds, known in the
market by the unseientifie name of ' strophan¬
thus glabrus ' (Holmes, Ph. [3] 21, 234 ; Arnaud,
C. R. 106, 1011 ; 107, 1162 ; Cathelineau, J. Ph.
[5] 20, 436). A. S.

STRYCHNINE v. Vegeto-alkaloids.
STYPHNIC ACID v. Phénol and its homo¬

logues.

STYRACIN v. Storax, art. Balsahs.
STYROGALLOL. By the condensation ol

gallie acid with cinnamic acid by means oi
H,,S04, Jacobsen and Julius have obtained a new
dye-stuff, styrogallol, which présents a great
similarity to the colouring matters of thehydroxy-
anthraquinone group.

Kostaneeki has previously shown that in the
analogous condensation of the hydroxy-benzoic
acids with benzoic acid only those hydroxy-
benzoic acids which have at least one OH group
in the meta- position to the C02H are capable of
forming hydroxyanthraquinones. In a similar
manner the condensation with cinnamic acid
also proves to be général for ail such metahy-
droxy- derivatives of benzoic acid. The products
are analogues of styrogallol, and are formed ac-
cording to the général équation—

CaHs_a.(0H)3; =00^ + C6H3.C2H2.C02H
— C18H802+x + 2H20 + H2.
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The simples! of these compounds, C46Hh03, is
obtained from «i-hydroxy-benzoic acid and cin¬
namic acid. It is insoluble in alkalis, in which
it diSers from its dihydroxy- derivative, styro¬
gallol.

The first step in the condensation is probably
the formation of the hydroxv-acid

CH.COji

cBH<cc0>ceH3(on),
which then gives the laetone

CH.CO
I! 0

C«H<co>cA.
Styrogallol, being the dihydroxy- derivative of
this, would therefore liave the formula :

CH.O

C6H4<CCO>C6H(°H),
The compound C40HsO3 is prepared by heating

molecular proportions of m-hydroxybenzoic acid
and cinnamic acid with an excess of concentrated

E,SOt upon the water-bath for some hours. The
product is purified by précipitation with dilute
ammonia, extraction with benzene, and sublima¬
tion or crystallisation from acetic acid. It is very
similar in appearance to antliraquinone, sublim-
ing in large glistening yellow needles, and crys-
tallising from acetic acid in small yellowish
needles, which melt at 260°. It is slightly soluble
inalcokol, with an eosin-like fluorescence. The
solution in H2S04 is yellow, with a green fluor¬
escence. It is insoluble in alkalis, but dissolves,
onboiling, to a yellow solution, with green fluor¬
escence,probably forming a sait of the correspond-
ing acid.

By heating cinnamic acid and the symmetric
dihydroxy-benzoic acid (equal molécules) with
concentrated H2S04 at 00°, the compound
CltH,0., is very readily formed. This is the m-
hydroxy- derivative of the preceding body, and
probably has the constitution :

CH.CO

r Ô
C6H4<£>C6H2(OH).

0
It sublimes and crystallises from acetic acid in
yellow needles, which melt at 325°. It dissolves
in alkalis or concentrated H„S04 with a yellow
colour, but is insoluble in most other solvents.
In cold baryta-water it dissolves, but on boiling
forms the insoluble barium sait of the corre-

sponding acid. Its acetyl- derivative forms yellow
felted needles, of melting-point 255°.

The analogy of styrogallol with alizarin in its
attraction for oxide mordants is no doubt due to
its containing two OH groups in the ortho- posi¬
tion to each other. The fact that these hydroxyl
groups are not in the same position with refer-
ence to the CO group as in alizarin

C,H4<co>C6H2(OH)2[CO:OH:OH =1,2:3]
makes it probable that the corresponding clihy-
droxyanthraquinone

C8H4<°°>C6H2(OH)2,[CO:OH:OH = l:3:4]
when prepared will be found to have similar
mordant dyeing powers (H. v. Kostanecki, B. 20,
3137-3145; S. C. I. vii. 117).

Vol. III.—T

STYROL v. Storax, art. Balsams.
SUBERIC ACID C„H]2(CO.H)2. A dibasic

acid, first obtained by Brugnatelli, in 1787, by
heating cork with nitric acid. Is also obtained
by heating paper, linen, and various fats with
nitric acid. Best prepared by heating castor oil
with nitric acid, sp.gr. 1-25, until no further évo¬
lution of red fumes occurs, distilling the mass
with fréquent addition of water to remove oxan-
thylic acid, and separating the mixed azilaic and
suberie acids by means of ether (Grote, A. 130,
208 ; Dale, C. J. [2] 2, 258). Sparingly soluble
in cold water, more readily in hot water ; m.p.
140°, b.p. about 300°. May be sublimed. On
distilling with lime it yields hcxane C6H, 4, and
suberone CjH,„0; b.p. 179-181° (Boussingault,
A. 19, 308 ; Tilley, C. J. 1, 1 ; Dale and Schor-
lemmer, C. J. 1879, 1, 686).

SUBLIMATION. The passage of a stable
substance, when heatéd, into the state of vapour
nray take place in one of three ways :—■

1. The substance is liquid under ordinary
conditions ; it boils at a definite température,
depending on the pressure.

2. The substance is solid ; when heated it
melts at a definite température, and when more
strongly heated it boils like an ordinary liquid.

3. The substance is solid ; when heated it
does not melt, but passes directly from the solid
state to that of vapour at a definite température
depending on the pressure.

Similarly in the condensation of vapour we
may have (1) liquéfaction ; (2) liquéfaction and
subséquent solidification ; (3) direct passage from
the gaseous to the solid state.

The term distillation is applied to vaporisa¬
tion and subséquent condensation of the first
kind, sublimation to the corresponding changes
of the third order.

Vaporisation and condensation of the second
kind should be included under the term distil¬
lation, since it is really liquid which is converted
into vapour, and which, as a rule, is first formed
in the process of condensation. The term sub¬
limation is, however, not unfrequently employed
in the case of substances whose melting-points
are high or are not far removed from their boil-
ing-points, and, indeed, if the application of the
term were strictly limited to changes of the
third class it would not be very frequently em¬
ployed in praetical chemistry.

As a matter of fact, the majority of substances
may undergo either distillation or sublimation,
according to the pressure under which the
vaporisation and condensation take place. This
may be best understood by means of the dia-
gram (fig. 1), in which températures are measured
as ordinates and pressures as abscissœ.

The curve a b represents the boiling-points
of a substance, the curve c a its subliming-points,
and the curve a d its melting-points under vary-
ing pressures. The boiling and subliming-points
vary greatly with altération of pressure, the
melting-points to so slight an extent that the
curve a d, drawn to true scale for any substance,
could not be distinguished in such a diagram
from a straight horizontal line.

AU three curves intersect each other at a,
the triple point of Prof. Jas. Thomson. The
température at a, measured vertically from the
horizontal axis o y, gives the melting-point of
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610 SUBLIMATION.

the substance under the pressure represented by
the horizontal distance of a from the Vertical
âxis o x ; it is praetically the same as the melting-
point under atmospheric pressure—generally a
small fraction of a degree lower.

x
B

tr

o
h
<
a

a

S

c

o pressure. y

Fis. 1.

If a solid substance is heated under pressures
greater than the triple-point pressure, its tem¬
pérature will rise until the melting-point is
reached ; then, after fusion, the température
will again rise until the liquid reaches its boiling-

point. The melting- and boiling-points under
any given pressure are indieated by the inter¬
section of a vertical line representing that pres¬
sure with the curves a n and a b.

If, however, the pressure is lower than the
triple-point pressure, the substance cannot,
under ordinary circumstances, exist in the liquid
state at ail, and when heated it sublimes with-
out previous fusion at a température given by
the intersection of the vertical line of constant
pressure with the eurve c a. (It is, however,
possible to cool a liquid below its freezing-point
without solidification taking place, and it may,
indeed, be made to boil below its freezing-point.
This is indieated by the dotted line a k, which
is simply a continuation of the curve b a.)

The pressure at the triple point varies very
greatly for différent substances, but in the vast
majority of cases it is far below the atmospheric
pressure. Hence under ordinary conditions true
sublimation rarely takes place.

The following table gives the melting-points,
the boiling-points under normal pressure, and
the triple-point pressures of a few substances;
complété data have been obtained in only a
limited number of cases :—

Substance Mel ting-point—degs. Boiling-point—degs. Triple-point pressure

Water...... ■ 0 100 4-6 mm.

Acetie acid 16-4 118-5 9-45 „

Benzene 5-6 80-2 35-9 „

Bromine ..... -7-1 58-7 44-5 „

Nitrogen -214 -193-1 60
Iodine 114-3 184-3 91

Camphor 180 204 380
Mercuric chloride 288 303 554
Carbon hexachloride . 188 (about) 188 (about) 1 atm.
Arsenic trioxide .... 200 (about) ? a little above 1 atm.
Aluminium chloride 180-185 ? a little above 1 atm.
Arsenic ..... 500 (above) ? above 1 atm.
Carbon dioxide .... — 57 (about) -78-2 about 5-3 atm.

Some other compounds—such as mercurous
chloride and indium trichloride— sublime with¬
out fusion, but exact data are wanting.

It will be seen from the table that the triple-
point pressure of carbon dioxide is over five
atmosphères, hence when the liquid is allowed
to escape from a steel cylinder in which it has
been stored under pressure, any of it that
escapes vaporisation at once solidifies and can¬
not be melted in an open vessel, but passes
directly into the gaseous stato.

Arsenic and arsenious oxide also sublime
when heated under atmospheric pressure, and
carbon hexachloride sublimes if the pressure be
very slightly lowered, but melts and distils if
the pressure be slightly raised. Water again
cannot exist as a stable liquid under a pressure
lower than 4-6 mm. Below this pressure, ice,
when heated, sublimes without melting.

The curve o a represents not only the sub-
liming-points of a solid substance under varying
pressures, but also the vapour pressures of the
substance at varying températures (Eamsay a.
Young, Ph. 18S4, pt. 1, p. 37), just as the curve
a b represents both the boiling-points and the
vapour pressures of the substance in the liquid
state ; hence the relation of the subliming-point

of a solid to the pressure may be defined in pre"
cisely the same way as that of the boiling-point
of a liquid. The ordinary définition of the
' boiling-point ' (a liquid boils when its vapour
pressure is equal to the superincumbent atmo¬
spheric pressure) is, however, to some estent
misleading. ,

There is, in the first place, perhaps some
ambiguity about the terms ' boiling-point ' and
a ' boiling ' liquid. It is true that when a liquid
is described as boiling, the impression conveyed
is that the liquid is in a state of ebullition, but
the ' boiling-point ' is certainly not the tempéra¬
ture of ebullition. What is called the ' boiling-
point ' of a liquid is usually determined by
placing a thermometer in the vapour over the
liquid, care being taken that the thermometer
bulb is always moistened by condensed liquid.
It is, in fact, the condensing-point of the vapour
that is directly measured.

On the other hand, in order that a bubble of
vapour may form below the liquid, not only has
the pressure of vapour or air over the liquid to
be overcome, but also that of the column of
liquid over the point where the bubble forms,
and, lastly, the adhésion of the liquid to the
solid surface (or possibly the cohésion of the
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liquid itself). In the case of a very clean smooth
vessel, and a liquid very free from dissolved air,
this last factor becomes very important, and the
ebullition-point may be considerably higher than
the ' boiling-point.' "Under the most favourable
condition it is somewhat higher (Regnault,
'Relation des Expériences,' 1847, pp. 525-529).

The boiling-point of a liquid is, in fact, not
its ebullition-point—which does not dépend
solely on the pressure—but it is the highest
température attainable by the liquid under a
given pressiere when evaporating with a perfectly
jree surface, and wlien heat is received from
outwards towards the surface. It is only under
these conditions, where ebullition is obviously
impossible, that the boiling-point can be accu-
rately determined by measuring the température
of the liquid itself (Ramsay a. Young, G. J. 47,
42).

In the case of sublimation this diffieulty does
not occur, for anything analogous to ebullition
is impossible, and since the solid can only be
in partial contact with the vessel containing it
there is practically always a free surface for
evaporation.

The ordinary définition of the 'boiling-point'
of a liquid takes also no account of the fact that
a laiv analogous to Dalton's law of partial pres¬
sures holds good for distillation and sublimation.

That this is the case is proved by the be-
haviour of two non-miscible liquids when dis-
tilled together (vol. i. p. 691). It is found that
the boiling-point and the composition of the
mixed vapour are independent of the relative
quantifies of the two liquids présent, and that
the ' boiling-point ' is thesame as that of either
liquid when distilled alone under a pressure
equal to its partial pressure in the mixed vapour.
Hence, as the pressure of the vapour of the one
liquid is without influence on the ' boiling-point'
of the other, it might be inferred that the pres¬
sure of an indiffèrent gas, such as the air, would
be without influence on the ' boiling-point ' of a
liquid or on the subliming point of a solid. This
is, in fact, the case, and it is really not the pres¬
sure of the atmospheric air, but that of the
vapour itself in contact with the liquid or solid,
that influences the ' boiling- ' or subliming-point.

In ordinary cases of distillation or sublima¬
tion the vapour of the substance completely
expels the air from the flask or retort ; hence the
substance is surrounded by its own vapour at
the same pressure as that of the external atmo¬
sphère, and the ' boiling- ' or subliming-point
does dépend—though indirectly—on the atmo¬
spheric pressure.

But if the substance be made to vaporise in
the open air, or in such a manner that the rapid
diffusion of the vapour prevents the complété
expulsion of the air from the immédiate neigh-
bourhood of the substance, then the ' boiling- ' or
subliming-point does not depencl on the atmo¬
spheric pressure.

Thus water, when distilled in the ordinary
way under a pressure of 15 mm., boils at about
18°C., but Schrotter observed in 1853 (A. 88,
188) that when some water was placed on a
shallow clock glass, supported by a short tripod
on a second clock glass, in a bell-jar over
sulphuric acid, the température fell to — 3° when
the pressure was reduced to 15 mm. More rapid

diffusion and removal of vapour was effected by
suspendingin the bell-jar a thermometer the bulb
of which was covered with a sponge soaked in
water ; in this case, under a pressure of 40 mm.,
at which the ' boiling-point ' of water under
ordinary conditions is 34 ', the température fell
to -10°.

The following experiments afford a still
more strikmg proof of the eorrectness of the
statement that the ' boiling-point ' does not
necessarily dépend on the atmospheric pressure.
A copper air-bath was heated to 205° and a
thermometer, the bulb of which was covered
withcotton wool and moistenedwith boilingwater,
was suspended in the bath through an opening
at the top. The pressure of the atmosphère
was 748 mm., and the water on the cotton wool
was in a strongly-heated chamber, yet the tem¬
pérature, instead of remaining at nearly 100°,
fell to 66°, and remained constant at this point
while the water rapidly evaporated. A second
experiment was carried out under the same con¬
ditions, except that steam was introduced, so as
to replace the air as completely as possible by
aqueous vapour. The température of the bath
was in this case 195°, and the steam was passed
into it after the température of the water on the
thermometer bulb had fallen to 69° ; the resuit
was an immédiate rise of température, the
highest point reached being 99°. A fall of tem¬
pérature to 80° was again observed on allowing
some of the steam to escape.

In these cases the ' boiling-point ' certainly
does not dépend on the pressure of the surround-
ing atmosphère, and in ail probability the obser¬
vation that the température of a drop of water
in the spheroidal state does not reach 100°
(under normal atmospheric pressure) may be
explained in the same way, the vapour round
the drop of water being always diluted with a
certain amount of air. Again, by passing a cur-
rent of air through water or any other liquid
boiling in an ordinary distillation bulb, the
vapour above the liquid becomes diluted, and
the resuit is an immédiate fall in tempéra¬
ture, both of the liquid and of the vapour,
although the liquid continues to distil rapidly,
and this is the case even when heated air is
introduced.

Thus by bringing about admixture of air
with the vapour surrounding a vaporising sub¬
stance the same effect is produced as by reducing
the pressure in an ordinary distillation bulb, and
in this way, in certain cases, the partial pressure
of the vapour may be reduced below the triple
point pressure, so that the substance which in a
bulb or test-tube would melt first and then boil,
will under these circumstances sublime at a

température below the melting-point. If the
bulb of a thermometer, by repeated immersion
in melted eamphor, be completely covered by the
solid substance, and if the thermometer be then
suspended in a strongly-heated air-bath through
which a moderate current of air is passing, the
eamphor will not melt, but will sublime at a
temperaturelower than itsmelting-point, although
the total pressure is far above the triple-point
pressure of eamphor.

The slow volatilisation of eamphor, iodine,
snow, and oth'er substances is to be explained in
precisely the same way, vaporisation always
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taking place when the partial pressure o£ the
vapour in the surrounding air is less than the
yapour pressure of the solid substance.

Again, if the vapour of a substance whichis
solid at the ordinary température condense in
the narrow neck of a retort or distillation bulb,
the liquid state is first as a rule assumed, and
solidification afterwards takes place ; but if the
same vapour be allowed to diffuse into the air,
or if by any means sufficient air be mixed with
it before condensation occurs, it frequently
happens that the solid state is at once assumed
without intermediate passage through the liquid
state. This direct passage from the gaseous to
the solid state must, in fact, occur if by admix-
ture with any indiffèrent gas the partial pressure
of the heated vapour falls below the triple-point
pressure before the température falls sufficiently
for condensation to take place.

Thus on boiling sulphur in an ordinary
retort, while the vapour is rising and before the
air lias been expelled, the formation of small
quantifies of flowers of sulphur is always to be
observed above the vapour ; but when the air has
been expelled and the sulphur vapour condenses
in the neck of the retort, liquid is formed.
When, however, as in the formation of flowers
of sulphur on the large scale (refer to diagram
under Sulphur), the heated vapour ispassed into
a large chamber containing air, direct condensa¬
tion to the solid state occurs until the tempéra¬
ture of the chamber reaches the point at which
the partial pressure of the sulphur vapour is
higher than the triple-point pressure, when
liquéfaction takes place.

The phenomenon is still more readily ob¬
served in the case of camphor, iodine, and other
substances, the triple-point pressures of which
are relatively high. Thus if we heat one of
these substances in a poreelain basin and hold
a cold glass funnel or a glass plate over it, the
substance melts and boils in the basin, but con¬
denses as a solid on the funnel or plate. The
heavy vapour collects in the basin, so that its
partial pressure in the atmosphère surrounding
the substance soon rises above the triple-point
pressure, when fusion takes place ; but before
reaching the cold glass surface the hot vapour
becomes so diluted with air that the partial
pressure falls below the triple-point pressure, so
that when condensation takes place the solid
state is at once assumed. In the purification of
erude anthracene by passing steam, heated to
about 230°, over the melted substance, and con-

densing the vapour in a chamber by jets of cold
water, the steam acts as an indiffèrent gas, and
in ail probability the partial pressure of the
anthracene vapour is far below the triple-point
pressure when condensation takes place.

So also when condensation of moisture from
the atmosphère occurs at a température below
0°, and when the partial pressure of the aqueous
vapour is necessarily lower than 4-6 mm., there
must be direct passage from the gaseous to the
solid state, and the light crystalline snow flakes
présent ail the appearanee of having been formed
in this way.

Although the process of sublimation is in
theory quite analogous to that of distillation,
yet the apparatus employed for distillation is
unsuited for sublimation, for the narrow con-

densing tubes would rapidly become blocked
by the solid sublimate. In cases of true sub¬
limation, therefore, and also in the distillation
of liquids with high solidifying points—such as
anthracene, camphor, iodine, &c. — thecondensing
tube must be wide and comparatively short, as
in the Silesian subliming pots for arsenic
trioxide (vol. i. p. 200, fig. 8) and in the con¬
densera employed for the manufacture of iodine
(vol. ii. p. 342).

The condensing tube may, indeed, be replace!
by a simple flat or concave cover over the sub¬
liming pot, as in the case of ammonium chlovide
(fig- 2).

The ammonium chloride is heated in the
pots", and condenses in the solid state on the
iron covers.

(It is true that in this case the process is not
one of simple sublimation, since the vapour does
not consist of ammonium chloride, but of a
mixture of ammonia and hydrogen chloride;
there is really dissociation and recombination

instead of vaporisation and condensation, but
practically the process is the same as that of
sublimation.)

It frequently happens that when direct con¬
densation to the solid state takes place, the
substance assumes the forrn of a fine light crys¬
talline powder, or of feathery flakes which are
easily carried about by currents of air; hence
longer flues or a succession of condensing
chambers are required to prevent loss of sub¬
stance. This is especially the case with such
poisonous substances as arsenic or arsenic tri¬
oxide, and the condensing tubes attached to the
Silesian subliming pots already referred to are
supplemented by condensing chambers.

If the sublimation does not take place from
a retort or pot, but from a furnace through
which the hot gases pass as well as the vapour
of the subliming substance, the light sublimate
is very liable to be carried away, and the flues
must be very long or the chambers very nume-
rous (v. Arsenic trioxide, vol. i. p. 199, figs. 5,
6,7). S. Y.

STICCINIC ACID v. Besins.
SUCCINITE. An amber-coloured varietyof

lime-garnet. Breithaupt's name for amber.
SUCCISTEKENE v. Besins.
SUCROSE. Syn. with Cane Sugar.
SUET. The solid fat of sheep and oxen.

Mutton suet is more solid than beef suet, and
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consists mainly of stearin,togetherwithpalmitin
and small quantifies of olein and hircin ; m.p.
50°(Arzbiicher). Beef suet contains more stearin
than human fat, more palmitin than mutton
suet, and about the same quantity of olein ;
m.p. 47° (Arzbâcher, AV.).

sugar (Fr. sucre ; Germ. zucker) is the
generic name for a group of bodies belonging to
the class of compounds known as carbohydrates.
AU carbohydrates contain either 6, or a multiple
of G, atoms of carbon united with hydrogen and
oxygen, the two latter in the proportion to form
water. The members of the sugar group are
mostly possessed of a more or less sweet taste,
and several of thern are of great value as articles
of food, although by themselves, being destitute
of nitrogen and various other zootic elements,
they are incapable of supporting life for any
considérable time. Some bodies possessed of a
sweet taste, such as the so-called saccharine,
diSer widely in composition from true sugars,
and are not possessed of any nutritive value.
The following table gives the names of the most
important members of the sugar group, and also
indicates their respective action in causing the
plane of polarised light to turn to the right ( + ),
orto left (—).

The Sugar Group.
Glucoses, C6H12Od"

-f Dextrose, or grape sugar.
- Lœvulose, or fruit sugar.
+ Arabinose.
+ Galactose.
+ Eucalyn.
— Sorbin.

Dambose.
Scyllite.
Inosite.

Saccharoses, G^H^O;,.
+ Saccharose, or cane sugar.
+ Milk sugar, or lactose.
+ Melezitose.
+ Melitose.
+ Trehalose.
+ Maltose.

The limits of the présent article will only
allow ns to give a concise account of the manu¬
facture and refining of ordinary sugar (commonly
known as cane sugar), including its mode of pro¬
duction from the sugar-cane, the Sorghum plant,
beetroot, &c.

Cane sugar is obtained from the sugar cane
(Saccharûm officinarum) ; the Sorghum (Sor¬
ghum saccharatum) ; the palm (Caryota urctns
and Saguerus saccharifera) ; the maple {Acer sac-
charinus) ; and the beet (Bêla vulgaris). The
sugar-cane has been employed for the produc¬
tion of sugar from an early period, and descrip¬
tions exist of the mode of using it as far back
as the time of the Crusades, when it was grown
in Syria. From thenee its cultivation spread to
Sicily and to other parts of the southern coast
of Europe, next to Madeira and the Canary
Islands, and later on (about a.d. 1500) to the
West Indies. In 1747, a German chemist,
named Margraf, detected the presence of sugar
in beetroot and other similar roots, and his pupil
F. K. Achard established in 17G9 the first beet¬
root sugar works in Germany, but it was not till
1796 that sugar was made from beetroot on a

large manufacturing scale. Since, then the in-
dustry has increased to a wonderful extent, and
the présent annual production of beetroot sugar
in Europe equals 3,695,000 tons.

Sugar is a crystallisable solid with a charac-
teristic sweet taste, soluble in about half its own
weight of cold water, forming a viscid liquid of
1-333 sp.gr. ; in hot water it is soluble to a far
greater extent. The spécifié gravity of sugar is
1-593, and its percentage composition is :

Carbon 42-11
Hydrogen . . . . .6-43
Oxygen 51-46

100-00

The following table gives the degree of
Baumé's hydrometer, and also the spécifie gravity
of solutions containing various percentages of
sugar:
Total showing tlie relation of percentages,

spécifie gravities, and degrees Baumé in
sugar sohUions.

Per¬ Per-
cent. Spécifie Degree cent. Spécifie Degree

of gravity Baumé of gravity Baumé
sugar sugar

i 1-0038 0-55 44 1-2003 24-0
2 1-0077 1-1 45 1-2056 24-6
3 1-0117 1-7 46 1-2110 25-1
4 1-0157 2-2 47 1-2163 25-6
5 1-0197 2-8 48 1-2218 26-1
6 1-0-237 3-3 49 1-2272 26-7
7 1-0277 3-9 50 1-2327 27-2
8 1-0318 4-4 51 1-2383 27-7
9 1-0359 5-0 52 1-2439 28-2

10 1-0401 5-55 53 1-2495 28-75
11 1-0443 6-1 54 1-2551 29-3
12 1-0485 6-7 55 1-2608 29-8
13 1-0527 7-2 56 1-2665 30-3
14 1-0570 7-8 57 1-2723 30-8
15 1-0613 8-3 58 1-2781 31-3
16 1-0656 8-9 59 1-2840 31-85
17 1-0700 9-4 60 1-2898 32-4
18 1-0744 10-0 61 1-2958 32-9
19 1-0788 10-5 62 1-3017 33-4
20 1-0832 11-1 63 1-3077 33-9
21 1-0877 11-6 64 1-3138 34-4
22 1-0923 12-2 65 1-3198 34-9
23 1-0968 12-7 66 1-3260 35-4
24 1-1014 13-3 67 1-3322 35-9
25 1-1060 13-8 68 1-3384 36-4
26 1-1107 14-35 69 1-3446 36-9
27 1-1154 14-9 70 1-3509 37-4
28 11201 15-4 71 1-3572 37-9
29 1-1248 16-0 72 1-3635 38-3
30 1-1296 16-5 73 1-3699 38-8
31 1-1344 17 1 74 1-3764 39-3
32 1-1393 17-6 75 1-3828 39-8
33 11442 18-15 76 1-3894 40-3
34 1-1491 18-7 77 1-3959 40-8
35 1-1541 19-2 78 1-4025 41-3
36 1-1591 19-8 79 1-4092 41-8
37 1-1641 20-3 SO 1-4158 42-2
38 1-1692 20-8 81 1-4226 42-7
39 1-1743 21-4 82 1-4293 43-2
40 1-1794 21-9 83 1-4361 43-7
41 1-1846 22-4 84 1-4430 44-2
42 1-1898 23-0 85 1-4498 44-6
43 1-1950 23-5 86 1-4568 45-1
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If a sugar solution be very slowly evaporated,
large crystals of ' sugar-candy ' are produced,
and to assist in the formation of these it is

usual to liave threads dipping into the syrup, so
to aet as nuclei.

When pure sugar is heated till it melts, it

BpPSffilî

Fig. 1.—Cane Mill (Elévation).
forms on cooiing an amorplious mass known as
' barley sugar.'

If heated to a higher température, the sugar
is decomposed, forming a dark-coloured mixture
of various bodies, termed ' caramel.'

Whether prepared from the sugar-eane or the

beetroot, the sugar obtained is, when thoroughly
purified, to ail intents and purposes identically
the saine substance.

Sugar unités with various metallic oxides,
forming the so-called sucrâtes. Of these the
most important are the sucrâtes of lime, strontia,

Fig. 2.—Cane Mill (Pian).
and baryta. Sugar also forms compounds with [ Cane szigar manufacture. The sugar-cane
chloride of sodium and many other sub- flourishes best in a warm, moist elimate with
Stances. [ moderate intervais of liot dry weather.
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The following analyses will give a good idea
of the général composition of the sugar-eane,
and of the juice obtained therefrom :—

1. Entire cane.

Water .... . 71-04
Sugar .... . 18-02
Cellulose .... . 9-56
Albuminous matter . . 0-55
Fatty and colouring matter . 0-35
Salts soluble in water . 0-12
Salts insoluble in water . . 0-16
Silica .... . 0-20

100-00
2. Juice of cane.

Crystallisable sugar . . 19-64
Uncrystallisable sugar . 0-30
Ash . 0-25
Water .... . 79-44
Organic matter, &c. . . 0-37

100-00

The quantity of cane grown per acre weighs
from 30 to 40 tons, so that with 18 p.c. of sugar
the crop of a single acre would contain from 5
to 6 tons of sugar. However, 18 p.c. is rather
high, and in wet seasons the juice may not con-
tain.more than an average of 15 to 16 p.c. for a
général crop consisting partly of plant-canes
and partly of first or second rattoons or off-
shoots.

This would still give from 4 to 6 tons of
sugar per acre, but, unfortunately, planters
seldom make more than 2 to 3 tons per acre, as
a large quantity of sugar remains either in the
*

megass ' or ' begass,' as the refuse cane is
termed, or is lost in the process of manufacture.
The sugar-eane contains about S8 p.c. of juice,
of whicli the best mills generally express only
60 to 65 p.c. ; thus more than 20 p.c. of juice is
left in the megass, representing about 4 p.c. of
sugar.

The canes are eut when ripe, and conveyed
to the mill, and then crushed between rollers,
whicil squeeze out the juice.

The mills usually have three rollers arranged
one above the other two, as shown in fig.
2. The canes are fed through the top and
one of the bottom rollers, and then are caused
to pass between the top and the second bottom
roller, so that they are twice crushed. The
juice flows into a trough under the rollers, and
the begass is carried away. The begass is some-
times moistened with water and again passed
through another mill, and by this means an
additional amount of sugar is obtained. The
begass is employed as fuel.

The juice thus obtained contains pièces of
broken cane and other impurities, and tbese are
got rid of by means of wire screens, which can
be easily removed and cleaned. The screens
are sometimes made of endless-wire gauze pas-
sing over rollers, and having a self-cleaning
arrangement attached to them. The juice is
very liable to undergo fermentation, and to pre-
vent this it is neutralised by lime, and subjected
to the action of sulphurous acid gas either before
or after such neutralisation. The method of
using the sulphurous acid before the lime, which
was invented by Colonel Stewart, is mostly em¬
ployed. The juice is next passed into the

' clarifiera,' where the température is raised by
the direct heat of a fire, or by steam, to about
170° to 180°P., when défécation takes place,
and on the heat being removed the impurities
separate as soum and sediment. The ' tempering,'
as it is called, or addition of lime to the cane

juice, is often made in the clarifiers, the tempéra¬
ture being first raised to 130-F.

After remaining at rest for some time, the
clear juice is run into the first of a sériés of
evaporating pans called 'teaches,' a set, or
battery, of which is shown in figs. 3 and 4,
in which it will be noticed that the vessels
are set over a flue, at one end of which
is a fire. When the juice has been concen-
trated in the first teaeh to a certain extent, it is
ladled out into the second, and still further
evaporated. It is then removed to the third,
and lastly, to the smallest teaeh, commonly
called the ' striking-teach,' being the one nearest
the fire, and in this it reaches the crystallising
point.

The mass is then removed to ' coolers,' in
which it is allowed to grain, and is next trans-
ferred to casks, or hogsheads, having a number
of holes in their lower part, which are temporarily
closed by means of plugs. When the mass has
solidified, the plugs are removed, and the syrup
is allowed to drain oS.

A much better method of working is to re-
move the boiled mass from the striking-teach
by means of a dipper-crane, as shown in
fig. 3. The dipper consists of a copper pan,
in the bottom of which is a valve opening up-
wards. The dipper is lowered into the semi-
fluid mass, and, when filled, is hoisted up ; the
crâne is then swung round, and on the valve
being lifted the contents fall into a trough lead-
ing to coolers, or crystallising tanks, also shown
in fig. 3. When the crystallisation is com¬
plété, the sugar is separated by means of a
centrifugal machine.

Sometimes the waste heat escaping from the
flue is used for raising steam in a multitubular
boiler, and fig. 3 shows an arrangement 6y
means of which this economy can be efïected.

A plan now often adopted is to have flat
copper pans, heated by steam worms, each sue-
ceeding one being placed at a lower level than
the previous one, so that the juice flows from
the higher to the lower without being ladled.
The syrup which drains away from the first crop
of sugar is either concentrated to obtain a second
crop of lower quality sugar, or it is fermented
and made into rum. The residual scum, con-

taining much sugar, is also employed in distilla-'
tion. The asli left after burning the begass,
together with the distillery residue, is used as
manure.

These comparatively imperfect processes are
being gradually replaced in many of the colonies
by improved plans of working, involving the
use of vacuum pans in conjunction with centri¬
fugal machines, the use of which has been
attended with excellent results. A description
of the vacuum pan and centrifugal machine will
be found further on under the head of Befining.
The neutralised cane juice is also sometimes
evaporated by means of Fryer's concretor.

In this the clarified juice is rapidly evapo¬
rated without being burnt, and is converted
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into a solid mass, which is easily packed and is
not liable to loss by drainage. To accomplish
this the olarifled juioe is first l'un over a sériés
of shallow trays, a a, in a stream of about
balf-an-inch deep (sea fig. 5). The trays are

divided by 'ribâ running from one side nearly
to the other, forming a continuons, narrow,
winding channel, in traversing whicli the juioe
passes several times from side to side of the
tray. In the large sizes there are ten of tkese

trays placed end to end, so arranged that the
juice can flow freely from one end to the other
of the sériés, or a length of 48 feet, the juice
traversing about six times this length in about
live minutes.

The heat from the tire b passes under the
whole length of the trays, and the juice is in
this way brought to a density of from 30° to 40°
Baumé. On leaving the trays the juice passes
into the revolving eylinder e, in which a very
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large surface is exposed to the action of a current through tubes placed in the ecohomiser c. In
of heated air drawn through the cylinder by this cylinder the concentration is continued
means of a fan, the air being heated by passing until the material has attained such a consis-

tency that it drops down in large flakes instead process takes about half-an-hour, and is a con-
of flowing in a continuons stream. The evapo- tinuous one. No molasses are produced, and the
rated mass is then run into casks, and on cool- average yield of concrète is about 2 lbs. to the
ing becomes solid, andreadyfor shipment. The gallon of juice at 10'5°Bé.
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Tlie Wetzel evaporator. This apparatus has
been largely adopted, and consists of a num¬
ber of copper pipes, arrange! as shown in
fig. 6, held together at eacli end by steam
cliambers, so constructed that the steam enters
one end of tbe System of pipes and tbe con-
densed water flows out ôf the other whilst it is
revolving. The cane juice is run into the pan

Fis. 6.—Wetzel Evapokatok.

of the apparatus, and as the pipes revolve they
take with them a thin film of the j uice, which
undergoes partial evaporation and returns to
the pan. The opération is continued until the
whole contents of the pan are suffieiently evapo-
rated to form a thick semi-solid crystalline mass
termed massecuite.

Diffusion. In carrying out this process, in-
stead of crushing the sugar-eane it is redueed
to small pièces, which are then systematieally
washed in a waysimilarto that described further
on under the heading Diffusion process as
applied to heetroot sugar. The juice obtained
by the diffusion process is said to be much freer
from gummy and albuminous matters than that
obtained by the crushing process. The yield of
sugar is also considerably increased.

Manufacture of heet sugar. The roots are
first eleaned from any adhering earthy matters,
and are then trimmed by removing the some-
what green portion at the top. They are next in-
troduced into a rasping apparatus and eonverted
into a fine pulp, which is put into coarse woollen
cloths, the juice being extracted by means of a
hydraulic press.

The diffusion process. The method usually
employed in Germany for extracting the juice
from the beetroot is known as the ' Diffusion
process.' This plan has been so successful that
now but comparatively few sugar factories em-
ploy rasps and presses. The diffusion apparatus
or batteries may be divided into two classes :
first, the ordinary, consisting of a number of
eells ; and secondly, the continuous, having
but one cell. The first may be again divided
into ' battery in line ' and ' circular battery.'
The ordinary battery is usually composed of
twelve eells. They are so arranged that, on
starting the apparatus, as soon as one oeil or
diffuser is charged with beet cuttings it is elosed
and warm water is forced into it. The water
takes up a portion of the sugar, and then enters
a second diffuser, charged with fresh cuttings,
or ' cossettes,' to use the Frencli name. This
opération is repeated until the juice from the
first diffuser, having passed through a certain
number of eells, leaves the last charged with
sugar. After the working of the process has

once been established, each cell containing fresh
cossettes is first acted upon by the already partly-
charged solution from the cell filled immediately
before it.

The fresh warm water enters the cell con¬

taining nearly exhausted cossettes, and travels
through each cell in succession until the juice
finally passes out through the cell last filled.

Between each two eells is a vertical cast-iron
cylinder, termed a ' caloriser,' which serves to
reheat the juice so as to maintain its tempéra¬
ture, or even, if desired, to increase the same. In
working a diffusion battery one diffuser is being
charged and a second emptied, wliile the rest of
the battery is under pressure.

The arrangement of a battery, whether in a
line, or double line, or circle, dépends upon the
space at the disposai of the sugar manufacturer.
The circular arrangement requires a higher
building, owing to the position of the slicing
machines, but nevertheless it is usually con¬
sidéré! préférable to a line battery. Among the
spécial advantages of a circular battery is the
economy of labour. Another important advan-
tage is that ail the diffusers are under the im¬
médiate control of the workman in charge. The
beet slicer is placed above the battery, a swing-
ing shoot conducting the cossettes into the
diffusera. The exhausted cossettes are dropped
into a channel below, and thence carried to con¬
tinuous presses by a chain and bucket elevator.
As already indicated, the line battery différa
from the circulai' only in the arrangement of the
diffusera and the carrier necessary to charge
them. A continuous diffuser has been invented
by M. Charles, and aftenvards advantageously
modified by M. Peret, of Koye, France. It is
thus described in the 'Bulletin de la Société
Industrielle d'Amiens,' 1882. The continuous
diffuser consists of an iron cell, cylindrioal in
form, resting horizontally upon a foundation of
masonry. Within this cell is a perforated iron
cylinder about 4 feet in diameter and 36 feet in
length. The axis is formed by a smaller cylinder.
Between these two cylinders is a hélix. The inner
cylinder is made to rotate, and the speed is so
adjusted that it requires sixty minutes for the
beet cuttings to traverse the length of the hélix.
The cossettes are continually immersed in the
solution. The water enters the cell at the end,
where the exhausted cossettes are expelled. An
automatic arrangement controls the amount of
water admitted and keeps it at a certain level.
The water gradually becomes charged with sugar,
and finally leaves the cell at the end where the
fresh cossettes enter it. The conditions for a

good diffusion are thus carried out, the cossettes
and water moving in opposite directions, and the
juice becoming more and more concentrated as it
cornes in contact with cossettes richer and richer
in sugar. The water enters at a température of
30°C.,andis heated as it passes by means of coils
placed between the fixed cell and the revolving
cylinder, its température beinggraduallyincreased
to 75° or 80°C., and then, as it strikes fresh cos¬
settes, it becomes colder, and leaves the diffuser
at a température of 50° to 60°C. Three small
vertical test cylinders are placed at equal
distances from one another, and serve for deter-
mining the sp.gr. and the température of the
juice.
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In Germany and Austro-Hungary 90 p.c. o£
the sugar manufaoturers employ the diffusion
process. The proportion in France is much
smaller, owing to the duty having, till lately,
been based upon the sugar actually obtained,
and not on an estimated yield. Since the pas¬

tricts where local conditions prevent its adop¬
tion.

The beetroot pulp, after the juice has been
squeezed out or separated by the diffusion pro¬
cess, serves as cattle food. The transport of
beetroots from the field to the factory is fre-
quently attended with considérable expense. To

sage of the new law levying the duty on the
weiglit of the roots of an assumed richness, as
in Germany, many French sugar manufacturera
have adopted this process. It is likelythat in a
few years the diffusion process will be the only
one employed for extraction, except in a few dis-

lessen this, the System introduced by Linard, of
Cambray, of sending the juice to a central fac¬
tory by means of underground piping, is some-
times adopted. The juice is treated with 1 p.c.
of lime, and then pumped through cast-iron
pipes, which are from 2 J to S inches in diameter
and are capable of withstanding considérable

Fig. 7.—Battery of Diffusers.
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Fia. 8.—Caubonatation Plant (Elévation).

hnthS^eT? Tlns system is used to a small estent I As an example, the central factory 0£
l'ance antl Belgium. | Coulommiers (Seine and Marne), belonging to

Fia. 9.—Cakbonatation Plant (Plan).
the Fives-Lille Co., may be meritioned. This Rozoy-en-Brie by means of underground pipes,
factory is fed by the four rasping machines having a total length of about twenty miles,
of Coulommiers, Jouy-le-Chatel, Yaudoy, and Tbis central factory opérâtes eacli season upon
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the juice from 45,000 to 50,000 tons of beetroot,
and produces 2 500 to 3,000 tons of sugar.

The beet juice resulting from either rasping
or diffusion is defecated in a tank titted with a

steam worm, where it is heated to about 85°C.
being at tbe same time mixed with an amount
of lime which may range from 0'5 to 3 p.c. on
the roots treated, and it is thereby rendered
strongly alkaline. The application of beat is
continued until the liquid is on the point of
ebullition, and begins to break through the
scum. The clear juice is then decanted into
another tank placed on a lower level, and, whilst
still hot, carbonic acid gas is pumped into it
through a perforated worm till the alkaline re¬
action has almost entirely disappeared, or, in
other words, till the lime has been precipitated,
carrying down with it various impurities. The
juice is allowed to stand until it beeomes bright,
when it is- decanted. This process is known
as1 carbonatation.' Many impurities, including

Fig. 10.—Filtek Peess.

some of the colouring matters, are removed
from the juice by the défécation and subséquent
carbonatation, which are usually repeated. lu
the second carbonatation, however, the amount of
lime employed is very much less than in the
first. At présent the défécation and carbonata¬
tion are, in many beet sugar. factories, combined
in one opération. The carbonic acid gas is
obtained from a specially-constructed lime-kiln,
and is washed prior to being pumped into the
carbonatation tanks. The scum and deposited
matter are separated from the remaining juice
by means of a filter press. The accompanying
engraving (fig. 10) depicts one of the filter-presses
commonly used.

The clear juice is then passed through
animal charcoal. In some factories treatment
with sulphurous acid and subséquent filtration
through sand is made to take the place of
animal charcoal. The juice is afterwards con-
centrated by evaporation to about 20°Bé. in
vacuum pans. These are generally arranged in
sets of three or four, forming what is known as
the 1 triple-1 or ' quadruple '-effects.

The vapour from the juice in the first pan is
used to heat the second, in which the vacuum is
more perfect ; the vapour from the juice in the
second pan is employed to heat the third pan, in
which the exhaustion is most complété. Some-
times a fourth pan is added to the set.

This forms the well-known system of evapo¬
ration which utilises the latent, heat of the
vapour of liquids boiling uuder a low vacuum
to boil a second pan under a higher vacuum.
The usual limit to this system is four pans, thus
utilising the latent heat four times, and re-
ducing the fuel to nearly one-fourth of that
required for open evaporation, or single vacuum
pans. As generally arranged, ail the boiling
liquids in the system are under a partial vacuum.
Thus in a quadruple eiïect the first is under a
very slight vacuum, from which the vapour is
taken to boil a second under 12 inches vacuum ;
from this to a third, boiling under 19 inches
vacuum ; and from this to a fourth, boiling at
the highest vacuum praetically obtainable.

In the engraving of the carbonatation-
apparatus and triple effect, vessels are shown
under the name of ' syrup eliminators.'
These are sometimes used in connection
with the second clarification, for bringing the
syrup to a sliarp boil so as to coagulate
albuminous matters &c., the température in the
triple-effect apparatus being too low to accom-
plish this unaided. This bringing of syrup to a
liigh température appears to be very important
where bright sugars are required. For a long
time sugars made by the triple-effect process
were not so bright as those made with pre-
liminary evaporation in the open air, but giving
the syrup a thorough boil between the triple
effect and the vacuum pan appears to remedy
this defect. The circular gutter round the top
of the eliminator permits the scum to be easily
brushed off the surface of the boiling syrup.

Another mode of evaporation, which is also
worked on the principle of a multiple effect, is
called, after its inventor, the Yaryan system, and
is somewhat largely used in the TJnited States and
elsewhere for concentrating sugar solutions. It
differs from various other Systems by performing
the evaporation within pipes laid horizontally
and surrounded by steam. The feed and dis¬
charge of liquor to and from the pipes is con¬
tinuons, and the quantity of liquid within the
pipes at any given moment is but small. The
liquid thus merely forms a film, which is
moved on by the current of vapour, and passes
backwards and forwards five times the length of
the apparatus, being then discharged into a re-
ceiving-chamber, from whence it is pumped into
the next effect. The time required for evapora-
ting juice from 6°Bé. to 30°Bé. by this process is
said to be only five minutes. The evaporation
is conducted in vacuo, and is worked in several
separate effects, the steam from the first effect
being used to heat the second, and so on as in
the ordinary triple effect. For engraving of the
Yaryan and other forms of multiple effects v.
article on Evapoeation.

Another vacuum apparatus of a somewhat
similarkind is kuown as the ' Lillie Evaporator.'
In this apparatus the tubes, which are externally
heated by steam, are arranged vertically, and
the liquid is made to flow down in a thin film so
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as to cover the entire interior surface of the
tubes.

Apparatus construeted on the System of the
Yaryan and Lillie evaporators are known as
' transit evaporators.'

After the beet juice has been concentrated as
above-mentioned to 20°Bé., it is again passed
through animal eharcoal, and, lastly, con¬
centrated in an ordinary vacuum pan until it
forms ' massecuite.' The massecuite is then
machined in a centrifugal machine, and yields
the first crop of sugar, or the first jet. The
syrup from the first jet is again boiled down and
gives massecuite, which, on machining, yields
the second jet sugar. The syrup from this is
again concentrated to massecuite, which is
allowed to remain for a considérable time in
tanks kept in a warm place, when it gives, on
machining, the third jet sugar. By again opera-
ting in a similar way, a fourth jet sugar is
sometimes obtained. Each of the latter jets or
crops of sugar is decidedly inferior to the pre-
ceding. Even the first jet is, on account of its
disagreeable taste and odour, utterly unfit foi-
direct consumption. By washing it, however,
with water or steam in a centrifugal machine,
the sugar is rendered nearly pure, and is known
in the market as ' beet-crystals.'

Yield of sugar. Beetroot containing 10 p.c.
of sugar will yield on an average : —

Per cent.
First jet sugar 5-0
Second jet sugar . 1-5
Third jet sugar 0-5
Sugar remaining in molasses 1-5
Loss in the pulp, scum, filter, &e 1-5

Wo
Beetroots are now grown in Germany con¬

taining 15 to 18 p.c. of sugar, and with such
roots the yield of the first and second products
will be considerably higher than that above
given.

The final molasses are treated by various
processes for the partial recovery of the sugar,
or they are fermented and distilled, the residue,
which contains a considérable amount of potash
salts, being used as a manure.

Beet molasses may be represented as having
the following average composition :—

Per cent.

Sugar 50
Other organic matters . . .20
Ash (minerai matter) . . .10
Water . . . . . .20

100

Among the numerous methods devised for re-
covering the sugar from molasses, the following
are the most important :—

The osmose process of Dubrunfaut. In this
process the molasses are placed in an apparatus
the sides of which are made of parehment paper,
and the outside of which is in contact with warm

water. Under these circumstanees the salts,
which are more easily diffusible than the sugar,
pass through the parehment paper, carrying with
them, however, a notable proportion of sugar.
The sugar remaining inside is comparatively
free from saline matters, though it is diluted by
the entry of the water to some extent ; and in

boiling down a considérable amount of sugar
may be obtained. This process is used to some
extent, particularly in France and Belgium,
and is interesting as not requiring, in its execu-,
tion, the addition of any substance but water.

Lime, baryta, and strontiaprocesses. These
dépend upon the formation of compounds of
sugar with the alkaline earths of an almost in¬
soluble charaeter. These compounds are made
by the addition of one of these bases to molasses
or other saccharine solutions ; the slightly
soluble precipitate produced is next washed with
water or alcohol, and then decomposed by caï-
bonic acid. The base is thus converted into an

insoluble carbonate, from which it can be again
recovered, and the sugar is rendered available.
Sometimes sucrate of lime is added, instead of
slaked lime, to the raw beet juice to neutralise
it, the sugar being at the same time set free.

The elution process. In carrying out this
process the sugar in the molasses is converted.
into tribasic sucrate of lime by mixing the
molasses with 25 p.c. of lime, when a solid mass
is produced. This was washed with water, ac-
cording to the plan of Lair and Bilange ; but as
some of the sucrate was dissolved by the water,
the use of alcohol was substituted by Dr. Scheib-
1er. A modification of the elution process has
been introduced by Seyferth by using molasses
at 43° to 44°Be. at a température of 30° to 33°C.
To this is added 30 to 40 p.c. of finely-powdered
quicklime, which is first made into a cream with
water. As the lime becomes hydrated, the beat
produced causes the mass to dry up. The mass
is then broken up in small pièces and placed in
vessels called ' elutors,' in which it is systema-
tieally washed with alcohol of 35 p.c. After
being thus washed five or six times, the sucrate
becomes nearly free from impurities, when steam
is introduced into the elutor, the alcohol con-
tained in the sucrate distilling off, and the
sucrate being reduced to a pasty mass, which
can be easily removed. This sucrate may be
used to replace the lime in defecating beet-
juice.

Manoury's process. This process is similar
in principle to the foregoing. Milk of lime is
mixed with the molasses in a specially-con-
structed mixer, and the sucrate of lime leaves it
in small grains, which are subsequently washed
in close vessels with 40 p.c. alcohol.

Steffen process. In carrying out this process
a tribasic sucrate of lime is produced, which is
diffieultly soluble in water, requiring 200 parts to
dissolve it. The mode of operating is as fol-
lows : water is added to beet molasses till the
density of the solution is 6-6°Bé., the p.c. of
the sugar being from 7 to 8. Small portions of
lime, which must be freshly burnt and in a
finely-powdered state, are then added at short
intervais. The température is not allowed to
exeeed 59°F. The amount of lime required to
precipitate the sugar is 93-4 lbs. of lime for
100 lbs. of sugar. The sucrate, which resembles
a dirty milk of lime, is pumped to the filter-
press, which is so construeted that the sucrate
can be washed in the press. The mother-liquor
is used as manure, and the sucrate is washed
with water, the washings being subsequently
used to dilute a fresh portion of molasses. The
residue in the filter-press, which is nearly pure
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tribasic sucrate of lime, may be decomposed by
bot water, by which two-thirds of the lime is
removed and remains in the filter-press.
The residual lime is precipitated by carbonic
acid, and the sugar obtained by filtering from
the carbonate of lime and evaporating the fil-
trate. The tribasic sucrate of lime is, however,
mostly used in the beet sugar fabrics to replace
the lime ordinarily employed for défécation.
Having seen this interesting process at work, the
writers are of opinion that it is the most success-
ful attempt to deal with beet molasses, but at the
same time that it is not suitable for the syrups
from arefinery in which cane sugar is employed,
containing, as they do, a considérable percentage
of glucose.

Strontia processes.
The following processes have been patented

by Dr. 0. Scheibler for the séparation of sugar
from molasses :

1. Formation of strontium saccharate from
the syrup.

2. Séparation of the saccharate from foreign
substances.

3. Décomposition, by cooling, of the saccha¬
rate into strontia crystals and sugar solution
containing strontia.

4. Séparation of the strontia crystals from
the sugar solution.

5. Précipitation by carbonic acid and filtra-
tion of strontium carbonate from the sugar solu¬
tion.

6. Finishing the sugar liquor filtered in the
last opération.

7. Becovery of strontia (combined with foreign
substances, in the syrup) by means of carbonic
acid.

8. Calcination of strontium carbonate to SrO
and solution of this oxide to form

Sr(OH)2 + 8H.0.
Dr. Scheibler thus describes the nature of

his présent modification of the strontia pro¬
cess:—

If to a 20 or 25 p.c. solution of sugar there
be added, at 70° to 75°C., with agitation, an
équivalent quantity of strontium hydrate,
H,Sr02.8H20, a supersaturated solution of stron¬
tium monosaceharate is obtained, from which,
after a time, either unaltered strontium hydrate
may be caused to crystallise out, or the mono¬
saceharate to separate, accordingly as either a
crystal of the former or of the latter is t.hrown
in. The monosaceharate referred to lias the
formula C12H220MSr0 when anhydrous, and the
sameplus 5H20 when crystallised. It is soluble
in cold, and more easily in warm, water, and is
decomposed,with the formation of thebisaecha-
rate, when a solution is heated above 60°C. One
litre of water at 0°C. dissolves 2S-4 grms.
C|2H„OnSrO, which is équivalent to 21-8 grms.
of sugar. At 58°C. the solubility is 185-1 grms.
of the monosaceharate, équivalent to 142-1 grms.
sugar. In praetice, a strong solution of stron¬
tium hydrate, in quantity rather beyond the
theoretical, is added to the syrup, the tempéra¬
ture being kept at such a point that no forma¬
tion of bisaccharate can take place. The mixture,
which should remain clear, is then cooled, and
a little crystallised monosaceharate thrown in,
when the séparation of the same compound be-

gins, and is completed after from 12 to 24 hours.
Tlie mother-liquor is then pressed out, super¬
saturated with strontium hydrate, and the whole-
boiled. A formation of bisaccharate at once

takes place ; this is removed, and mixed with a
fresh quantity of syrup in the proportion of
1 moleeùle of total sugar to 1-25 molécules of
strontium oxide. The mixture is cooled, and a
second small crop of monosaceharate obtained
as before. From the monosaceharate procured in
these two opérations the sugar may be obtained
after precipitating the strontia as carbonate ; or,
better, if a crystal of strontium hydrate is
thrown into a saturated solution of the mono¬

saceharate, the whole being well cooled ; a portion
of the strontia then separates as SrH202, and the
remainder is precipitated by carbonic acid. It
is claimed that by this process, as compared with
the earlier bisaccharate method of the same in-
ventor, a considérable economy of strontium
hydrate is elïected, whilst the product is purer.

Sucrate of lime process. This process was
invented by Boivin and Loiseau. It consists of
the purification of sugar solutions by means of a
so-called compound termed the ' sucrate of hydro¬
carbonate of lime,' which is obtained by passing
carbonic acid gas into a solution containing
sucrate of lime, so as to partly, but not entirely,
décomposé the sucrate. This sucrate is sometimes
used directly in the treatment of cane juice. It
is also applied in refining sugars of a high stan¬
dard not containing more than 2 or 3 p.c. of
glucose. In this case the sucrate is mixed witlr
a solution of the raw sugar, and the mixture is
then boiled and filtered. Carbonic acid gas is
then passed through the filtered liquor to remove
the lime as carbonate. The glucose is destroyed
by this process without darkening the liquor, as
is the case when lime is warmed with liquors
containing glucose. The advantages said to
resuit from this process are : decreased cost
of working, great saving of animal charcoal,
and increased yield of sugar. The molasses
left after this mode of working are only fit for
converting into spirit. A sample gave, on
analysis, the following results :

Per cent.

. 44-00Sugar
Glucose
Ash 1 .

Water, &c..

1-47
12-96
41-57

100-00

The alum process of Duncan and Newlands..
The greater part of the saline matter in beet.
molasses consists of potash salts, and the main
object of this process is to remove the potash.
This is effected by adding to the molasses in the
cold a strong solution of sulphate of alumina, in
quantity sufficient to form potash alum with the
whole of the potash présent. The mixture is well
stirred, and in a short time the alum settles out and
may be removed, eitherby décantation or bymeans
of a filter-press. The acid liquor is immediately
neutralise! by adding milk of lime. The whole
is then heated to 160°F., and passed through
Taylor-filters or a filter-press, as in the ordinary
process of refining. The advantages of this pro¬
cess are : (1) the removal of potash and am-
monia from syrups without much dilution ; (2)

1 Contaiiliug lime, 2-8G ; potassa, 1-73.
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the removal of much colouring and albuminous
matters ; (3) considérable improvement in flavour
and odour ; (4) the alum produced is fully equal
in value to the sulphate of aluminaused, so that
the expense of the process is not great ; (5) the
plant required is of the simplest description, the
cost of labour is small, and the opérations are
continuous and rapid.

Acetic acid process. It has been proposed
to dissolve out ail the impurities from molasses
by means of concentrated acetic acid, in which
sugar is insoluble, but this plan has not been
adopted on a large scale.

Margueritte's process. In this process
enough sulphuric acid is added to convert ail
bases présent in the molasses into sulphates ; a
large amount of alcohol is then mixed with the
molasses, and a considérable proportion of the
bases is precipitated in the form of sulphates.
The alcohol is redistilled and used over again,
and a good deal of the sugar is recovered. This
plan, however, when carried out on the large
scale, was not found to give satisfactoryresults.

Palm sugar. Palm sugar, sometimes termed
'date sugar,'is obtainedfrom the juicesof some
varieties of palm which are grown in the East
Indies, including Hindostan, Ceylon, and the
Eastern Archipelago. The juice obtained by
making incisions in the tree is boiled down to a
solid mass, which is afterwards roughlypurified.
A good deal of this raw sugar is brought over to
Europe and sold as Palmyra Jagghery, a sample
of which gave the following results on analysis :

Ver cent.

Sugar 78-00
Glucose 8-93

Ash, soluble . . . . 1-71
Ash, insoluble . . . . 0-86
Moisture 6-74
Undetermined organic matters. 3*76

TôïFoo
Maple sugar. The sugar-maple (Acer sac-

ckarinum) is one of the largest trees of the
genus, frequently reaching a diameter of 3 to 4
feet, and occasionally attaining a height of over
100 feet. Incisions are made in the trunk a

few feet from the ground, and sometimes also in
the larger branches, into which wooden or métal
tubes are inserted from which are suspended
vessels to eollect the juice. The sap is heated
in a boiler till it thickens, and then is poured
into wooden moulds or earthen pots in which it
solidifies on cooling. Three men can, according
to Michaux, attend to 250 trees, which would
yield 1,000 pounds of sugar, or about four pounds
per tree. The maple sugar made in the United
States and in Canada is entirely employed for
local consumption.

A sample of maple sugar (brown sugar) from
Canada gave the following analysis :

Per cent.

Sugar 89-00
Glucose 2-50
Ash 0-54
Moisture - 4-30
Undetermined organic matters. 3-66

100-00

Rendement or calculated yield of refined
sugar, 83-80.

Sorghum sugar. Sorghum sugar is pre-
pared, to a limited extent in the United States
and elsewhere, from the juice contained in the
stalks of Sorghum saccliaralum.

When these are of good quality they contain
about 14 p.c. sugar, with about 1-5 p.c. of un-
crystallisable sugar. The sugar is obtained in
the same way as from the sugar cane.

A great number of experiments have been
made in various parts of the United States,
under the auspices of the U.S. Department of
Agriculture, as to the best means of cul-
tivating the sorghum cane, and also as to
the amount of sugar which can be practi-
eally extracted therefrom. This investigation
has been mostly conducted under the super-
intendence of Prof. H. W. Wiley, who, in 1838,
reported as follows : —The sorghum plant is
adapted to large areas of the country which
are not adapted to the production of sugar from
the sugar cane or from the sugar beet. Itis
especially adapted to the dry climate of the
great West. Its cultivation is suited to the
habits of the farming population. When the
sorghum plant has been suocessfully developed,
and improved as other sugar-produeing plants
have been improved, the sorghum-sugar industry
will prosper, and will employ capital and labour
in producing the sugar which we now import.
The sorghum plant is sometimes a good sugar-
producing plant, sometimes it is merely a syrup-
producing priant. This variability in the cliemical
composition of its juices is what might be ex-
pected from a plant which has not yet been bred
up to fixed types of excellence by long-continued
sélections of seed from the finest plants of the
best varieties. Judging by ail analogies, the
sorghum plant can be very greatly improved by
intelligent and long-continued sélection.

Preliminary trcatment of raw sugar,occasionally
made use of before the commencement of ordi-
nary refining.

The raw sugar is sometimes washed by water,
steam, or syrup, and is thus separated into
two parts, viz. the undissolved sugar, which is
purified to a considérable extent by this process,
and the washings, which consist of thin syrups,
from whicb, by boiling down, a erop of low-
quality sugar can be obtained. One of the most
successful inventions for aecomplishing this
purpose is the ' Weinrieh process,' by which the
impurities adhering to the crystals of raw sugar
are removed by means of steam in a centrifugal
machine of peeuliar construction, as shown in
fig. 11. In working this machine, the ring
at the top of the basket is removed and the
drum a inserted, eare being taken to keep it in
the middle of the basket.

The raw sugar, which must be grainy, is
then filled into the space between the drum and
the basket, and slightly pressed with the hand.
The ring is replaced, the bolts being driven into
the bolt-lioles with a wooden mallet, and the
machine is slowly started. When the sugar is
seen to leave the drum, the latter is removed, in
a vertical position, by two workmen holding the
extremities of the handle.

After the drum is removed, the lid is shut
down, the speed of the machine is increased to
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from 800 to 900 révolutions per minute, and
steam is admitted into the interior of the
basket.

Wlien the syrup leaving the machine becomes
liglit coloured, the steam is shut off and the
machine is stopped as quickly as possible. The
lidis then opened and the ring removed, the
bolts being driven baek with a mallet, and the
purified sugar is taken out. If hard. sugar be
required, wooden wedges are placed in the
basket at equal distances apart, the sugar is
tken introduced, and the opération carried on as
before, except that, after the steam has been
turned off, the basket is allowed to revolve for
two or three minutes before the sugar is taken
out, so as to dry the sugar. The wooden wedges
are removed by means of an iron rod inserted in
the ring at the back of the wedges, and the

purified sugar cornes out in the form of blocks,
which may be roughly broken up or ground in
a mill.

When this process is employed, using large-
grained raw sugar, the yield of purified sugar is
from 80 to 90 p.c., but with low sugars it is from
05 to 70 p.c., the balance of the sugar remaining
in the syrup. The treated sugar, if made from
good grainy sugar, will polarise from 99 to 99'75
p.c., and if from low sugar 97'5 to 98-5 p.c.

The time required for the opération varies
from 10 to 40 minutes, according to the quality
of the raw sugar treated. With regard to steam-
ing, the exhaust steam from the engine driving
the machines will be more than sufficient. The
pressure should not exceed five pounds in the
pipes leading to the machines, and the steam
should be kept as dry as possible.

Longitudinal Elévation Section at A A

Fig. 11.—Weinrich Centrifugal Machine.

Analysis of sugar before and after the Wein¬
rich process :—

— Eaw Treated Syrup

Sugar.
Glucose
Ash .

Moisture .

Other constituents

92-20
0-20
2-37
2-92
2-31

9900
0-09
0-34
0-18
0-39

58-00
0-40
3-29

| 38-31
100-00 100-00 100-00

Rendement 80-2 98-3 41-2

Among the more recent improvements in
this mode of treatment are the inventions of
Walker and Patterson, Prémaux, and Duncan
and Newlands.

Sugar refining.
The following are the principal points to be

considered in selecting the site of a refinery : —
1. The foundation must be of an excellent

character.
Fot. III.—T

2. The refinery must be well placed for the
purchase of raw sugar.

3. It should also be well situated for the dis¬
tribution and sale of the refined sugar ; it should,
therefore, have direct means of communication
by navigable water and rail.

4. There should be a good supply of water
for condensing and melting, soft water being
préférable for the latter, and for washing the
char. If the only available supply should be
hard water, it should be softened by Clarke's
process or other means.

5. Fuel should be obtainable at a low price.
6. The cost of labour should be moderate.
The process of sugar-refining may be divided

into the following opérations :—
1. Melting or dissolving in liot water, or

weak solutions of sugar, with the aid of open or
closed steam.

2. Filtration from meehanieal impurities.
3. Deeolourisation, by passing through

animal charcoal, and also by the action of sul-
phurous acid.

4. Boiling down or concentrating to mas-
secuite in the vacuum pan.

S S
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1. Melting. The raw sugar is usually hoisted
to the topmost floor of the sugar house, known
as tlie'garret,'and here the varieras packages

are emptied and the contents passed through
openings in the floor, preferably covered with
iron gratings, the bars of which are at intervals

A. Blow-ups. b. Tayïor filters. c. Raw sugar tanks, d. Char cisterns. e. Char kilns. F. Char trucks.
g. Char elevators. h. Fine-liquor tanks, r. Sweet-water tanks. j. Washing tanks.

A. Blow-ups. b. Taylor filters. c. Raw-sugar tanks. D. Char cisterns. e. Char kilns. F. Char trucks.
G. Char elevators. H. Fine-liquor tanks. I. Sweet-water tanks. J. Washing tanks.

SUGAR.

5. Machining with a centrifugal machine.
These opérations will now be described

seriatim.

The arrangement of the melting and char
departments of a sugar refinery may be under-
stood by referenee to fig. 12.

Fig. 13.—Melting and Chah Departments of a Sugar Refinery (Plan).

Fig. 12.—Melting and Char Departments of a Sugar Refinery (Elévation)
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of about 2 or 3 inches, so as to prevent any very
large pièces, either o£ sugar or other materials,
irom passing through. Each o£ these openings
isplaced immediately over one of the melting-
pans, or 'blow-ups,' as they are technieally
called.

The blow-ups are cylindrical in shape, and
are made of east iron. They are usually plaeed
eitber in the garret, as shown in fig. 12,
or on the floor immediately below it. Each
blow-up, a, is capable of holding from 3 to 10
tons of sugar, with water sufficient to dissolve
the same ; it is provided with stirring gear and
a copper coil, which is heated by low-pressure
steam, or the coil is perforated with holes so as
to blow in open steam. Thus by means of hot
water and steam the sugar is rapidly dissolved,
and by the addition of more sugar or water, as
the case may be, the solution is brought to the
required density and température, these being
about 28°B. and 1G0°F., or, with low sugars,
even a higher température. Some cane sugars
of low quality, sucli as jagghery, give a solution
which is very difficult to filter, and so blood or
some other albuminous substance is added to
the solution before the température bas reached
thecoagulating-point. On afterwards raising the
beat the albumin coagulâtes and entangles any
suspended matters. The cases in which the sugar
lias been brought, including hogsheads, barrels,
boxes, and also mats and bags of various kinds,
are thoroughly washed or steamed to get out the
sugar.

2. Fïltration.

Taylor filters. After the liquor leaves the
blow-up it is run on to the top of a Taylor filter.
The outer part of this consists of a chamber
made of cast iron, of various dimensions, pro¬
vided with doors. At the top of the chamber is
a receiving tank from 6 inches to 1 foot deep,
covering the entire surface, and in the bottom
of this tank are a number of holes about an inch
in diameter and about 9 inches apart. Each of
these holes is provided with a screw socket to
reeeive the upper end of a bell-shaped brass
nozzle which is screwed into it, and round these
nozzles the filter-bags are tied. The filter-bags
are made of fine twilled eotton cloth, and are
about 6 feet long and from 18 inches to a yard
wide, and each of them is crumpled longitudi-
nally and slipped inside a sheath made of coarse
hempen cloth of an open texture. The sheath
is a little longér than the filter-bag, and is from
6 inches to 9 inches in diameter. After the
bags are inserted in the sheaths they are tied
round tbe nozzles, which are then screwed into
the sockets. Should any one of the bags give
tqrbid liquor the hole at the top of it should be
stopped up. After the liquor lias ceased to flow
freely, the bags are washed repeatedly with hot
water (steam being introduced outside the bags
to keep the water hot) until ail the sweet has been
extracted. This bag-water is used for melting
raw sugars. The door of the chamber is next
opened, and when the filters have eooled down.
the nozzles are unscrewed, each bag removed
from its sheath, and then turned inside out and
washed severai times in separate tanks. By
turning tbe bag inside out and pushing it under
water, the imprisoned air, in escaping, drives

before it a good deal of the muddy impurities
contained in the bag. This process is repeated
severai times, each time using cleaner water, and
washing the dirtiest bags in the last water.
In some refineries the bags are taken direct from
the filters in the sweet state, and are washed in
the tanks as above described, the mud being
afterwards removed from the sweet water by
means of a filter press. A little lime is some-
times added to the muddy water to prevent fer¬
mentation and assist filtration. For most kinds
of raw cane sugar it is necessary to employ
Taylor filters, but beet sugar can often be satis-
factorily dealt with by means of a filter press.
The use of various substances—including lignite,
earbonised infusorial earth, brown coal, wood
charcoal, animal charcoal, sav.'dust, &c.—has
been suggested to assist the passage of liquor

Fia. 14,—Taylor Filter.

through the filter press, but none of these pro¬
cesses have corne into général use, although the
last named is employed in a few refineries.

3. Decolourisation. For this purpose animal
charcoal (v. Bone black) is employed, being plaeed
incharcisterns consistingof cast-or wrought-iron
cylinders, usually about 10 feet diameter by 18
feet high. Each cistern is provided with man-
holes, one at the top for introducing fresh char
and the other at one side near to the bottom for

emptying out the char which has been ex-
hausted. Each cistern has also a false bottom
made of wood or iron, perforated with numerous
holes and covered with scrim cloth, or blankets,
so that the clear liquor coming from the char
may be deprived of any char dust and may
come through perfectly bright. The cisterns are
filled with well-burnt char to within a short dis¬
tance of the top, and the warm liquor is then
allowed to flow in at the top, the cock at the
bottom of the cistern having been opened to
allow the air to eseape. When the cistern is
full and the liquor begins to come through at
the bottom, the cock is turned off, and the whole
is generally left at rest for severai hours, so
as to ' settle.' The cock is then opened, and
the decolourised liquor is allowed to flow into

s s 2
IRIS - LILLIAD - Université Lille 1



628 SUG.!AR.

a tank. More raw liquor is at the same time
admitted at the top ot the char cistern. The
speed of flow is so adjusted that the liquor may
he sufficiently long in contact with the char
to thoroughly utilise its power of removing the
colouring and other organic matters from solu¬
tion. As long as the liquor passing through the
char is colourless it is allowed to flow into the
same tank and is used for making white sugar.
When the liquor begins to assume a yellowish
tinge, it is diverted into another tank, and is used
for producing a lower grade of sugar. It is
usual to proceed in this manner until the liquor
joassing away from the cistern is of a light-
orange colour. The liquor is then turned off at
the top, and hot water is run on to drive out the
solution of sugar, but as the water mixes to
some extent with the liquor a quantity of weak
sugar solution is always made. This is known
as ' char water,' and is employed in dissolving
raw sugar, or it is sometimes, owing to its
turbidity and the impurities it contains, treated
separately from the liquors. It is a fréquent
custom to start a char cistern with good liquor,
and afterwards to follow this up with lower-
quality liquors. The char water, too, is often
run into liquor tanks when above 18°B., or
as long as it remains bright. When this ceases
to be the case, it is run into other tanks until its
density is reduced to 1° or 2°Bé., and when
this point is reached it is no longer worth saving,
and is therefore run down the drain. The
washing of the char with boiling water is con-
tinued for some hours so as to remove, as far
as possible, ail organic and other impurities.
The char is then allowed to drain, and is removed
from the cistern to be dried and reburnt, or, as
it is termed, ' revivified,' in the char kilns.

Revivification of char. The kilns employed
for this purpose may be dividedinto two classes,
viz. revolving kilns and pipe kilns. The first
consist of cast-iron cylinders, revolving in an
inclined position and heated externally by fire,
through which the char is passed continuously,
heing turned over in its passage by lifting shelves,
and discharging at the lower end into an air-
tight chamber. These kilns have of late been
almost entirely replaced by the pipe kilns, of
which various modifications are employed, the
most usual being the one figured in the drawing
e, fig. 12. In this apparatus there are two sets of
oval-shaped cast-iron pipes, each consisting of
three rows placed on either side of a central fire, the
heat of which circulâtes freely among the pipes,
raising them to a température of about 1200°F.
The moist char taken from the char cistern
is fed into the pipes, and by the action of
the heat is first dried and then carbonised.
Below each kiln pipe is a thin sheet-iron cool-
ing pipe, at the bottom of which are two sliding
valves, one above the other, and by shutting the
top valve and opening the bottom one, a portion
of char corresponding to the space between the
valves ean be discharged. The char falls from
the pipes into a storage hopper, from which it is
conveyed as required by a travelling band and
elevator to a hopper placed above the char cis-
terns (v. fig. 12), and thence by means of trucks
travelling on hanging rails, or by convey-
ing bands, to any of the char cisterns which
may require filling. For further particulars re-

lating to animal eharcoal, v. article on Boxb
black.

4. Boiling down. The liquor decolourised,
as mentioned above, by passing through char is
evaporated down in a vacuum pan, in which,
with a good vacuum, it boils at from 120° to
140°F., instead of 220° to 230°F., which it
would reach under ordinary atmospheric pres¬
sure.

The vacuum pans are made of wrought- or
cast-iron, or of copper, the usual shape of
those employed in refineries being shown in
fig. 15. The lower end is provided with a
discharge valve a, and the upper end tapers oif
into a ' neck ' terminating in a safe or 1 save-all,'
B, connected with an injector-condenser, c, and
this is again connected with a vacuum pump».
When it is désirable to économisé the water re¬

quired for condensation, a surface-condenser is
employed. If an injector-condenser is used, it
is generally provided withaTorricellian vacuum
tube to carry away the water, although some¬
times the water is pumped out of the condenser
by means of the vacuum-pump. The pan is
provided with copper steam worms, usually
three and a half to four inchcs in diameter, and
also with the following fittings :—

1. Cocks for the admission of steam r, liquor
a, and air h.

2. Vacuum gauge i, and thermometer J for
indicating the température and degree of
vacuum.

3. Two or more eye-glasses k, through which
the contents of the pan can be observed.

4. A proof-stick l, being a peculiar apparatus
by means of which a small portion of the con¬
tents of the pan may be withdrawn without ad¬
mission of air.

The vacuum pan, as shown in the engraving,
is steam-jacketed, but they are often made
without this addition.

In a refinery, each pan is worked by itself,
and they are not associated together in triple, or
quadruple, effects. When a partial vacuum bas
been produced by the aid of the air-pump, enough
liquor is admitted by the cock to cover the
bottom worm. On turning on the steam, the
liquor soon enters into ebullition, and this
boiling is kept up until a little of the
liquid withdrawn by the ' proof-stick ' shows
that crystallisation has eommenced. Some¬
times this crystallisation is induced by the
introduction of a small quantity of liquor into
the already supersaturated solution. When ouce
crystallisation has eommenced, liquor is gradu-
ally added, care being taken not to dissolve
the crystals already formed, which rapidly in-
crease in size till they form massecuite, which
is then discharged from the pan to a receiving
vessel usually known as a ' heater,' shown im-
mediately below the vacuum pan in fig. 15. If it
be desired to get large grain, when the pan is nearly
full a considérable portion of its contents is
allowed to run out and the valve is then closed.
Fresh liquor is now introduced until the pan is
again nearly full, and, the boiling being con-
tinued, the sugar from this is deposited upon
the surface of the crystals left in the pan. This
opération, known as ' cutting,' is repeated
several times, yielding each time larger and
larger grain. It is generally the practice to
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raise the température of the massecuite 10° to
15°F. before discharging or ' letting-go ' to
render the mass less viscous. Wheu large
crystals are required, crystals are often put in
the pan with the first liquor. If the object be
to produee soft sugars, or ' pièces,' a larger
quantity of liquor or of syrup from a previous
opération is introduced into the pan, to com¬
mence with, and this heing boiled down to the
crystallising point, yields a greater number of
Email crystals, each of which, acting as a centre
of crystallisation, lessens the tirne of boiling,
thereby producing a massecuite of smaller grain.
The larger crystals are boiled at a compara-
tively liigh température, from 100° to

and the pièces at from 120° to 140°F. The
time of boiling, in the former case, is from two
and a-half to three times as long as in the
latter. A pan of crystals will thus take from
eight to ten hours to boil, whiilst a pan of pièces
or loaf-sugar will take from two and a-half to
four hours, the time varying with the heating
surface of the pan, the density of the liquor, &c.

5. Machining. Ccntrifugal machines. Three
of these are shown in the lower part and on the
left-hand side of fig. 15. On leaving the
vacuum pan, the massecuite passes into the
' heaters.' These are either made cylindrical,
or in the shape of a trough, and are generally
litted with stirring gear, being also sometimes

heated with steam jackets, whence the term
' heater ' was derived. Yarious means are em¬

ployé! to convey themassecuite from the heater to
the centrifugal machines. Métal trucks running
on rails are often used, each being large enough
to charge one centrifugal machine. The truek
is run below the heater, and a valve at the
bottom of the latter is then opened until the
truck is full of massecuite. The full truck is
next run over the top of a centrifugal machine,
which has been already set in motion, and is
running at a somewhat low speed. A sliding
valve at the bottom of the truck is now opened,
and its contents fall into the moving machine.
The velocity is then increased, and a little water
is sometimes added (towards the end of the
opération) to assist in washing out the adhering

syrup. The speed at which the centrifugal
machines are worked dépends upon their dia-
meter. The smaller machines, about 3 feet in
diametev, are run to 1,000 or 1,200 révolutions
per minute, whereas with machines of 6 ft. dia-
meter it is not usual to run at more than 500
révolutions per minute. When the sugar is
deemed to be sufliciently dry, the machine is
stopped, and the sugar is removed through open-
ings in the bottom of the machine, which bave
been closed up during the machining, or it is
sometimes taken out from the top. In the
case of some spécial centrifugal machines,
sueh as Weston's and Hepworth's, fig. 16, the
baskets of the machines are suspended from the
side of a horizontal trough-shaped heater, and a
valve is provided opposite eaeh machine, so that
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the contents can be delivered direct into the
machine.

If the massecuite machined is of low quality,
the resulting sugar, on leaving the machine, is
allowed to fall upon a riddle which is kept
moving backwards and forwards, and any syrup
knobs are broken up by hand and mixed with
the rest of the sugar.

The sugar is then conveyed, either in small
waggons or by means of bands, to the fill-house.
Here it is thoroughly mixed, so as to obtain
a uniform article, then put into bags holding
2 ewts. each, and weighed.

The syrup from the centrifugal machines is
again concentrated and yields another crop of
sugar ; or it is mixed with the bag-washings and
the sweet-water from the char, and used for
making a lower quality of raw liquor.

When, by reason of their impurities, syrups
cease to yield any crystallisable sugar, they are
sold as treacle. Sometimes the lowest syrup is
warmed up with dilute sulphuric acid, so as to
invert the sugar it contains ; it is then neutralised

Fig. 16.—HErwoKTii's Centkifugal Machines.

with carbonate of lime and filtered from the
sulphate of lime. It is next passed through
char, and, lastiy, it is boiled down in a vacuum

pan, and put into vessels in which it solidifies
after standing; forming what is known as ' sae-
charum,' which is used in the manufacture of
beer.

The ' in and in ' System. In many of the
Scotch, and also in some English, refineries, no
syrup is turned out, but the syrup resulting from
the last products of one day is returned to forrn
part of the next day's melting. To work this
System with success it is necessary to employ
raw sugars of a good description. The products
of this mode of working are a first, second, and
sometimes a third quality of white sugar in
the form of small crystals, and two or three
lower kinds of what is known as moist sugar or
' pièces.'

The use of this System favours the produc¬
tion of a large turn-out, owing to the rapidity with
which the sugar is refined, the first product
being often ready for sale the day after the raw
sugar has entered the refinery, and the remain-
ing products within two or three days.

Loaf Sugar. Liquor of good quality is
boiled in a vacuum-pan to a fine-grained thick
massecuite, which, after being heated in a steam-
jacketèd heater to about 1S0°F., is run into
conical sheet-iron moulds. The moulds are

plaeed on the floor at the basement of the re¬
finery. They are arranged inrows touching and
supporting each other. Before being filled, the

small hole at the pointed end, or nose, of each
mould is closed by means of a screwed-up rag,
or, better, by a wooden spigot. The moulds
remain in the fill-house from 10 to 12 hours,
during which their contents are stirred up until
the mass becomes thick and there is no danger
of the crystals settling out and so rendering the
loaf of unequal texture. When their contents
are set, the moulds are removed to one of the
upper fioors of the refinery, and the plug closing
the hole in the nose of each mould being re¬
moved, a pointed iron rod is inserted into the
sugar to the depth of 2 or 3 inches to facilitate
the drainage of the syrup. The moulds are next
plaeed in lroles in raeks or stages, and the so-
ealled ' green syrup ' drains away into gutters
plaeed beneath. The stages are generally made
of wood, and the holes are arranged at such a
distance apart that the rims at the top of the
moulds may touch and alïord mutual support.
After remaining on the stages for about 21
hours the green syrup ceases to run, and the soft
surface of the sugar is then removed, and mixed
with a perfectly colourless and nearly saturated
solution of sugar (fine liquor) forming a magma
which is then replaeed in the mould, thus making
a flat, porous surface, through which the fine
liquor, afterwards employed for washing the
sugar, passes in a slow even stream. By this
means the danger of the fine liquor taking a
short passage through the loosest part of the
loaf is avoided. When the surface of the magma
has become dry more fine liquor is run on, and
this opération is repeated several times until the
syrup running away is colourless. When such
is the case, the sugar is allowed to drain until
only a few inches of the pointed end or nose
remains in a moist state; the syrup from this
may be removed by suetion or centrifugal force,
but the usual practice has been to eut the moist
end off. The upper surface of each loaf must
also be removed, the sugar obtained in each of
these opérations being used for making fine liquor.
The loaves are now removed from the moulds by
inverting the latter and striking them on the rim
against a hard block of wood. Each loaf is next
plaeed on its base, in raeks, one above the other,
heated by steam pipes or hot air to about 120°1<'.
Sometimes the loaves are covered with paper
before they are dried in the stove to avoid the
danger of cracking through accidentai currents
of cold air. The time occupied in these various
opérations dépends in a great measure upon the
quality of the raw sugar employed, and the
grain of the fine sugar produced, but it may
generally be said that the process from beginning
to end occupies from 10 to II days, and that the
sugar is for about half this time in the stoves.
Owing to the slowness of this process attention
has been drawn for some years to the import¬
ance of finding some more rapid mode of work¬
ing, and the resuit has been that numerous in¬
ventions liave been brought out and patented
for this purpose. These inventions may be
divided into two classes. Firstly, those producing
moulded sugar from massecuite in the form of
slabs or sticks ; and secondly, those producing
sticks or cubes of sugar, by means of pressure,
from soft white sugar which has been dried and
purified in a centrifugal machine. Underthe first
named category, the most important is Langen's
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process. In this process, the massecuite is run
into small segmentai moulds divided every J in.
or so by means of movable iron plates. The
moulds are plaeed one upon another, with a
perforated plate, the edges of which are covered
\vith cloth, to make a joint, in between, and they
are held down to the top of an iron truek. They
are tken filled, and allowed to remain till the sugar
bas set, when the moulds are taken apart and
plaeed in a spécial centrifugal machine, by which
the green syrup is removed. Then they are taken to
another centrifugal machine, in which the sugar
is wasked by fine liquor, this process being re-
peated, if necessary. These two opérations are

sometimes effeeted in the same machine. The
sugar slabs are afterwards dried in a stove and
eut up into cubes. Duncan and Newlands liave
also devised a plan of producing moulded sugar,
in the form of sticks, which has been somewhat
largely used. The principal processes in use
for making pressed cubes are those of Hersey
and of Pzillas.

The Hersey Patent Cube Machine. By
means of this machine (see fig. 17), cubes are
made in the follotving way: Perfectly white
moist sugar of good quality as it cornes from the
centrifugal machine is fed into the hopper at
the top of the machine, and is then automatically
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Fig. 17.—Hersev Cube Machine.

mixed with a small quantity of liquor, just
sufficient to cause the grains to bind together.
At the bottom of this hopper is a hollow re-
volving drum, in the periphery of which are
rows of moulds, each of the size of the cube it
is intended to make. These moulds are open
at the top, but are closed at the bottom by
movable plungers connected together by iron
bars plaeed parallel with the axis of the drum.
These bars are caused to advance or retreat by
means of a cam arrangement. The sugar falls
from the hopper into the row of moulds which
happens to be under it, and in which the plungers
are withdrawn by the action of the cams to tlieir
fullest extent ; the drum then moves, eausing
another row of empty moulds to receive tlieir

charge. The full moulds pass behind an iron
press plate, extending about lialf way round the
drum, which closes up the top openings, and
againstthis plate the sugar is graduallysqueezed,
by means of the plungers, until the filled moulds
reacli the bottom of the press plate, when the
cubes are pushed out in rows on to small tin
plates, which are carried on a band moving in
unison with the drum. The pilâtes containing
the comparatively soft moist cubes are then
plaeed in a stove heated by steam pipes, and
the sugar on drying becomes hard enough to
pack into barrels. The greater portion of the
hard sugar consumed in the United States is
made by this process. One such machine will
convert 250 tons of soft sugar into cubes, weekly,
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with a very small amount of manual assistance.
The Pzillas Cube Machine, which is largely
used on the Continent, was invented priorto the
last-described machine, and resembles it in many
respects. The sugar, however, is turned oui in
the form of sticks, and requires to be eut into
cubes by means of a cutting-machine. This
latter consists of a table on which the sticks,

after being arranged side by side, are moved by
an endless band, passing on their journey be-
tween knives having a reciprocating movement,
causing them to eut the sugar into cubes or
tablets. Other machines have been devised for
pressing sugar, but as they have not come into
général use, it is only necessary to say that most
of them consist of tables on which are placed

metallic plates perforated with square holes
which are filled with soft sugar, and are then
automatically moved under a plunger, thebottom
of which is made with cube-shaped projections
which fit into the holes in the plate and press
the sugar. The plate is then moved on again
over a portion of the table which is perforated
in a similar way, and the cubes are pushed

through the holes, by means of plungers, on to a
travelling band.

Granulated sugar. An important process
for drying or granulating sugar, known as the
' Hersey Process,' is now in opération in almost
every refinery in the United States and Canada,
and has also been adopted in many refineries in
Europe and elsewhere. The machine employed

Fig. 18.—Heksey UbanoIiAtob.

Fig. 19.—Hebset Giianulatoiî (Section).

for this purpose is illustrated in fig. 18, which
shows an élévation in perspective, a longitudinal
section through the centre of the machine, and
a transverse section on line a b, seen in the
longitudinal section.

The heating-cylinder c—which is fastened
inside of the conveyor-cylinder i>, and revolves
with it—is filled with steam through the pipe e
in one end ; and the water of condensation is
delivered from the opposite end, through the
pipe shown at f, so that the heating-cylinder is
always full of steam.

The sugar is fed at one end through a spout
g, by a set of rolls placed above the machine,
or by a screw-feed ; and by the lifting-shelves
n h h h, on the inside of the outer cylinder, it is
carried up and dropped in a continuous shower
upon the heating-cylinder, and rolls off by the
rotation of the machine, to be again carried up,
working forward to the opposite end by the in¬
clination of the apparatus, and is there delivered
into a screen for separating into the différent
grades. The heater-cylinder is placed eentrally
within the conveyor-cylinder, and is adjusted
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and secured by means of the adjusting screws
1111. ïhe conveyor-cylinder is made ol iron ;
the heater is constructed of steel plate. The
conveyor-cylinder is 23 feet long and G feet
in diameter, with the heater-cylinder 20 feet
long and 3 feet in diameter, and makes six
révolutions per minute. The striker, K, is
for tlie purpose of removing any sugar that
may adhéré to the eylinder on first entering
the machine, and is worked by the cams l l.
The machine is made to rotate by means of
the gear M, upon the outside of the conveyor-
cylinder, driven by a pinion on the shaft N.

The current of air constantly passing through
the machine carries off the moisture from the
sugar through the pipe o.

One important feature of the machine is
that the sugar being delivered from the end into
whick the cold air is passing is cool, so that it
does not cake, and can be immediately barrelled,
and will not cause the barrels to shrink.

The sugar being granulated or dried, not so
muck from extreme heat but by the moisture
being constantly carried from the machine, is
brought out elear and white.

Stcffcris process. This process has for its
object the direct préparation of nearly pure
sugar, fit for consumption, from raw sugar with-
outmaking use of the ordinary refining opéra¬
tions. The method employed by Steffen is very
similar to that given long ago by Ritter in his
English Patent, No. 9584, 1843.

In carrying out Steffen's process, the raw
sugar is first intimately mixed with a quantity
of low-grade syrup from a previous opération,
which is then replaced by syrups of higher
quality in graduated succession, finishing with a
solution of pure sugar. The syrups from each
washing are collected and kept separate for
washing a succeeding batch of sugar of a lower
grade of purity, and so on.

The sugar is plaeed in a battery of cells, or
tanks with perforated false bottoms, which are
fitted up so that the syrup can be pumped suc-
cessively from one tank to the next in succession,
the contents of which are of a lower quality.
By this method of purification there is little or
no loss, the yield of sugar nearly corresponding
with the amount indicated by analysis.

This process is being extensively used in
Germany, and also by Messrs. Say & Co. in
France.

Analysis of raw snqars. The four principal
substances to be determined are : lst, sugar ;
2nd, glucose ; 3rd, ash, or minerai matter ; and
4th, water.

The sugar is determined by means of a
polariscope, and the most convenient form of
instrument to employ is known as the Soleil-
Ventzke-Scheibler saccharimeter, made by
Schmidt and Haensch, of Berlin.

The process of determining the sugar is
carried out as follows : Weigh 26-048 grams of
sugar and transfer it by means of a funnel and
a little water, preferably hot water, to a 100 c.c.
fiask. Add sutlicient water to dissolve ail the
sugar, and then cool, if hot water has been used.
Add 1 or more c.c. of solution of basic plumbic
acetate to precipitate the colouring matters and
other impurities. The amount of solution of
basic plumbic acetate varies with the quality of

the sugar, the darker the sugar the more re-
quired, but the right quantity to be added can
be easily judged after a little practice. An excess
should be avoided, as, on subséquent filtration,
the oxide of lead remaining in solution will be
precipitated by the carbonic acid in the air, and
the solution will be thereby rendered turbid.
The addition of a little well-washed aluminic hy¬
drate tends to facilitate the filtration. When
cold, the contents of the fiask are made up with
water to 100 c.c. If there should be any froth
on the surface, a drop or two of alcohol should
be added just before making up to bulk. The
contents of the fiask are now to be well shaken,
and filtered through a dry filter into a beaker.
The first portion passing through must be re-
turned to the filter. Next, take the 200 mm.
tube of the polariscope, which must be perfectly
clean and dry, remove the screw cap and glass
plate from one end, and fill it with the sugar
solution. Replace the glass plate and screw cap,
taking care not to screw it down too tightly,
which might strain the glass plate and affect
the subséquent resuit. On looking through the
eye-pieee of the polariscope at a lighted lamp, a
eireular dise will be observed, divided vertically
into two equal parts which, when the scale of
the instrument stands at zéro, have exactly the
same tint. On introducing a tube eontaining a
solution of sugar, or any other optieally active
substance, this equality of tint no longer exists,
but by turning a milled head plaeed below the
front part of the instrument it may be again
perfectly restored. The percentage of sugar is
then read olï on the scale by means of the
vernier to tenths of a per cent.

Détermination of glucose. The glucose is
determined by Fehling's solution, which is best
prepared as follows : 34-639 grms. of crystallised
copper sulphate, which has been powdered and
dried by pressing between filter paper, is dis-
solved in 200 c.c. of water. In a separate vessel
dissolve up 173 grms. of pure crystallised
Rochelle sait in 480 c.c. of pure solution of
sodic hydrate, having a sp.gr. of 1*14. Add the
first solution to the second, and make up to
1000 c.c. Preserve the solution in a dark-blue
well-stoppered bottle.

In order to standardise this solution, dissolve
2-375 grms. of pure cane sugar in water, and add
a few drops of sulphuric acid, then heat to 60°C
for a few minutes. Allow to cool, neutralise
with sodium carbonate, and make up to 500 c.c.
10 c.c. of this solution contains 0-05 grm. of in-
vert-sugar, and should completely reduce 10 c.c.
of the copper test.

The quantity of sugar to be used in the de.
termination of glucose may vary from 1 to 20
grms. in 100 c.c. It is best to make a rough
trial with a comparatively strong solution, and
afterwards a more careful test with a dilute
solution. The best results are obtained when
not less than 10 or more than 50 c.c. of the
sugar solution are required to decolourise 10 c.c.
of the copper test.

The solution of sugar used should be as
eolourless as possible, and then the exact point
is not diffieult to hit. 10 c.c. of the copper test
are measured into a 4 or 5 oz. fiask, and made
to boil, and then 3 or 4 c.c. of the sugar solution
are run in and the boiling repeated. If any blue
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colour remains, the sugar solution must be again
added, a few o.o. at a time, boiling after eaeli
addition, until at last the blue colour entirely
disappears. Then read off the number of c.c.
used, and refer to a table which gives the per-
centage of glucose, or ca'culate it from the
weight of sugar taken. Tkus, if 50 c.c. of a 1
p.c. solution of sugar were required to decolourise
10 c.c. copper test, it would imply that 0-5 grm.
sugar contained -05 glucose, or there would be
10 p.c. of glucose in the sugar.

If there should be any doubt as to the exact
point at which ail the copper in the copper-test
is precipitated, it may be removed by allow-
ing the red deposit to settle, and then taking a
little of the supernatant liquor by means of a
small pipette, and testing this for copper by first
making it slightly acid with aeetic acid, and
then adding a few drops of solution of potassium
ferrocyanide, by which a brown precipitate of
copper ferrocyanide will be produced, or at least
a brown colouration if the amount of copper
should be very minute. After the copper bas
been entirely precipitated a small addition of
the sugar solution, followed by boiling, will give
a yellowish-brown colour, owing to the soda in
the copper test acting upon the glucose in the
raw sugar. Beetroot sugars contain very little,
if any, glucose, and consequently in testing them
it is necessary to take a large quantity, say 20
or 25 grms. in 100 c.c., and to use a very small
quantity of the copper test.

Détermination of ash. From 2 to 5 grms.
are weighed in a platinum dish, and then mois-
tened with strong sulphuric acid, the mixture
being stirred with a platinumwire. If the sugar
be damp to start with, the action of the sulphuric
acid is very rapid ; if the sugar be quite dry, it
should be wetted slightly, or gently heated for a
few moments with the sulphuric acid, so as to
start the reaction. When this action is over,
the dish is heated either over a Bunsen burner
or placed in a mufîie at a lowredheat. As soon
as the Carbon is thoroughly consumed, the dish
is re-weighed. One-tenth of its weight is de-
ducted from the ash to compensate for the in-
creased weight produced by the substitution of
sulphuric acid for carbonic acid, <fcc.

Soluble ash. Should there be any insoluble
minerai matter présent in the raw sugar, it is
necessary to détermine the amount of soluble
ash, as this alone is instrumental in impeding
the crystallisation of the sugar. To do this,
dissolve 10 grms. in water and make up to 100
c.c. Well mix and filter through a dry filter.
Take 20 c.c. of the filtrate, equal to 2 grms. of
the raw sugar, evaporate to a pasty condition ;
then cool, add sulphuric acid, incinerate, and
weigh.

Détermination of moisture. Five grms.
should be weighed in a porcelain dish and heated
to 100°C. till the weight is constant. In working
with a very low pasty sugar or with molasses,
two or three times its weight of dry sand should
be well mixed with the sugar taken, and stirred
up at intervais. It is also usual to add a little
alcohol to the mixture, and stir it well in with
the sand and sugar. The heat applied must be
very moderate at first, but when the alcohol lias
evaporated it may be raised to 220°F., with
occasional stirring during a few hours.

Statement of results. This is usually given
under the following heads : sugar, glucose, ash,
moisture. The différence to make up 100 is
put down as undetermined orgauic matters,
&c.

It is generally considered that glucose pre-
vents its own weight of sugar from crystallising,
and that the soluble ash prevents five times its
own weight of sugar from crystallising, and so,
to obtain the yield of sugar—or rendement, as
the French call it—from a given sample it is
necessary to deduct from the percentage of
sugar as given by polarisation the amount of
glucose and five times the weight of the soluble
ash.

Thus a sample of cane jagghery had the
following composition :—

Sugar 77-20
Glucose 9'26
Soluble ash .... 3-43
Insoluble ash (sand, &c.) . 0-24
Moisture 7-36
Undetermined organic matters 2-51

100-00
Bendement .... 50-79

The following table gives the production of
sugar for the year 1890-1891 :—

Beetroot sugar.
Tons

German Empire. 1,331,905
Austria-Hungary 778,473
France .... 094,037
Bussia and Poland 544,162
Belgium .... 205,023
Holland and other countries 141,307

3,695,507

Cane sugar.
Cuba .... . 730,000
Porto Rico . 40,000
Trinidad 45,000
Barba dos 45,000
Jamaiea 25,000
Antigua and St. Kitts . 30,000
Martinique . 32,000
Guadeloupe. 50,000
Demerara . 110,000
Reunion 39,000
Mauritius . . 130,000
Java .... . 414,000
British India 00,000
Brazils . 175,000
Manila, Cebu and Ilo-ilo . 160,000
Louisiana . . 220,000
Peru .... 24,000
Egypt .... 40,000
Sandwich Islands . 115,000

Total of cane . . 2,490,000
„ beet . 3,095,000

6,191,000

The following analyses will serve to give
an idea of the principal varieties of raw
sugar :—
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Eaw sugars Sugar Glucose Ash Moisture
Unknown

organic matters

China .... 711-46 8-62 2-39 4-98 4-55
Dominica 92-80 2-74 1-11 2-38 0-97
Havana .... 94-00 2-23 0-30 2-06 1-41
Jamaica .... 91-00 4-17 1-08 3-04 0-71
Manila .... 82-40 6-94 1-72 4-96 3-98
Peru .... 94-30 1-99 0-72 2-00 0-99
Porto Rico 91-30 3-60 0-86 3-34 0-90
St. Kitts .... 89-70 3-91 1-35 4-40 0-84
St. Lucia.... 89-00 4-48 1-02 2-88 2-02
St. Vincent 90-50 4-00 1-04 3-62 0-84
Surinam . . . 83-00 6-94 1-94 5-56 2-56
Trinidad .... 83-60 4-31 1-53 3-98 1-58

The writers desire to express their acknow-
ledgments to Messrs. Manlove, Alliott, Pryer &
Co., of Nottingham and Rouen, for tlie drawirigs
which they have kindly furnished for this
article. N. Bnos.

Saccharimetry. 1. Polarisation of light. If
an ordinary ray of light emitted from any source
whatever be exarained, it will be found to exhibit
the selfsame properties on ail sides—that is to
say, it is capable of being reflected or refracted
in any position whatever. If, however, this ray
of light be subjected to such conditions as will
restrict its vibrations to sorae one particular
direction, such a ray is said to be polarised.
This may be accomplished by one of the fol-
lowing ways :

1. By reflection.
2. By ordinary refraction.
3. By double refraction.
It is with the last method that this article

is most immediately coneerned.
2. Plane polarisation. It is well known that

certain crystals have the property, when a
ray of light passes through thern, of splitting
up that ray into two others of equal inten-
sity. Such a phenomenon is known as double
refraction, and such crystals are said to be
doubly refracting. In every such crystal there
is at least one direction in which no such
splitting up of the ray takes place, and this
direction is called the optic axis of the crystal.
Iceland spar exhibits this phenomenon in a
notable rnanner. In a crystal of Iceland spar
the line joining the points where the three
obtuse angles meet is the principal or optic
axis, and any ray of light transmitted through
the crystal in a direction parallel to this axis is
not divided. If, however, the crystal be tilted
out of this position, the emergent ray is found
to be separated into two. The angular divergence
of the two rays dépends upon the angle through
which the crystal has been turned. When this
angle amounts to a right angle the séparation
is at its greatest ; and if the crystal be still
further turned, the two rays begin to come
together again, until, when it has turned through
another right angle, they coïncide. On exami-
nation it will be found that both of these rays
are completely polarised, the plane of polari¬
sation of one being parallel to the principal sec¬
tion of the crystal—that is to say, to a plane
passing through the optic axis and the direction

in -which the ray traverses the crystal—the other
in a plane at right angles to that section. The
first of these rays follows the ordinary law of
refraction, and is called the ordinary ray ; but
the other ray, which is polarised at right angles
to the principal section, follows différent laws of
refraction, and is termed the extraordinary ray.
For polarimetric purposes it is best to give exit
to only one of these polarised rays—that, namely,
which is parallel with the incident ray—and to
throw the other completely out of the field of
view. This can be done in various ways, but
best by means of what is known as a Nicol's
prism. For this purpose a rhombohedron of
Iceland spar, double its natural length (fig. 20),

\<L

Fig. 20.

of which a, b, c, d (fig. 21) represents a section,
is taken, and the terminal faces a b and c dy
which natural ly make an angle of 71° with the
sides ad and bc, as at ac, are eut obliquely, so
as to give the new faces an inclination of 68° to
these edges. The whole block is then divided
into two by a eut in the direction b d, and at
right angles to the new face a b'. The faces of
this eut are then carefullypolished, and cemented
together1 again in their original position with
Canada balsam. Such an arrangement is called
a Nicol's prism, as shown in fig. 22.

If now a ray of light, Im (fig. 23), parallel to
the edges of the longer side, fall on the face a b,
it is split up into two rays, both of which are
polarised, but at right angles to each other.
The less refracted or extraordinary ray rap g
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instead of being parallel, is at l'ight angles to
that of the polariser, as is seen in fig. 25, then
the ray, after passing through p, when it enfers
a will take the direction of the ordinary ray, as
represented by m o r (fig. 23), and is eliminated
by the film of balsam. No light leaves the

analyser, and hence the field of vision appeavs
dark. The same thing happens at a distance
of 180°. At ail intermediate positions between
these two—that is, when the two Niçois are
neither parallel nor at right angles to each
other—polarised light, as it enters the analyser,

636 SUGAR.

The other ray emerges in the direction of the
incident one, but possesses only half its luminous
power.

The plane of polarisation of this ray (or the
plane in which it vibrâtes) is at right angles
to the principal section, and therefore passes
through the longer diagonals of the end faces of
the prism.

In order to study the behaviour of a polarised
ray it is neeessary to make use of a second
Nicol's prism so placed that its principal axis
is in a line with that of the first. Two such
prisms, when thus used together, are respectively
called the ' polariser ' and the ' analyser.'

In figs. 24 and 25 such a combination is shown.
In the first case both prisms are arranged so
that the plane of polarisation a'a'n of the
analyser a is parallel with the plane of polari¬
sation aam of the polariser p, and also the
principal section b b m and b' b' n of the two
prisms are brought into the same direction.
The ray m, which enters p as ordinary light
and emerges polarised at m', is not decomposed
on passing through a ; it is merely refracted in
the direction of an extraordinary ray mpq
(fig. 23), and emerges so at the opposite end of
the analyser.

The same happens if the latter be turned
through an angle of 180°, so as to bring the
planes again parallel. If, now, the analyser a
be turned round so that its plane of polarisation,

traverses the film of balsam at p, and emerges
in the direction q s parallel to l m. The tnore
refracted or ordinary ray, m o, meets the balsam

Fig. 22. Fig. 23.

at o, which, from its being a médium of so much
feebler refractive power, causes total rcflcction
of the ray in the direction o r, whereby it
becomes absorbed by the case of the prism.

Fig.

is separated into an ordinary and an extraordi¬
nary ray, varying in intensity with the angle
at which the planes of polarisation of the two
prisms are inclined to each other, and the field
of vision becomes more or less illuminated.

25.

3. Circular polarisation. When a ray of
light passes through a plate of quartz which
has been eut at right angles to the axis of
the crystal, it is also split into two rays, just
as in the case of the Iceland spar ; but the
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vibrations in eaeh ray, instead o£ being recti-
linear and at right angles to one another, as¬
sume a circulai' course, proeeeding in directions
opposed to each otlier ; so that' if the motion of
one ray takes the direction of the hands of a
v.'fttch, that of the other will be in the opposite
direction ; and it is évident that the curve traced
out by any sériés of' partioles at any given time
will, under these circumstances, take the form
of a corkscrerv or a hélix, and such may be a
l'ight-lianded or left-handed hélix according to
the rotatory movement of the partieles to the
right or to the left. Now, as may readily be
supposed, the velocities of the vibrations in both
rays will not be equal, but will be greater or less
in one than in the other ; hence the différence
in velocities will détermine the sweep of the
hélix or the circulai' direction to left or right of
the polarised ray. Such a ray is therefore said to
be circularly polarised, and is known as right-
kanded or left-handed, according to the direction
of the motion of its vibrations. Those crystals
of quartz which cause the plane of polarisation
to rotate to the right or left as the case may be
are termed right-handed and left-handed quartz
respectively.

If, therefore, whilst the two Nicol prisms are
crossed as in fig. 25, so that no light is transmitted
by the analyser, a plate of quartz be interposed,
a red light makes its appearanee on the screen ;
so that to render the field again dark it is neces-
sary to turn the analyser through a certain angle
either to the right or to the left. Whence it fol-
lows that the ray which has traversed the quartz
must have had its plane of vibration defiected
through an angle equal to that through which
the analyser has been turned. The angle
through which the analyser has to be turned
to bring a récurrence of darkness in the field
of vision, and which can be read oiï on the
graduated rim of the dise, is ealled the angle of
rotation, and is the measure of the deflection
experienced by the plane of polarisation.

Precisely similar effects are produced with
yellow, green, violet, or any other kind of homo-
geneous light ; but the angle of rotation varies
according to the nature of the ray, being least
for red and greatest for violet light, as shown in
the following table :

Table I.—Rotation produced by quarts plates
for différent rays.

— Plate, 1 mm. Plate, 3*75 mm.

Bed 19-0° 71-2°
Orange . 21-5° 80-6°
lellow . 24-0° 90'0°
Green . 29-0° 108-7°
Blue 31-0° 116-2°
Indigo . 35-5° 133-1°
Violet . 42-8° 161'0°

If a plate of quartz be used of such a thick-
ness that it rotâtes any particular tint just 90°,
that tint will be eut off by the crossed analyser,
and ail others will, in greater or less proportion,
be transmitted, so that the resulting tint will be
complementary to that eut off. For instance, a
plate just so thick as to twist the yellow waves
round 90° must be 3-75 mm. thick. When such

a quartz plate is placed between the crossed
Niçois the light shown is yellow ; but if placed
between parallel Niçois it shows a rich purplish-
violet colour, the complementary of the yellow.
This particular tint Biot found to be exceed-
ingly sensitive, the smallest inaceuracy in the
adjustment of the prisms at once producing a
change, the colour appearing either toô red or
too blue according to the direction in which the
analyser has been turned out of exact adjust¬
ment. This tint is accordingly known as the
transition tint, its accurate définition being due
to the fact that the human eye is more sensitive
to the presence or absence of the complementary
yellow thaD to any other tint in the whole spec-
trum.

Biot therefore proposed that, instead of trying
to get a restoration of darkness, one should
begin with apurple tint and work for the restora¬
tion of that tint. And in measuring the rotation
produced by various substances, this is often
taken as the standard instead of the darkened
dise used with monochromatic light. It is
therefore évident that the rotative power of sub¬
stances can be measured in two ways—either
by means of moncchromatic light, taking as
zéro a field of either maximum or minimum
illumination, or by means of ordinary light with
aid of quartz plate interposed, using the transi¬
tion tint for zéro.

This rotation or twisting of the polarised ray
is termed circular polarisation, and substances
which, like quartz, exhibit this property are said
to be circularly polarising, or optically active sub¬
stances, whilst bodies which do not possess this
property are said to be inactive.

Circularly polarising substances may, accord¬
ing to Landolt, be divided into two classes :

I. Bodies which in a crystalline state only
possess the property of rotating the plane of
polarisation and which lose this property entirely
when brought (either by solution or fusion) into an
amorphous condition. To this class belong such
bodies as cinnabar, quartz, sodium chlorate,
sodium bromate, and sodium sulphantimoniate.

II. Bodies which display rotatory power when
dissolved in a suitable médium, and are conse-

quently in the amorphous state. Substances of
this class are, without exception, carbon com-
pounds, and may be either right ( + ) rotating or
left ( — ) rotating. To this class of compounds
belong most of the carbohydrates and derivatives
therefrom, vegetable acids, terpenes, ethereal
oils, resins, gums, camphors, alkaloids, albu-
mins, &c.

The fact that substances in class I. exhibit
rotatory power only in the crystalline state. and
lose it directly they are brought into solution, is
proof that the rotation is entirely dépendent upon
crystalline structure, so that in this state the
phenomenon is a purely physical one ; whereas
in the case of those substances belonging to
class II. which exhibit rotatory power in the
liquid state, it has been ascertained from déter¬
minations, made by Biot in 1817 (Mém. de l'Acad.
2, 114), and later by Gernez in 1864, of the
rotatory power of certain of these bodies in the
gaseous state, such as camphor and turpentine
oil, that the optical activity must be a property
résident in each molécule and dépendent upon
its atomic structure, and hence in this case the
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phenomenon is essentially a chemieal one. As
a natural sequence to this a theory was proposée!
by Le Bel in 1874 (Bl. [2] 22, 337), and by Van't
Hoff in 1875 (Bl. [2] 23, 295), which briiigs into
direct connection the rotatory powers and the
constitutional formulée of substances. Le Bel
first suggested tbat when a carbon atom occurs
in combination with four différent radicles a

molécule of asymmetrical shape is constituted,
which, as such, should exhibit rotatory proper-
ties. Van't Hoff, proceeding on an hypotliesis of
liis own respecting the ultimate arrangement of
atoms in space, was led to the same idea.

4. Rotatory dispersion. For a complété dé¬
termination of the rotatory power of a given
substance, it is necessary to take the angles of
rotation for a number of différent rays of known
wave-lengths. This can only be fully accom-
plished with the aid of Fraunhofer's lines—that
is, by the use of the solar spectrum.

In the case of quartz the angles of rotation
(a) for différent lines have been accurately de-
termined by several observers, and are given in
Table II., along with the corresponding wave-
lengths A, expressed in millimétrés, as given by
Landolt in his ' Handbook,' p. 44.

Table II.

Bay A a for 1 mm.

B 0-0006871 15-55°
C 6560 17-22°
D 5888 21-67°
E 5269 27-46°
F 4860 32-69°
G 4309 42-37°
H 3967 50-98°

From the foregoing measurements Boltzmann
has deduced the dispersion formula :

_ 7-07018 0-14983°
10G'A2 1012-A4

For ray D the following values have been ob-
tained by différent observers :

Biot, 20-98° ; Broeh, 21-67° ; Stefan, 21-07°;
Wild, 21-67° ; Von Lang, 21-64°.

The number 21-67 has been generally
adopted for quartz. Extending the investiga¬
tion to other substances, it has been found that
not only do the absolute values of rotation in
any one substance vary for différent rays, but
also in différent substances the values vary by a
différent sériés of proportions—that is to say,
différent bodies have différent powers of rotatory
dispersion ; thus for ray D :

Quartz a, 1 mm. . 21-67
Cane sugar [a], 1 dec. . +66-41
Cholalie aeid [a], 1 dec. . + 33-9
Cholesterin [a], 1 dec. . —31-59
Oil of turpentine a, Idée. . —29-3
Oil of lemon a, 1 dec. . + 48-5

And calculating the ratio of rotation experienced
by ray I) as compared with that by ray B, taking
B as unity :

D

Quartz 1-39
Sugar 1-40
Cholalie acid . . . .1-20
Cholesterin .... 1-53
Oil of turpentine . . . 1-36
Oil of lemon .... 1-43

It will be seen from this table that the ratios
in the case of sugar and quartz agree very
closely ; hence it may be taken that these two
substances have equal powers of rotatory dis¬
persion, while the others have either more or less
than quartz.

Advantage has been taken of this fact in
the construction of certain instruments fot
measuring the rotation of optically active sub¬
stances, but up to the présent this has ouly
been proved to hold good in the case of cane
sugar, so that the examination of other cavbo-
hydrates, as well as of other optically active
substances, cannot be eonsidered as absolutely
correct with instruments of this description.

In the majority of instances the détermina¬
tion of the rotation for several rays would be
exceedingly troublesome and inconvénient, so
that ail déterminations are now referred to one

partieular ray. The one uniformly chosen is ray
D, which lies on the border between orange and
yellow, the light being supplied by a sodium
flame.

The wave-length of this ray as given in
Table II. is 0-0005888 mm., whilst the amountof
rotation produced by a quartz plate 1 mm. in
thickness for this ray is 21-67°. The spécifie
rotation of quartz for ray D is designated by the
symbol [a] n.

Where white light (argand gas lamp) is used
the rotation given is for the so-called transition
tint—that is to say, the colour complementaryto
mean yellow light, the wave-length of which is
about 0-00055 mm. The spécifie rotation ob-
tained for the transition tint is indicated by the
symbol [o]j.

Now, the wave-length of this mean yellow
light is less than that of the ray D which lies
on the border between orange and yellow, and
as, according to Biot, the angle of rotation a
varies inversely as the square of the wave-length
of ray A, the value of aj must be always greater
than that of cq,. Thus with quartz cq> = 21-67
and tq =24-5.

5. Spécifie rotatory power. When différent
active substances, liquids—as for instance, oil
of turpentine—are examined in the polari-
meter, according as these liquids differ in
density varying masses of molécules will be
brought to bear upon the transmitted rays;
therefore, before any exact comparison can be
made, the observed angles of rotation must be
calculated to one common density. If the
density 1 be taken, as recommended by Biot,
the angle of rotation a of the several liquids
must be divided by their spécifie gravity (d). The
angle of rotation given by a length (l) of ,1 deci-
metre of any active liquid corrected to the
standard density 1 is denominated by Biot
the spécifie rotation or spécifie rotatory power
[a] of that substance, and may be found from
the observed data a, Z, and d by the formula

L M-iH"
By taking as unit density that of water at

4°C., density becomes synonymous with weight
in grms. of 1 c.c. of the substance, and the
spécifie rotation of any active substance may
then be defined as the déviation produced by
1 grm. of the substance when occupying a space
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of 1 c.c. and forming a eolumn 1 decimetre in
length for the ray to traverse.

For active solid substances, which when dis-
solved in distilled water exhibit a rotatory power,
he proposed to find a formula as follows :

If P grms. of the substance be dissolved in
E grrns. of water, and d be the density of the
solution, then 1 c.c. (unit volume) will contain

p
. ——. d grms. of substance.
P+E

If a solution of the above composition in a
tube l decimetres long give an angle of rotation
o, then the déviation for a solution containing
1 grm. of active substance in 1 c.c. of solution,
le, the spécifie rotator-y power [o], is found by
the proportion

JLd:ar = l:|>], whenceI l.V.d

Let that is, the amount of active
P

P + E'
substance in the unit weight of solution, =e

-, and if the proportion of activethen [a] =
i .e .d

substance be stated for 100 parts by weight of
solution and this proportion (100 e) be indicated
byp, then

r -, 100 a.[o]=.II.
I .p .d

For the calculation of this formula it is
necessary to know the percentage, weight, and
the density of the solution, but, sincep.d equals
the concentration c—that is, the number of
grms. of active substance in 100 c.c. of the so¬
lution—p and d need not be determined sepa-
rately. The only thing necessary, therefore, is
to weigh out the number of grms. of solid sub¬
stance, dissolve in water in 100 c.c. flask, and
dilute the solution to the mark. The équation
then becomes

III. [«] = ™L°.
o • C

Let the length of the tube in millimétrés = L,
the above équations then become

T r -, 100aL =

hTd'

II. [a]=i°X
Ij.p.d

and III. =
L. c

6. Dependence of spécifie rotatory power on
nature and amount of solvent. When Biot
(llém. de l'Acad. 2, 41) first determined the
spécifie rotation of cane sugar in 1810, he found
that with tubes of equal length the angles of
rotation were in direct proportion to the amount
of sugar in solution, so that, wliatever might
be the degree of concentration, a constant
value was found for [a]. Having obtained the
same resuit with mixtures of oil of turpen-
tine and ether, he was led to conclude that
the rotation of an optieally active substance
when dissolved in an inactive liquid is directly
proportional to the quantity of active substance
in solution. Subsequently, however, Biot, along
with other observers, found that his conclusions
did not hold for other substances, such as, foi-
instance, aqueous solution of tartaric acid, which

showed an inereased rotation in proportion as
its solution became more dilute. During the
last few years much attention has been given to
this subject by various observers (reference to
which will be made later on), and by whom the
later observations of Biot with regard to tartaric
acid and other substances have been fully con-
firmed. Nevertheless, it is still a common belief
that ail optieally active substances behave essen-
tially like cane sugar, and that the optical
examination of a substance is complété when
the déviation caused by any given solution has
been observed and the spécifie rotation calcu-
lated therefrom by the formula [a] =

100 a

l.c
It

will, therefore, be readily seen that the spécifie
rotatory power deduced from observations of one
particular solution of a substance can only hold
good for that particular degree of concentration
of that solution.

The spécifie rotatory power of any active
liquid can, however, be determined directly, and
is constant for any given température ; but
when such a liquid—as, for instance, oil of tur-
pentine—is mixed in différent proportions with
an indiffèrent liquid, as alcohol, and from the
composition, density, and angle of rotation of
the resulting solution the spécifie rotation is
eomputed, the values so obtained will differ
in a greater or less degree from that of the
pure substance. Hence it follows that the
spécifie rotatory power of a substance is in
some way infiuenced by the presence of inactive
molécules, so that its value is altered somewhat,
in the majority of cases, however, suffering an
increase for inereased proportions of the volume
of solvent employed.

If, however, the active substance be a solid,
its rotatory power can only be examined in solu¬
tion, and then différent values for [a] will be
obtained aecording to the eharaeter of the sol¬
vent, none of which is the actual spécifié rota¬
tion of the pure substance but a value modified
by the presence of the inactive liquid, and dif-
fering from the real value by a quantity un-
known. When a pure homogeneous liquid is
employed as solvent, so that only inactive molé¬
cules of one kind are allowed to influence those
of the active substance, the variations in spécifie
rotation are best shown by the graphie method,
the percentages of inactive solvent q being taken
as abscissœ, and the eorresponding values of [a]
as ordinates. The increase or decrease of spéci¬
fie rotation will then, in many cases, appear as
a straight line, increasing, therefore, in direct
proportion to q. Hence it may be expressed by
the formula

[a]=A + Bg,
in which the constants A and B must be ascer-

tained from direct experiment. In other cases
it will appear as a curve, usually a portion of a
parabola or hyperbola, when the relation be-
tween the spécifie rotation and q is represented
by an expression of the form :

Bî[a] = A + Bq + Cq-, or [a] = A + G + q
In these formulas A dénotés the spécifie

rotation of the pure substance. The values B
and O represent the increase or decrease of A
for 1 p.c. of inaetive solvent.
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If 2 = 0, the spécifie rotation is that of the
pure substance.

If g = 100, [a] = œ , henee the active sub¬
stance vanishes and the solution consists of the
inactive solvent alone ; the rotatory power will
then necessarily be nil.

In sucli active liquids as are miscible in ail
proportions with some other indiffèrent liquid
the variations in the spécifie rotation up to
extreme degrees of dilution ean be detennined
by direct experiment, and the complété curve
can be drawn from q = 0 to q-100.

When, however, the active substance is a
solid, the true spécifie rotation cannot be de-
termined directly, and only a portion of the curve
can be constructed, larger or smaller according
to the solubility of the substance, but always
commencing at some distance from the oi'igin of
the co-ordinates. Hence the value for [à], cal-
culated from a solution of an active substance,
is never the true spécifie rotation of the sub¬
stance itself in a state of purity.

It is necessary first to ascertain the law of
the variation brought about by the inactive
liquid by examining a number of solutions of
différent strengths, and the true spécifie rota¬
tion may be approximately obtained by calcu-
lating the value of the constant A from the
above formulée.

The spécifié rotatory power of a substance not
only varies with différent degrees of concentra¬
tion, but also varies according to the nature of
the solvent. Thus the spécifie rotatory power of
tartarie acid rapidly diminishes when acetone is
added to the aqueous solution, and an aqueous
solution of tartarie acid which was originally
dextrorotatory may be made lœvorotatory by
the addition of butyl alcohol. In like manner
the rotatory power of asparagine and aspartic
acid can be changed from lœvo- to dextro-
by the addition of acetic acid.

Invert sugar, which beeomes optically in¬
active at about 87°-88°C. in aqueous solution,
loses its opticity in an alcoholic solution at 38°C.
(Landolt, B. 13, 2329 ; Pribram, M. 9, 485).
If dextro- tartarie acid be dissolved in methyl
or ethyl alcohol, or in acetone, it beeomes almost
inactive.

When an active substance is brought in con¬
tact with more than one inactive substance in
solution—as, for instance, when cane sugar is dis¬
solved in a mixture of magnésium chloride and
water, or when certain of the alkaloids are dis¬
solved in a mixture of alcohol and chloroform—
the détermination of the spécifie rotatory power
beeomes somewhat complicated, as eaeh of the
inactive substances exerts its own influence on

the true spécifie rotatory power, which there-
fore alters with every variation in the relative
proportions of each inactive substance.

In the case of cane sugar, Farnsteiner (Ber.
23, 3570) found that solutions of the chlorides of
magnésium, calcium, barium, and strontium tend
to lower the spécifie rotatory power. The greater
the amount of sait présent the more is the
rotation lowered, and, other things being
equal, the lowering is greater the less the mole-
cular weight of the sait—i.e. the dépression
is inversely proportional to the molecular
weight ; this is seen very clearly in the follow-
ing table :—

Table III. Effect of increasing amounts of salts
whilst the proportion of sugar to water re¬
mains constant.

Parts by weight of sait Deusity 17-5°
Sait to 1 part by weight of 4°

sugar and 8*643 parts
by weight of water

Water at 4°C.
= 1,000

0-000 1040-4 66-74

MgCl2
1-670 1168-6 64-31
3-267 1269-3 62-24
3-948 1307-5 61-47
1-719 1177-8 64-50

CaCl2 2-998 1264-3 63-41
3-646 1303-6 63-23
1-40 1167-5 65-40

BaCl2 ■ 2-250 1231-5 64-68
3-794 1356-7 63-74

SrCl2 f 0-954
L 2-622

1127-1
1267-7

66-30
66-08

The spécifie rotatory power of active sub¬
stances in solution is found to vary very much
in some cases with inerease or decrease in tem¬
pérature. This is notably the case with lœvulose
and invert sugar, the spécifie rotatory powers of
these substances decreasing very considerably as
the température of their solutions is raised;
whilst tartarie acid, on the contrary, shows
an inerease of rotation with inerease of tem¬
pérature. Thus, according to Jungtleisch and
Grimbert (C. R. 108, 114), [a]D for lœvulose,
which at 0°C. is 101-22, at 20°C. is only 90"02.

It is, therefore, most important that in ail
observations of the spécifie rotatory powers of
substances in solution a record should be made of

(<x) the degree of concentration ;
(b) sp.gr. at 15-5°C. ;
(c) nature of solvent ;
(cl) température at time of observation.

7. Birotation. Another and rather peeuliar
form of variation of spécifie rotatory power
occurs in the case of certain sugars. This is
commonly known as birotation, and is exhibited
in freshly-prepared solutions of dextrose, lœvu¬
lose, maltose, and lactose. If an aqueous solution
of any one of these sugars be made as quickly as
possible in the cold, and its optical activity
observed from time to time, it will be found to
exhibit a gradually decreasing rotatory power,
which, after a certain length of time, beeomes
constant. The following results of experiments
made by Tollens and Parcus (Ann. 257, ICO)
show this very clearly:

Max. angle observed in
Maltose
Dextrose
Lœvulose
Lactose
Galactose

+ 118-75
+ 105-16
-104-02
+ 82-91
+117-48

min.

6

?
Constant in hrs.
+ 136-8 5
+ 52-5
-92-25
+ 52-53
+ 80-3

6
35
24

6

As will be seen from the above, the decrease
begins immediately after solution, and at ordi-
nary températures stops at the end of about
twenty-four hours. The change is brought about
more rapidly by heat, a few minutes sufficing
at the boiling température.

8. Absolute spécifie rotatory power. As lias
been already mentioned, the value for [n] cal-
culated from a solution of an active substance
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in an inactive liquid can never be regarded
as the true spécifie rotatory power of the sub¬
stance itself in a state of purity. Therefore, in
order to arrive at what is known as the abso-
lute spécifie rotatory power of agiven substance,
solutions of différent strengths must be examined
and tbe results carefully tabulated, from which
the true spécifie rotatory power may be approxi-
mately obtained by calculating the value of the
constant A in tbe formula [a]=A+Bg, or
[a] = A+Bg + Cq".

In order to test the accuracy of this method,
Landolt made a long sériés of investigations on
various substances, for détails of which the
reader is referred to the original papers (A. 189,
241). Liquid substances, such as oil of tur¬
pentine, and nicotine, were chosen, the absolute
spécifie rotatory power of which could be deter¬
mined by direct polarisation of the liquid sub¬
stance itself. A sériés of solutions of différent
strengths were then prepared, from the observed
spécifie rotatory powers of which, the value of
the constant A was determined, and the resuit
compared with tliat obtained by direct observa¬
tion.

In order to render this as clear as possible,
the détails of some of the experiments are here
givên.

Détermination of absolute spécifie rotatory
power of right-handed oil of turpentine, sp.gr.
0-910S3. The value for [a]D determined for
the pure substance was + 14' 147°.

The following mixtures were prepared :—

Number of
mixture

Oil of tur¬
pentine

p

Alcohol
q [«]

I. 73-0927 26-9073 14-496°
II. 47-5124 52-4876 14-788°

III. 22-2443 77-7557 15-095°

Column 4 represents what is known as the
apparent spécifie rotatory powers of solutions of
oil of turpentine in alcohol, or the spécifie rota¬
tory powers for solutions of known concentra¬
tion; but it will be seen that these numbers
differ materially from what is known as the
l«|D

flfxm 1 Tiirpl%8 lu r-*"
soluti >« in Auom l

K 10 20 30 40 50 60 70 60 30 100
Pmimcc or Alcohol

Fig. 2G.

absolute spécifie rotatory power. Representing
these graphieally, fig. 26 shows that the three
points representing the above déterminations
lie almost exactly in a straight line, corre-
sponding to the équation A + Bg. Now, to find A
[o]D = A + Bg, [a]Di = A + Bg„ and [a]Da = A + Bg., ;

[o] — WD
whence [a]D - [a]Di = B (g - sJ and B = —° ^ '
whence from mixtures

Vol. III.-T

I. and II. A = 14-189, B = + 0-011415
II. and III. A = 14-150, B = + 0-012150
I. and III. A = 14-179, B = + 0-011780

mean A = 14-173, B=+0-011782
hence [a]D = 14-173 + 0-011782g. When g = 0
[h]d = 14-173, which agréés very closely with the
value found direct.

Various solutions of other liquid substances
were examined in this manner by Landolt, and
as the resuit of these investigations he deduced
the following :

1. The rate of change in the spécifie rotation
of an active substance, when progressively diluted
with some inactive liquid, is graduai through-
out.

2. The true rotatory power of an active sub¬
stance can be calculated from observations on a

number of its solutions. The greater the degree
of concentration, the greater the possibility of
the calculation being correct.

3. In calculating the true spécifie rotatory
power of a substance, the same value is obtained
whatever inactive liquid may have been used as
solvent.

4. In making eomparisons between solid
bodies in respect to their rotatory powers, only
those values should be used which hold good for
the absolute substances—that is, only the con¬
stants A.

From these results a suitable method for de-
termining the absolute spécifie rotatory powers
of active solid substances can be arrived at.

Solutions of a high degree of concentration
should be employed. That inactive liquid in
which the active substance is most soluble
should be selected ; at least three solutions of
known différent strengths should be prepared,
and their respective rotatory powers observed.
This done, the relations between the values for
[0] and the percentage for solvent g are next re-
presented graphieally. By this means either a
straight line or a eurve is obtained. Where
the three observations lie in a straight line, [a]
being simply proportional to q, the value of the
constant A may be calculated from the équation
[a] = A + Bg.

Should, however, the middle one of the three
points diverge to either side of the straight line
joining the other two, the resuit will be a curve.
In such a case several other sedutions of varying
degrees of concentration will bave to be made, so
as to give a long sériés of observations, in order
that suffieient data may be obtained for the con¬
struction of as full a curve as possible. For ail
practical purposes, the équation [a] = A + Bg + Cg-
will suffice to arrive at the value of the consta nt
A. As an example, Landolt bas applied this
method to the détermination of the absolute
spécifie rotatory power of camphor.

Solutions of this substance in acetic aeid, acetie
ether, monochloracetic ether, benzene, dimethyl
aniline, wood spirit, and alcohol were employed.
AU the solutions showed a decrease of spécifie
rotation as the inactive solvent increased. With
the exception of the two last-named solvents,
the ratio of decrease in each case may be ex-
pressed graphieally by means of a straight line,
and hence for these solutions the formula
[a] = A + Bg may be used. With wood spirit and
alcohol, however, the decrease took the form of

T T
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a eurve, so that the formula [a] = A + B2 + C22
had to be applied.

The values of the constants A, B, and C may
be found as follows :

(1) [a]Di = A + B21 + Cg,2
(2) [a]j>, = A + B2s + Og,»
(3) [«]d, = A + Bq3 + C23a

Subtraeting 2 from 1 and 3 from 2 :

Md. - Md, = B(2, -q2) + C(2,2 - q.?)
MD-. [a]D3 = 13(22 2a) "b H(22" 23") J

whence B = ~~ Md,—Ç|tei—2j_). 01, may
2I-22

be written ? - ~ + g2)(g. ~ g»)
îl 9. l" 9z

-r-MD.-W '-f,(2l4-g_)
2I — 22

Similarly B = ~ te)"' — C(g2 + 23) î whence
22-23

(J _ Md, — [g]p3 MP2 — MD,
tel-22)(21-23) (22-23X21-23)*

In a similar way, and working independently
of each other, Tollens (Ber. 10, 1405) and
Schmitz in 1876 (Ber. 10, 1414) determined
the absolute spécifie rotatory power of cane
sugar. The resuit of their investigations went
to show that cane sugar and a number of other
substances possess a greater rotatory power
when examined in dilute solutions than they
do in strong, but the fact was then overlooked
that as the strength of the solution is decreased
so does the expérimental error make itself more
and more felt, and, as the apparatus then avail-
able was far inferior to that now obtainable, it
was deemed expédient by Tollens in 1885 (Ber.
17, 1751) to repeat the experiments he had
made in 1876 on cane sugar, with ail possible
aceuracy. In the case of cane sugar, eleven
solutions were used, of various degrees of concen¬
tration, containing from 1T062 to 67-4507 p.c. of
pure dry cane sugar, and of which 43 complété
measurements were made, each one being the
mean of twenty readings, as shown in Table IV.
Taule IV. Spécifie rotatory power of cane-

sugar solutions for various degrees of con¬
centration.

Percentage com¬
position

w»
observed

MD
caleulated

1-1062 66-341 66-402
1-6767 66-499 66-410
1-9870 66-276 66-414
2-0435 66-429 66-415
3-0421 66-198 66-428
4-9850 66-450 66-451
6-8427 66-482 66-470
9-0014 66-458 66-489
9-8963 66-454 66-496

34-8717 66-397 66-426
67-4507 65-529 65-587

From these observations, the mean spécifie
rotatory power of cane sugar for [o]D was found
to be 66-4, and, as will be seen, none of the
déterminations differ from this number by more
than the error due to observation.

9. Détermination of spécifie rotatory power.
Polarimeters. It has been already stated that a.
solution of cane sugar possesses the power of
deviating a ray of polarised light to a fixed and
definite degree, and this property has been talea
advantage of in the construction of various instru¬
ments for the purpose of quantitatively estima-
ting the amount of that body in solution. Such
instruments are ealled 1 saccharimeters,' ' polari-
seopes,' or ' polarimeters,' and the process of
estimating cane and other sugars by such in¬
struments is termed ' saccharimetry ' or ' polari-
metry.'

Until within a comparatively recen t period, the
détermination of cane sugar was the only use t»
which the polarimeter was applied. But as the
opt'ieal properties of other bodies carne to le
studied and to be known, a wider field for its use
has been opened up, so that at the présent tinie
the value of the polarimeter as an agent in the
quantitative estimation of optically active sub¬
stances, as a means of control to déterminations
made by other methods, and as an aid to original
investigation, is fully acknowledged.

10. Mitscherliclds polarimeter. The simplcst
of ail forms of polarimeter is that devised by
Mitscherlich. This consists of twoNicol prisma
inclosed in brass tubes, and placed one at

each end of a bar of métal (see fig. 27)
The polariser p is made to turn on its axis as
required, and can be fixed in any desired posi¬
tion by means of a small screw elamp s. The
tube, containing the analyser N, is also capable
of rotating on its axis, and is furnished with a
small arm for that purpose, as well as with a»
index which measures the amount of rotation
upon a fixed graduated eircle of brass, dividei
into degrees and minutes. The observation tube,
containing the saccharine solution, is place!
in the space between the polariser p and the
analyser n. Homogeneous yellow light, such se
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that obtained from a sodium flame, is used with
this instrument, so tbat tke angle a is deter-
mined for ray D.

In using this form of polarimeter, tke sodium
lamp (fig. 28) is placed in front of the polariser

at a distance of about an inch, in
a darkened room. Tke zéro point
must first be determined. For this
purpose the observation tube is filled

ri with distilled water and placed in
tke instrument ; the analyser is then
tumed until tke index points to 0°
on the scale, the small clamp at s is
loosened, and the polariser p slightly
moved backwards or forwards until
the position for greatest darkness is
attained. The appearance then pre-
sented will be a round dise (fig. 29),
%vith a vertical dark band in the
middle getting gradually lighter to-
wards the sides, and this band must
be brought, by means of the polariser,

Fia. 28. exaetly into the middle of the field.
The clamp s is then screwed up

tigbt, and the instrument is set to exact zéro.
On now rotating the analyser towards the
right, this dise becomes gradually lighter and
lighter until 90° is reached. It will then
have attained its maximum degree of illumi¬
nation, and on continuing the rotation the dise
gradually becomes dark again, so that at 180°
the same appearance is presented as at 0°. It
will, therefore, be seen that there are two
positions for maximum darkness, 0° and 180°,
and two positions for greatest illumination,
90° and 270°. If, then, while the instrument

Fig. 29.

is set to 0° so that the period of maxi¬
mum darkness obtains, the tube filled with
a solution of cane sugar be placed in its
proper position between the polariser and the
analyser, the field of vision will appear bright
owing to the déviation of the polarised ray by
the sugar solution, and the analyser must be
moved towards the right until the same appear¬
ance of maximum darkness again obtains.
If now the number of degrees and minutes
be read ofi on the graduated circle, this will be
the amount of déviation caused by the sugar
solution. Mitscherlich's apparatus is very
rarely, if at ail, used now, being replaced by
more aceurate forms of polarimeter. Of these
the principal ones in use at présent are Wild's
polaristrobometer and Laurent's polarimeter, or
polarimètre à pénombre, as it has been termed
by the inventor. These give the rotation for
ray D, whilst the Soleil-Duboscq and Soleil-
Ventkze-Scheibler instruments are used for the
transition tint.

11. Wilcl's polarimeter. This instrument,
which has come more or less into use in some

parts of the. Continent, is a very great improve-
ment on Mitscherlich's form, and dépends upon
the production of what are known as the bands of
Savart. These bands are produced by the intro¬
duction of a prism, known as Savart's prism, con-

sisting of two pièces of quartz eut obliquely
and crossed over one another, between the
polariser and analyser (which in this instrument
has a rotatory movement), whereby a number of
parallel black bands are brought into view in a
dark field, and which vanish in certain positions
of the polariser. The disappearance and re-
appearance, then, of these bands détermine the
amount of déviation. A sodium flame is em-

ploycd as the source of light. For fuller détails
of this instrument, the reader is referred to
Landolt's ' Handbook of the Polariscope,' Eng-
lish éd., p. 107.

12. Laurent's polarimètre à pénombre. Per-
haps the most popular, as well as the most ac¬
eurate, and best of ail polarimeters is some one
form or other of the type known as half-shade
instruments or polarimètres à pénombre, and, of
these, that form devised by Laurent is un-
doubtedly the best. The characteristic feature
of half-shade instruments is that the circulai-
field of vision appears divided into two halves,
which for a certain position of the analyser
appear one half dark and one half light, whilst

-fr-à-'v^v --

O H N

Figs. 30 and 31.

for another position the whole field assumes a
uniformly iliuminated shade—neither dark or
light, without a trace of the vertical line—and
this position, which can readily be determined
with the greatest accuracy, is taken as the zéro
point. When, then, a tube containing sugar solu¬
tion is introduced, the position of equilibrium is
disturbed ; and the hitherto equally iliuminated
field of vision appears one half dark the other
half light. The analyser has, therefore, to be
turned to the right until an equally iliuminated
field again appears. This is the measure of the
rotation produced by the sugar solution.

The principle of construction of the Laurent
polarimeter is shown in figs. 30 and 31.

In this instrument the monochromatic yellow
light from a sodium lamp passes through the
following optical arrangements :—

A tliin plate eut from a crystal of bichro¬
mate of potash, and inclosed between two glass
plates fixed in a movable diaphragm. This
serves to free the yellow ray from intermixture
of green, blue, and violet light. "VVhen, how-
ever, the solution under examination is more or
less coloured, this plate may be dispensed with.
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r, a double cale spar prism fixed in a mov-
able brass tube, to which is alîixed a lever K.
Tliis tube fits rather tightly into an outer tube
carrying a bar or pointer j which passes between
the stops on k, and so limits the amount o£
movernent of the polariser p.

d, a circular diaphragm covered by a plate of
glass, to which is affixed a tliin plate of quartz,
eut parallel to its axis, and just large enough to
cover exaetly one-half of the circular aperture.
The thickness of this quartz plate must be so
regulated that the yellow rays polarised parallel
and perpendicularly to the axis may in their
transmission undergo a retardation of half a
wave-length.

l, the solution tube.
n, the analysing Nicol.
o and h, lenses forming together a small téle¬

scope.
The analyser is fixed in a stout brass tube

carrying the vernier, and is capable of being
rotated by means of a pinion round a gra-
duated dise, which is fixed, and furnished with
bevelled teeth in which the pinion Works. The
Nicol x is also capable of slight movernent in its
case by means of the serew s, so as to alter the
zéro point. The magnifier E furnished with a
mirror m enables the observer to read the divi¬
sions of the scale more easily.

The distinguisliing characteristic of Laurent's
instrument is the half-wave plate of quartz eut
parallel to the axis. This arrangement is shown in
fig. 32, which represents the diaphragm of glass,
the left half of which is seen to be covered with
the plate of quartz, the axis of which js
parallel to the line of division o a, whilst the
l'ight half, which is not so covered, allows the
polarised ray to pass through it. Now let the
polariser be so arranged that the plane of po¬
larisation of the transmitted ray be parallel to
the axis of the plate, that is, to o a. If then the
analyser be turned so as to pass successively

p s"

FIG. 82. FIG. 33. Fig. 34. FIG. 35.

from total extinction to maximum degree of
illumination, the two halves of thefieldof vision
will always appear equally. dark or equally light.
If next the polariser be slightly inclined to o a
at an angle a, so that the plane of polarisa¬
tion of the rays passing through the uncovered
half of the diaphragm may be represented by
o b, it will be found that the plane of polarisa¬
tion of the rays passing through the quartz
plate will take the direction o b!, making an
angle a' in the opposite direction and equal to a.
If now the polariser be fixed in this position,
and the analyser be turned in the direction s r,
so that its principal section s p is perpen-
dicular to o b, total extinction will take place
on the right side, so that this half will appear
dark while only partial extinction takes place
on the left side, and accordingly this will appear
more or less light, as shown in fig. 33. If, on the
other hand, the analyser be turned in the direc-

! tion s' p', just the reverse will occur, as seen in
fig. 34. In the middle position—that is, when
the principal section s p of the analyser is per-
pendieular to o a—there will be only partial ex¬
tinction in the two halves, so that a uniform
shade of equal intensity will be observed in both
(fig. 35). The slightest movernent, however,of the
analyser, either to the right or left, will at once
destroy this equality. The same phenomena
are observed when the analyser is moved through
an angle of 180°. This pesition of uniform
shade is made the zéro q oint of the instrument,
and the smaller the angle a which the plane of
the polariser p makes with the axis of the
quartz plate o a the greater will be i he degree of
shade, and the more sensitive will the instru¬
ment become. This slight movernent of the
polariser is allowed for by means of the lever i;
(fig. 31), whereby the field of vision can be
rendered lighter or darker aceording to the
nature of the solution. So that with this typeof
instrument darker solutions can be observed
than would be possible with those of the transi¬
tion tint.

To set the instrument to zéro, the divided
diaphragm is first brought into focus by means
of the telescopic eyepiece, so that the edge of
the quartz plate appears as a sharply defined
vertical line. The analyser is then turned until
both halves of the field of vision appear equally
dark. The polariser is next fixed in that posi¬
tion whereby the least movernent of the analyser
destroys this equality of shade.

Havingadjusted the polariser and introduced
the observation tube filled with distilled water,
the analyser is moved either to the right or left
until the index of the vernier exaetly coïncides
with zéro on the graduated circle. If, then, an
equally uniform shade is observed ail over the
divided dise, which is destroyed by the slightest
movernent of the analyser, the instrument is
correct ; if not, the screw s must be turned
backwards or forwards until both halves of the
dise are equally illuminated.

13. Transition tint instruments. Instruments
of this class are constructed expressly for de-
termining the percentage of sugar in solutions
of known density, and are known more par-
ticularly as saceharimeters. They difïer essen-
tially in construction from the forms of polari-
meter just described ; the graduated circle
being replaced by a scale divided into 100 equal
parts, or degrees, each division representing one
p.c. of cane sugar. The optical parts also are
différent, and their construction is based upon
the following faets discovered by Biot :

1. That when a polarised ray is transmitted
through several média possessing rotatory power
in différent directions, their separate activities
may become either partially or wholly neu-
tralised, aceording to the lengths of the
média.

2. That the rotatory dispersion of cane sugar
is the same as that of quartz.

The earliest form of these instruments was

that devised by Soleil in 1848. This lias been
much improved upon by Duboscq, and in its
présent form is known as the Soleil-Duboscq
saccharimeter, a général view of which is shown
in fig. 36, whilst the optical parts are seen in
fig. 37. These are as follows
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p, the polariser, consisting of an achroma-
tised Calc-spar prism, arranged with its prin¬
cipal section vertical.

b, a plate of quartz, called tlie plate of
double rotation or bi-quartz, composed of two
halves of equal thickness eut perpendieularly to
the axis of cristallisation, and fitted accurately
together, so that the line of junction is vertical.
Ihese half-discs, which may be either 3'75 mm.
or 7'5 mm. thiek, have différent rotations, the
one being left-handed and the other right-
handed.

l, the solution tube.
D, the so-ealled rotation compensator.
This consists of a plate of quartz c, usually

right-handed, and two wedge-shaped quartz plates
c e', both having the same left-handed rotation.
These plates are each fixed in a brass frame,

and, by means of a rack and pinion, are made
to slide over one another, se that their com-
bined thickness may be made either equal to,
greater, or less than that of c. The distance
moved to effect any particular adjustment is
shown by a graduated scale attaehed to the brass
frame.

n, the analyser, which may consist of an
achromatised calc-spar prism ; its principal sec¬
tion must be arranged parallel to that of the
polariser p, when the thickness oi the bi-quartz
i! is 3-75 mm. and perpendieular thereto when
the thickness is 7'5 mm.

Soleil introduced an extra Nicol prism, shown
ati, and a plate of quartz, </, ground perpen¬
dieular to the axis, fixed in a movable case, and
ivhich may be turned at will through an angle
of 180°. This arrangement is called the regu-
lator, and is used for the purpose of eounteract-
ing, to a certain extent, the influence of the
colouration in the liquids subjected to examina-
tion, and to restore the sensitive tint which
xvould otherwisè be destroyed when using such
coloured liquids.

h h is a small Galilean telescope.
In order to understand the action of the

sèveral parts, let the instrument be so arranged
that light passes only through the polariser and
analyser. These are arranged with their prin¬
cipal sections parallel so that the field is at its
maximum of illumination.

Let the active bi-quartz B be interposed be-
tween r and n ; the white light coming from p
will be rotated and decomposed into its eom-
ponent coloured rays. Of these emergent rays
those whose plane of polarisation is at right
angles to that of the analyser will not be trans-
rnitted, and should these be the yellow rays, the
remainder will in transmission combine to a pale
lilac tint, which, with the slightest altération of
the plane of polarisation, passes into pure red
or pure blue. This intermediate colonr is the
transition tint.

If now the combination d, knoxvn as the
rotation compensator, be put in its place, the
quartz wedges e e' being so adjusted that their
combined thickness is exactly equal to that of
the plate c, as the rotatory powers of c and e e'
act in exactly opposite directions they neutralise

each other and the sensitive tint still
prevails. This position of the wedges
corresponds with the zéro point of the

3 scale. II now a tube containlng a solu-
i tion, say, of cane sugar, be interposed,

the uniformity of colour between the two
> lralf dises is immediately destroyed, ap-
i pearing differently coloured, green and
j blue predominating in one, red and orange
j in the other ; by sliding the quartz wedges
i so a3 to produce rotation opposite to that
\ of the solution, a position may be found
i where the action of the latter is neutral-

ised, and this will be indicated when the
i halves of the field of vision again exhibit

uniformly the sensitive tint.
-[SJ-- This action of the compensator shows

not only whether the solution of the sub¬
stance examined is right- or left-rotating,
but also the degree as measured by the
thickness of quartz necessaryto neutralise
the déviation of the body examined. The

latter is measured by means of a graduated scale
fixed to one of the slides, while upon the other
is a small vernier serving as an indicator.

The Soleil-Ventzke-Scheibler saecharimeter,
in the principles of its construction, is identically
the same as the Soleil-Duboscq, but the me-
chanical parts have been greatly improved and
the optical arrangement slightly altered.

These altérations were made in Germany
by Ventzke, who introduced a différent scale,
the xnechanical improvements being made by
Scheibler. The various parts as shown in figs.
38 and 39 are lettered respectively the same
as the Soleil-Duboscq, so that the description
there given will apply equally to the Ventzke,
the principal différence being that in the Soleil-
Duboscq both the quartz plates e e' of the com¬
pensator are movable, whereas in the Yentzke-
Seheibler one of them is fixed and has the scale
attaehed to it, whilst the other is movable and
carries the vernier.

In order to test the correctness of this in¬
strument, it is placed in front of a paraffin or
argand gas lamp in such a position that the
maximum amount of light may pass through.
The 200 mm. tube is filied with distilled water
and placed in the instrument, and the eye-piece
of the telescope moved in and out until the line
dividing the bi-quartz appears well defined ; if,
then, the halves of the dise differ in colour, the
milled head is turned one way or other until the
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colours o£ both lialves appear to be perfecily
identical. The regulator is next turned until
the sensitiye tint is obtained, which, with the
sligbtest movement baokwards or forwards of
the movable quartz wedge, produces a différ¬
ence in colour of the two hall dises. The best
tint to work for is that which most nearly
approaches to white, as the paler the tint is the
more easily is it displaced by the movement of
the quartz wedge. Having fixed upon the sen-
sitive tint, the quartz wedge is next moved
backwards and forwards untii the same tint is

obtained. This ought to be done several times ;
should, then, the zéro on the vernier be found not
to coincide exactly with the zéro on the scale,
the screw must be turned until it does.

Should it, however, be impossible to obtain
a uniform tint on both halves of the field, the
polariser and analyser are not in perfect adjust-
ment. In order to rnake thein so, the movable
and fixed quartz wedges e e', as well as the com¬
pensation plate c, are removed, the cover closed
down, and the analyser turned by means of the
screws until uniformity of tint in both halves is

Figs. 38 and 39.

obtained. The quartz wedges and plate are again
fixed in their places, and the zéro point deter-
mined as before.

The tube is then taken out and replaced by
a tube filled with sugar solution. The uniformity
of tint is immediately destroyed, and the quartz
wedge must be moved until the colour of the
two halves again coincides in tint. If the solu¬
tion be ■ at ail coloured this tint will have a

slightly yellowish tinge. In this case the screw
of the regulator must be turned a little to the
right or left until the same tint be obtained as
before. Several readings are then taken, and the
mean of them recorded. The transition tint
instrument can only be used by persons who
have a sufficiently keen appréciation of colour

to be able aecurately to détermine the transition
tint, and even amongst such persons, with différ¬
ent observers the colour of the sensitive tint will
vary to a slight extent, so that each observer
must détermine for himself the exact zéro point
according to his own idea of sensitiveness of
tint. As has been already stated, if the solu¬
tions be at ail coloured, the extra Nicol has to be
used so as to neutralise to a certain extent the
yellowish tinge imparted to the field of vision.
This, of necessity, has the effeet of cutting off a
certain amount of light, as well as diminishing
the sensitiveness of the instrument somewliat.

It is almost needless to remark that for
colour-blind persons the transition tint instru¬
ments are useless.

-&HD'i±iï
h h N c

Figs. 40 and 41.

14. Schmidt and Uaensch's half-shadow sac-
charimeter. This instrument (figs. 40 and 41) —

which in its général form and appearance is
almost exactly like theVentzke-Scheibler, though
differing somewhat in its optical parts —has within
the last few years corne into very général use as a
saccharimeter. It shows a divided dise of a

uniformly yellowish grey colour when set at
zéro, the halves rapidly changing to dark or
light, like the Laurent, when an optically active
substance is introdueed. On the other hand, it
carries the saccharimetric scale showing per-

centage of sugar like the Ventzke -Scheibler, and
is used with ordinary lamp-light instead of
monochromatie. The various parts of the in-
strument, as shown in fig. 41, are very similar
to those of the Yentzke-Scheibler, the exception
being the arrangement of the so-called compen-
sating System.

For whereas in the transition-tint instru¬
ments a pair of quartz wedges and a compensa¬
tion plate are necessary, the same object is
attained in this instrument by means of two
pairs of quartz wedges, the compensation plate
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c, fig. 37, being replaced by a pair of quartz
wedges cc', fig. 41, of exactly similar proportions
to tbe first pair, but having an opposite rotation.
One of these pairs of weclges is immovably fixed
in tbe instrument, whilst the other is horizon-
tally movable at rigbt angles to the axis. By
such an arrangement the instrument is rendered
estremely sensitive, and it is claimed by the in-
ventors that much closer readings can be ob-
tained than with the Soleil-Ventzke-Scheibler.
The following instructions for using this instru¬
ment bave been issued in the Beport of the
United States Internai Revenue Department as
to standards and methods for the polarimetric
estimation of sugars :

In using the instrument the lamp is placed
at a distance of at least 200 mm. from the end ;
the observer seats himself at the opposite end
in such a manner as to bring his eye in a line
with the optieal axis of the instrument. The
telescope is moved in or out until the proper
focus is seeured, so as to give a clearly-
definel image, when the field of the instru¬
ment will appear as a round, luminous dise,
divided into two halves by a vertical line
passing through the centre, and darker on one
half of the dise than on the other. If the ob¬
server, still looking through the telescope, will
now grasp the milled head and rotate it, first
one way and then the other, he will find that the
appearance of the field changes, and at a certain
point the dark half becomes light, and the light
half dark. By rotating the milled head deli-
cately backwards and forwards over this point
lie will be able to find the exact position of the
quartz wedge operated by it, in which the field is
neutral, or of the same intensity of light on both
lialves.

The tliree différent appearances presented
by the field are best shown in fig. 42.

Fig. 42.

With the milled head set at the point which
gives the appearance of the middle dise as shown
above, the eye of the observer is raised to the
reacling tube, and the position of the seale is
noted. The scale proper is attacbed to the
quartz wedge, which is moved by the milled head,
whilst attached to the other quartz wedge is
the vernier, which is fixed, and which serves for
the exact détermination of the movable scale
with reference to it. On each side of the zéro

line of the vernier a space corresponding to nine
divisions of the movable scale is divided into
ten equal parts. By this means the fractional
part of a degree indicated by the position of the
zéro line is ascertained in tenths ; it is only
necessary to count from zéro until a line is
found which makes a continuous line with one

on the movable scale.
With the neutral field as indicated above,

the zéro of the movable seale should correspond
closely with the zéro of the vernier, unless the
zéro point is ont of adjustment.

If the observer desires to secure an exact
adjustment of the zéro of tbe scale, or in any
case if the latter deviates more than one half of

a degree, the zéro Unes are made to coineide by
moving the milled head and securing a neutral
field at this point by means of a small key which
fits into a nipple on the left hand side of the
fixed quartz wedge of the compensating system.
The nippole is turned one way or the other until
the field is neutral. Unless the déviation of the
zéro be greaterthan 0-5°, it will not be necessary
to use the key, but only to note the amountof the
déviation, and for this purpose the observer must
not be content with a single setting, but mnst
perform the opération five or six times and take
the mean of these différent readings. If one or
more of the readings shows a déviation of more
than 0'3° from the général average, they should
be rejected as incorrect. Between each observa¬
tion the eye should he allowed ten to twenty
seconds of rest.

The setting of the zéro having been per-
formed as above, the détermination of the accu-
rate adjustment of the instrument by means of
the control quartz plates is proceeded with.
Three such plates are furnished with each in¬
strument, which have sugar values respectively
approximating 80°, 90°, and 100°.' These values
may vary with the température, and tables are
furnished with them which give their exact
values at différent températures from 10° to
35°C.

One of these plates is placed in the instru¬
ment, and the field observed ; it will be seen
that the uniform appearance of the field is
changed. The milled head is turned to the right
until the exact point of neutrality is re-esta-
blished, just as described above in setting the
zéro. The scale is read, the observation repeated,
the reading taken again, and so on until five or six
readings have been made. The average is taken,
readings being rejected which show a divergence
of more than 0-3, and the resuit corrected for
the déviation of the zéro point, if any was found,
the déviation being added if it was to the left,
and subtracted if to the right. If the adjust¬
ment of the instrument be correct, the resuit
should be the value of the control plate used, as
ascertained from the table, for the température
of 20°. Each of the three plates is read in the
instrument in this way. A variation of 0'3 from
the established values may be allowsd for errors
of observation, température, &c., but in the
bands of a careful observer a déviation gfeater
tlian this with one of the three plates after a
careful setting of the zéro shows that the in¬
strument is not accurately adjusted.

The complété vérification of the accurate
adjustment of the polariscope by means of three
control plates, as given above, should he em-
ployed whenever it is set up for the first time by
the person using it, whenever it has sustained
any serious shock or injury, and whenever it has
been transported from one place to another. It
should also be done at least once a week while
the instrument is in active use.

After the complété vérification has been per-
formed as described, further ehecking of the in¬
strument is done by means of one control plate
alone, the one approximating 90°, and the setting,
of the zéro point is dispensed with, the indica¬
tion of the scale for sugar solutions being cor-,

1 It would be more correct to speak of the readings on.
: the saccharimetric scale as divisions, see § 15.
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rected by the amount of déviation shown in the
reading of the 90° control plate from its esta-
blished value as aseertained from the table, at
the température of the room.

For examp'e: A sugar solution polarises
80-5 ; the control plate just before had given a
polarisation of 9T4, the température of the
room during both observations being 25°C. Ac-
cording to the table, the value of the control
plate at 25°C. is 91'7 ; the reading is, therefore,
0-3 too low, and 03 is added to the reading of
the sugar solution, making the eorrected resuit
80'8. The température of the room should be
aseertained from a standardised thermometer
placed close to the instrument, and in such a
position as to be subject to the same conditions.

15. Construction of the saccharimetric scale.
In the transition tint, as well as in Schmidt
and Haensch's latest form of half-shadow in¬
struments, the graduated scale does not give
measurements in angular degrees, but is reckoned
in divisions, and is constructed thus :—

For the Ventzke-Scheibler saccharimeter a

tube 200 mm. in length, and filled with an aque-
ous solution of pure cane-sugar, having at the
température of 17'5°C. a spécifie gravity of 1100
(water = 1000), is placed in the instrument, and
the point observed which gives the exact neutral
tint. This point is marked as 100 on the ivory
plate, and the space between this and the zéro
point is then divided into 100 equal parts, the
graduation being also extended some way to the
left and right of these two points respectively.
It has been found by careful experiments that a
solution of the above spécifie gravity contains in
100 c.c. exactly 26-048 grms. of sugar. Hence
if this weight of pure dry cane sugar be taken
and inade into a solution of 100 c.c. and polarised,
the reading will be the same as if the solution
vvere prepared according to normal density.

Each division, therefore, of Ventzke's scale
indicates a value of 0-2G048 grms. of sugar per
100 c.c. of solution. Accordingly, to détermine

the concentration c (grms. of sugar per 100 c.c.),
a 200 mm. tube is filled with the solution, the
déviation produced by it on the scale read off,
which, multiplied by 0-26048, gives c.

When the spécifie rotatory power of a sub¬
stance has to be determined with this form of

polarimeter, it is necessary first to convert
the reading observed as divisions into degrees
of angular measurement, and then proceed to
calculate the spécifie rotatory power by means of
équation IV. section 18. Taking the value of
[a]j for cane sugar as 73-8, O'Sullivan finds
that 100 divisions of the Ventzke scale are equal
to 38-4° [a]j—that is to say, that a solution con-
taining 26-048 grms. of cane sugar per 100 c.c.,
and which produces a rotation of 100 divisions
on the Ventzke scale, would record on instru¬
ments having angular graduation a rotation for
the same ray through an angle of 38-4° ; hence
ope division of the Ventzke scale equals -3843
angular measurement.

Therefore, in order to calculate the spécifié
rotatory power from observations made with
this instrument, équation IV. becomes

r - 88*4a^ 5 ~ ~2c
In the Soleil-Duboseq instrument the scale

is so constructed that the 100 point is recorded
by a solution in a 200 mm. tube, containing
16-35 grms. of pure cane sugar per 100 c.c. ; con-
sequently, each degree of the scale represents
0-1635 grms. of sugar per 100 c.c.

According to O'Sullivan, 100 divisions of this
instrument correspond to 24° for the mean
yellow ray; hence one division of this scale
equals 0-24 angular degrees, ray j—whence équa¬
tion IV. becomes

r 1 24tt=

"2c"'
16. The Vernier scale. In most instruments

the scale is divided into tenths, and in reading
it the number of whole divisions counting from

20 30 40

10 0 /0

Fis. 43.

the zéro point is first read off, and then the
décimal parts of a division by means of the
vernier, the principle of which is as follows :—

A length equal to 9 divisions on the scale is
marked off on the vernier, and this length is
then divided off into 10. equal parts, reading
from 0 up to 10 in the same direction as the
scale, so that the length of a division on the
vernier is to that of a division on the scale as

9 to 10. Each division on the vernier is equal
to y^ths of a division on the scale. If, therefore,
any two divisions, one on each scale, coincide or
are in a line with each other, the next pair of
divisions to these will differ from a like coïn¬
cidence by a quantity exactly equal to ^th of a
division. Similarly, the next pair will show a
différence of j|>ths of a division, and so on. Thus
in fig. 43, the sixth division on the vernier
coincides with the twenty-ninth division on the '

scale. A little considération will show that the
two divisions immediately preceding them (fifth
on vernier and twenty-eighth on scale) do not
exactly coincids, and that the deficiency of
coincidence between these two lines is the j{th
of a division. Proceeding to the two figures in
front of these it will be seen that their déviation
from coincidence is y-,ths of a division. In like
manner the next pair are vertically distant from
each other ^ths of a division —and in régulai*
succession 2 and 25, 1 and 24, 0 and 23 form
couples which deviate from coincidence respec¬
tively yô^s> io^s' au<3 ï%ths a division. As,
therefore, the 0 on the vernier is distant Atbs of
a division from the point of coincidence, and as
the line on the scale at such point of coincidence
is the 29th, 6 from 20 gives 23, the number of
whole divisions to be read off, to which is to be
added 0'6, the number of divisions on the vernier,
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counting from its zéro to the point of coïn¬
cidence. 23*6 is tlierefore the number to be read
otf, as shown in fig. 39.

The vernier can be equally well applied to
circulai' divisions, and to such instruments as are

employed in the measurement of angles. In
such cases the vernier is a segment of a circle
which is concentric with the segment of the
circle forming the scale, but in this case a
degree of the circle is neither divided into lOths
nor lOOths, but into 60ths,60 minutes being equal
to 1 degree, and hence the vernier, instead of
being arranged according to the décimal System,
as in the case of rectilinear measurement, must
be regulated according to the sexagésimal
System. Thus in the case of the Laurent pola-
nmeter the circle is divided into degrees and
half degrees, and to this is attachée! a vernier
so graduated that fifteen of its divisions are
together equal to fourteen of those on the circle.
A division of the former, therefore, is ith
smaller than a division of the latter, and by this
meàns can be measured TVth of J or ^th of a
degree, whieh is equal to 2 minutes—or, as it is
generally expressed, 0° 2'.

The construction of the saccharimeters men-

tioned in sections 13 and 14 dépends npon the
fact that the dispersive power of solutions of
cane sugar is the same as that of quartz ; and,
while this holds good for cane sugar, it does not
necessarily follow that it should do so for ail
other optieally active substances, and as a matter
of fact it does not, for some which have been
examined—eholesterin, for instance - so that in
such a case the compensator fails to restore a
perfectly uniform colour in the two halves of
the dise. Therefore, in the case of ail substances
wkose rotatory dispersion differs materially from
that of quartz, it is advisable to employ one of
those instruments on which the angle of rotation
can be read off directly.

17. Observation tubes. The tubes used for
observing the spécifie rotation of liquids or solu¬
tions are usually made of glass, which is either
left uncovered or fixed within a simple brass
tube. The one most eommonly employed mea-
sures 200 mm. in length, but the 100 mm. tube
is often used, more especially when dealing with
highly-coloured solutions. These are the two
sizes always used for technical work, but for
original investigations larger sizes, 300 mm. and
upwards, are frequently employed. The internai
diameter varies from 6 to 10 mm., whilst the
thickness of the glass sides is about 2 mm. ; the
ends, which are ground fiât and exactly perpen-
dicular to the sides, are closed by plane parallel
glass plates, which form a liquid-tight joint and
are kept in position by means of brass screw
caps, perforated in the centre, fitted with
washers of indiarubber, and fixed on to the end
of the tube. Care should be taken not to screw

these caps on too tightlv, owing to the tendency
of the glass plates under pressure to become
double refracting, so that the light passing
through them is circularly polarised. Other cir-
cumstances apart from pressure—such as im-
perfect annealing, &c.—may exert a similar
influence. Ail glass covers should, there¬
fore, be tested before being used, and only
those retained which show no circulai' polarisa¬
tion.

In those cases in which the rotatory power
of liquid substances or solutions is afïected to
any appréciable extent by changes of température,
the observation tubes should be inclosed in a

jacket of brass, through which a constant stream
of water supplied from a réservoir at the desired
température is allowed to flow.

Before filling the observation tube with the
liquid under examination it must be thorouglily
well dried by pushing through it a plug of filter
paper or of cotton wool, or having ciosed one
end of it with the cover glass and screw cap, it
is filled and emptied twice in succession with
the liquid to be polarised. The tube is then
filled with the solution just to overfiowing, and
allowed to stand a few seconds to permit the
air bubbles to rise. The cover glass, which
must be perfectly dry, is then pushed slowly
over the end of the tube in such a manner

that the excess of liquid is carried over the side,
whilst the cover glass exactly closes the tube,
leaving no air bubbles in the tube, nor any of
the liquid upon its upper surface. If any air
bubbles should be left in, the cover glass must
be removed, wiped perfectly dry, a little more
liquid poured into the tube, and the cover glass
replaced as before. The screw cap is then care-
fully screwed on over the cover-glass, and the out-
side of the tube wiped clean and dry. Care must
be taken not to screw the cap on too tighily, and
that no liquid adhères to the outsides of the
cover glasses after the caps have been screwed
on. The tube is then placed in position in the
polarimeter, and the reading taken. l'ive or six
readings should always be made, and the
average of these taken as the correct one.

As will be readily seen, it is of the greatest
importance that the length of the tube should
be absolutely correct, and although it is essential
for research work that the length should be
verified by the observer himself, yet for ail
practical and technical purposes it is best left to
the instrument maker.

18. Spécifie Botatorij Poioers of Active Sub¬
stances.—In determining the spécifie rotatory
powers of various active substances the following
factors have to be taken into account :

1. Name of ray used.
2. Nature of solvent.
3. Concentration of, or percentage composi¬

tion of, solutions.
4. Température at which the angle of rota¬

tion has been observed.
5. The direction of rotation, + right-handed

or — left-handed.
Ail the spécifie rotations given in this article

refer to eompounds the exact chemical com¬
position of which is given by the formules
annexed. As before [a]n, [o]j, dénoté respec-
tively the spécifie rotation for ray d and for the
transition tint j.

a dénotés the angle of rotation for a layer of
liquid 100 mm. thick.

c dénotés concentration, i.e. the number of
grms. of active substance in 100 c.c. of solution.

p dénotés percentage composition, i.e. the
numbers of grms. of active substance in 100
grms. of solution.

d dénotés spécifie gravity of the solution.
t dénotés température in degrees Centigrade

at which the rotation has been observed.
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In calculating the spécifie rotatory power by
104

tlie équation [a] = let l = 1,000 mm. andL.C.

c = 10 grms. per 100 c.c., then this équation be-
comes [a] = a, that is to say, the angle observed in
a 1,000 mm. tube of a 10 grm. per 100 e.c. solu¬
tion is the spécifie rotatory power of that sub¬
stance. This O'Sullivan defines as ' the angle
through winch the plane of polarisation of a
given ray is rotated by passing through a layer
1,000 mm. in length of a solution containing 10
grms. dry substance in 100 c.c. of distilled water.'

In examining a substance the spécifie rotatory
power of which is not known, the most eon-
venient weight to take is 10 grms. of dry sub¬
stance dissolved in water and ruade up to exactly
100 c.c.

In practiee it is usual to take observations in
a 200 mm. tube, and for c = 10.

Equation III. then becomes

and IV.

_100a
2c

Hence, in order to find the spécifie rotatory
power of any active substance when in aqueous
solution, we only require to know the values of
a and c.

Now, a is the deflection caused by the solution
in 200 mm. tube when observed in the polari-
meter, and ccan easilybefoundfrom the sp. gr. of
the solution, for when 10 grms. of pure dry cane
sugar are dissolved in water, and further diluted
until the volume exactly measures 100 c.c., such
a.solution has been found to possess a sp.gr. of
1,038-6 (water = 1,000) ; hence 1 grm. of cane
sugar per 100 c.c. has approximately a sp.gr. of
1,003-86. If, therefore, we détermine the sp.gr.
of any solution of cane sugar, and subtraet from
this gravity 1000, then divide the remainder by
3-86, we obtain the number of grms. per 100 c.c.
of cane sugar contained in that solution. The
sp.gr. of known solutions of other carbohydrates
has also been determined ; for instance, a 10 grm.
per 100 c.c. solution of maltose shows a sp.gr.
of 1,039-5. A similar solution of dextrin gives
practically the same ; whilst a solution of dex¬
trose of same concentration gives a sp.gr. of
1,038-1 —1,038-6. It will thus be seen that some

carbohydrates in a 10-grm. per 100 c.c. solution
show a slightly higher sp.gr. than cane sugar,
whilst others give lower results. Since, therefore,
the densities of the various carbohydrates in
solution dilïer to a certain extent, it naturally
follows that the détermination of the concentra¬
tion from the sp.gr. will be somewhat compli-
cated when two or more such bodies are présent
in the solution.

In considération of this fact, it has been
deemed advisable to employ one constant and
unvarying divisor for the détermination of the
solid matter per 100 c.c. in solution, and to
which ail spécifie rotatory powers may be
referred.

The divisor for cane sugar, 3-86, has been
adopted for this purpose, and is recognised by
the symbols [o]d3.s8 and [a]j r8s respectively.

19. Spécifie Rotatory Power of Cane Sugar
CjjHjjO,,. It has been already stated that

Tollcns, in repeating kis experiments on cane
sugar in 1884, found as the mean resuit of his
observations the spécifie rotatory power of cane
sugar to be 66-4 for [a]D.

This number only differs by -1 from the
value previously deduced by both Schmitz and
Tollens for solutions of cane sugar of a mean
concentration c = 14. [<x]D = 66-5, and for ail
practical purposes this latter number may be
taken as correct.

Eor the transition tint O'Sullivan finds as

the mean of several very carefully-conducted
observations the value for [o]j to be 73-8 ; there¬
fore by determining once and for ail the amount
of déviation produced by a given solution of
pure dry cane sugar of known concentration c in
a tube of given length l, the number of grms. of
sugar per 100 c.c. in any solution of unknown
strength, or the percentage of sugar on the
weight taken, eau easily be caleulated from a
détermination of the optical activity of such a
solution.

20. Spécifie Rotatory Power of Dextrose
Cl2H,4012. A sériés of similar observations were
made by Tollens on pure dextrose dried at
60 70°C. His results showed that, unlike cane
sugar, the spécifie rotatory power of dextrose
increases with the concentration, and on being
represented graphically takes the form of a
curve.

Table Y.—Spécifie rotatory power of solutions
of dextrose for various degrees of concentration.

No. of solution Percentage
composition p

[a]D found [a]D caleu¬
lated

4 1-4978 52-407 52-582
8 1-7933 52-289 52-537
2 2-0133 52-073 _

5 2-7533 52-370 52-556
9 7-6042 52-691 52-673
1 10-0272 52-433 —

7 10-0992 52-738 52-742
3 10-2567 52-636 52-747
6 17-5982 52-991 52-991

From these numbers is derived the formula
[«]D= +52-50 + 0-018796p + 0-00051683p2 ; for
p = 9-6823, that is for c = 10, [a]D becomes
+ 52-73.

For the transition tint the rotation value for
dextrose has been very accurately determined by
C. O'Sullivan (C. J. 57, 835), who found it to be
for c= 10, [a], =57-0°.

21. Spécifie Rotatory Power of Lœvulose
Cl2H2|012. The information respecting lœvulose
has been until recently very meagre, and to a
certain extent unreliable, for what was already
known badly needed confirmation. This was
principally owing to the difficulty hitherto ex-
perienced in obtaining this carbohydrate in a
state approaching to any degree of purity.

Dubrunfaut (C. 11. 42, 901), who appears to
be the first to have recorded any reliable obser¬
vations on the spécifie rotatory powers of lœvu¬
lose and invert sugar, found for lœvulose obtained
by means of the lime process from invert sugar
the following values :

14°C. 52°C. 90°C.

[a]j —106. -79-0. - 53.
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Otker values liave been obtained by other
observers, as under :

Neubauer (B. 1877, 829) : [a]^00-= -100.
Jodin (C. B. 58,'613) : [a]j = -104.
Kiliani (B. 14,2530) : c = 1 to 4 ; [à]D = - 92°.
In 1888, Hônig and Sebubert sueceeded in

obtaining lœvulose in a orystailine form from
inulin.

In tbe same year, Herzfeld (A. 244, 274) and
Winter (A. 244, 295) prepared erystaliine lœvu¬
lose from inulin, which they submitted to polari-
metric observation.

Herzfeld found tbe spécifié rotatory power of
pure lœvulose at 20°C. to be only — 77'81; and
for a 20 p.c. solution at 20°, aD= — 70-59.

Winter found for a£°°c- — 71*47, c = 20. .

Lœvulose separated from invert sugar by
Dubrunfaut's calcium rnethod gave :

[a]f°c- = 73-54, c = 4-5.
Hônig and Jesser (M. 9, 5G2) bave examine!

lœvulose most carefully prepared by them from
inulin, and find that, for the same degree of
concentration (p), the increase and decrease in
the spécifie rotatory power is proportional to the
température, so tbat the relation can be expressed
by the équation a'B = o + bt. The values of a and
b, calculated from two sériés of observations, in
ivhich p~-9*0870 and 23-4979 respectively, show
that between these limits of concentration the
rotation increases 0-07142° for every 1°C. From
this relation the rotatory power of solutions
containing various quantifies of water (ç) have
been calculated, from which has been deduced
the relation between the spécifie rotatory power
and the percentage of water, and which may be
be expressed by the équation :

[a]D = A + B2.
Hence at 20°,

Md°°°'= -113-9035 + 0-25S31g.
The spécifie rotatory power of pure anhydrous
lœvulose at 20°C. is therefore —113-96 ; whilst
for c = 10,

[a]2°°= -90-716.
As the result of their experiments, the authors

conelude that Herzield's results are incorrect,
owing to the substance employed by him having
been contaminated with dextro-rotatory inuhn
derivatives.

Jungfleisch and Grimbert (C. B. 107, 390)
iind that the rotatory power of freshly-prepared
solutions of lœvulose is greater than that of
solutions which have been kept for sorne time.

A solution of lœvulose containing 9'75 grms
per 100 c.c. gave, 35 minutes after its prépara¬
tion, aB= -97-33° at 7°C. ; 55 mins. after,
«d=—96-11; 75 mins. after, oD =—95-11 ; 1 hr.
45 mins., aD= —94-77 ; after which it remained
constant.

The spécifie rotatory power of lœvulose di-
minishes by 0-56° for every 1°C. increase of
température.

The spécifie rotatory power of lœvulose in
solution may be calculated by nieans of tbe fol-
lotving formula :

[a]„ = -101-38 - 0-5Of + 0-108(p -10)
(p=concentration) for températures between 0°
and40°C., with concentrations less than 40 grms.

per 100 c.c. ; above 40°C. appréciable traces of
lœvulose are destroyed.

Jungfleisch and Grimbert, in a later commu¬
nication (C. B. 108,144), notice that the rotatory
power of pure iœvulose prepared from inulin
varies consirlerably from the value obtained by
calculation from the optical activity of invert
sugar, this being considered as a mixture of
equal parts of lœvulose and dextrose ; e.g. at
20°C. [a]D for pure lœvulose from inulin = 90-02 ;
[a]D for the lœvulose of invert sugar = 95-74.
These différences are ascribed by the authors to
a peculiar modifying influence of the strong acids
on lœvulose. Dextrose, when added to a solution
of lœvulose in quantity equal to the lœvulose
présent, does not modify the spécifie rotatory
power of the lœvulose.

Pure lœvulose with 10 p.c. HC1 gave, at 12°C.,
[a]D = - 94-06. After heating for half-an-hour to
68°C., with 5 p.c. HC1, gave [a]D= -96-78. H„SO.,
used in a similar manner gave [o]D=— 99-78.
This action of strong acids is exerted instantly,
and even at ordinary températures. HC1 added in
the coldto a lœvulose solution gave [a]D= —96-50.
Oxalic acid behaves similarly on heating, whilst
acetic and formic acids have no action.

Thus under conditions where pure lœvulose
gave [a]D= —94-66, the lœvulose of invert sugar
inverted by 5 p.c. HA, 30 mins. at 100°C. gave
[o]D= -94-48; 10 p.c. HA, 60 mins. at 100°C.
gave [a]D = — 94-00 ; 5 p.c. formic acid, 30 mins. at
100°C. gave [a]D=—94-80. On tlie addition of
HC1. to such solutions, the readings were in-
creased as before. Hence it would appear that
the lœvulose of invert sugar made by the ordi¬
nary proeess of inversion with acid is not iden-
tical with pure crystallised lœvulose, but is a
modification of it. The optical activity of dex¬
trose is not influenced under any of the above
conditions.

Ost (B. 24, 1636), who to some extent con-
firms tbe observations of Hônig and Schubert,
and of Jungfleisch and Grimbert, iinds the fol-
lowing formula for the spécifie rotatory power of
lœvulose at 20°C. :

[a]*>° = -(91-90 tO-lllp),
where p is the weigbt in grms, of lœvulose in
100 grms. of the solution.

22. Spécifie Rotatory Power of Invert Sugar
C,.H.2lO]2. When cane sugar is aeted upon by
acids, or by invertase, it undergoes hydration
and thus becomes inverted. The sugars derived
from it are dextrose and lœvulose in equal pro¬
portions.

Dubrunfaut (C. B. 42, 901) observe! that the
rotatory power of invert sugar rapidly decreases
with an increase of température. He found for
a solution of invert sugar (concentration not
given): [a]j= -26-65, at 14°C. ; at52°C.,-13*33;
at 90°, 0-0.

Tuehschmid (J. pr. 2, 235) found that a
solution of invert sugar, c = 17-21, has at 0°C. a
spécifie rotatory power [a]D = —27*9, and that at
S7"2°C. this rotation becomes 0, according to the
formula [o]£ = - (27*9 - 0-321).

Gubbe (B. 18, 2207) states that the spécifie
rotatory power of a solution of invert sugar
dépends not only upon concentration and tem¬
pérature, but also upon the nature and propor¬
tion of acid used for the inversion. For instance,
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in the case of sulphuric and hydrochloric acids
the spécifie rotation increases with the propor¬
tion of acid, according to the formula :

M„°° = - (19-983 + -16979:cH2S04) ;
or — 19"9U5 + *32Gla:HCl) ; whereas oxalic acid
exerts 110 influence.

For influence of concentration, Gubbe gives,
for solutions at 20°C., containing less tlian 35
p.c. sugar :

[a]=0° = - 23-305 + 0-016122 x -00022392= ;
and for changes of température from 0° to 30°C. :

[ajJ, = - 23-305 + -30406(f - 20) + -001654(f - 20)2.
These observations have to a large extent

been confirmed by Jungfleisch and Grimbert in
their observations on lœvulose.

Ost (B. 24, 1636) also confions Gubbe's re-
sults for dilute solutions of oxalic acid, and finds
that a 0-1 p.c. solution of oxalic acid at 50°-
53°C. lias no influence on the spécifie rotatory
power of invert sugar even after several hours;
lie finds, however, contrary to the statement of
Jungfleisch and Grimbert, that a 5 p.c. solution
of acetic acid lowers the rotatory power of invert
sugar, even at the ordinary température, from
[a£J° = -20-3 to [a]20°= -19-77.

J. O'Sullivan (C. J. 61, 408) states that invert
sugar obtained from cane sugar by means of in-
vertase has a spécifie rotatory power [a])°50 =

— 24-5 c = 10, and that it yields a dextrose
possessing a spécifie rotatory power [alj -- 57°,
c = 10.

Whence O'Sullivan deduess the apparent
spécifié rotatory power of lœvulose calcillated from
these numbers to be - 24-5° x 2 — 57° = —106 for

Mf'8°.
"23. Spécifie Botatory Po:oer of Maltose

C,.,H „On. ïhe spécifie rotatory power of maltose
lias been determined by several observers.

O'Sullivan, who first critically examined this
sugar, finds the following values (C. J. 29,480 and
45,1): [a]D = 139°; [a]j =154°; fore = 10.

Brown and Héron (C. J. 35, 596) find 153-1°.
Other values have been found as follows : —

Von Mering } " [n]j = 149-0 (Z. P. G. 2, 403) ;
Yoshida . . . [a]j = 150-25 (C. N. 43, 29) ;
Saudwik . : . [a]j = 150 (Z. P. C. 5, 427) ;
Schulze . . . [a], = 149-5 (B. 7,1847) ;
Herzfeld . . . [ajD= 140-6 (B.C. 1883,127).

Meissl (J.pr. [2] 25, 114), on making experi-
ments with various préparations of maltose,
finds that its spécifie rotatory power varies in-
versely with the température and concentration.
As the mean of several experiments he gives the
following équation for the spécifie rotatory power
of maltose: [eCD = 140-375 — 0-01837 P —0'095f,
where t = température, P = percentage of maltose
in the aqueous solution.

For ail practical purposes the numbers given
by O'Sullivan as a*bove may be taken as correct.

24. Spécifie Botatory Power of Lactose
Cl2H.„0„ + H./J. Previous to the investigations
of Schmoeger it was stated that the spécifie
rotatory power of lactose varied according to
concentration, and accordingly we find the follow¬
ing formula by Hesse (A. 176, 100) l'or calcu-
lating the rotatory power :

[b]d = + 54-54c--5575c +-05475c2- •001774c5.

The following values have been found for
lactose by various observers :
Erdman . [a]„ = + 51'5 ;
Poggiale . [aJD = + 54-2 ;
Biot . . . L°Jj = + 60-23 (C. B. 42, 439) ;
Berthelot . [ajj = + 59-3 (Wurtz, Dict. de

Chem.) ;
Hoppe-Seyler [a]j = + 58-2 (Handbuch Pliysiol.

Chem. Analyse).
Schmoeger (B. 13, 1922), who in 1882 very

carefully investigated the optical properties of
lactose, came to the conclusion that the spécifie
rotatory power is the same for ail concentrations
from 2 grms. up to 36 grms. per 100 c.c., but
that température exerts an appréciable influence
on the rotatory power; thus at 10°C. [a]D =
53-5, at 35°C [o]D = 51-48. From his experi¬
ments Schmoeger came to the conclusion that
at 20°C. lactose possesses a spécifie rotatory
power for ray d of + 52-5°, and that the value
of [a]D varies inversely about -075° for everyl°C.
In the présent state of oui- knowledge [a]D = 52-5°
may be taken as the most correct number foi-
lactose. l'ellet and Biard find (Bl. [1] 5, 171)
[ojj = + 58-94.

25. Spécifie Botatory Power of Dextrin
C,2H20O10. Continental chemists following Mus-
culus state that the différent dextrins liave a

varying action on polarised light, and are ail
capable in a différent degree of reducing cupric
oxide. English chemists, on the other hand,
contend that the dextrins have no cupric-redueing
power, and that ail possess the same spécifie
rotatory power, viz. [a]j = 222°, [a]D = 200-4 -
for c= 10 ; see O'Sullivan (C. J. 30, 125 ; 45,1),
Brown and Héron (C. J. 35, 596).

26. Spécifie Botatory Power of Malto-
dextrins. Brown and Morris (C. J. 47, 527;
55, 449) have isolated two bodies from starch,
one by the action of diastase, the formula of
which is given as Wja-se = 193-11,
c = 10 ; the other by the action of dilute acid in
the cold on starch granules —

Si), Mi 3-sa=206-11.
27. Spécifie Botatory Power of Baffinosc.

Balfinose C]sH;,,Ol6 + 5H20 has been found lo
ocuur ready forrned in eucalyptus manna, cotton
seed, beetroot, and barîey.

Loiseau (C. B. 82, 1058) in 1876 obtained
raflinose in a crystalline form from beet sugar
in the course of an investigation on the extrac¬
tion of sugar from molasses with sucrate of lime.
He ascribed the formula CsH,s08 +2|H.O to it,
and found that for cane sugar polarising 100
divisions on the saccharimeter raflinose polarised
159.

Bitthausen in 1884 (J. pr. [2] 29, 351) sepa-
rated this body from cotton seed, and gave to it
the formula C12H,20,,,3H20, with a spécifie rota¬
tory power [a]j = 117-4, which, after inversion
with acid, diminished to [a]j = 61-8.

Tollens, in 1885 (B. 18, 26), separated the
same body from beet-sugar molasses resulting
from the strontia process, and for which he
found fa]D = 102-5° —103-0°, and after inversion
[b]d = 45°.

Eischbiet and Tollens (B. 18, 2611) found
the same substance in eucalyptus manna in
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Table VI.—Spécifie Botatory Powers of Carbohydrates.

— M» Mi [X1D3-86 Wj3-88

Iteadings for 1 grm. per 100 c.c.
in 200 mm. tube for 3 86 divisor

Laurent's
polarimeter

Soleil-Ventzke-
Seheibler

saccliarimeter

Cane sugar .... + 6G-5 + 73-8 + 66"5 + 73-8 + 1-330 + 3-84
Maltose .... +139-0 + 154 +135-4 + 150 + 2-708 + 7-81
Lactose at 20°C. . + 52-5 + 58-9 — —

— —

Dextrose .... + 52-7 + 57-0 + 52-7 + 57-0 + 1-054 + 2-97
Lœvulose—

Krom inulin at 20°C. - 91-0 — — — — —

From invert sugar at 20°C. - 95-5 -104-8 — — — —

Invert sugar at 20°C. .
- 21-5 — — — — •—■

Eaffinose .... + 104-4 + 135-3 — — — —

Dextrin .... + 200-4 + 222-0 + 195-0 + 216 + 3-900 + 11-25
Maltodextrin I. — — — + 193-1 — + 10-05
Maltodextrin II. .

— —

. — + 200-1 — + 10-74

Table VII.

Solvent Concentration
c= [»]d

Quinine hydrate C20H2JN2O2 » 3H..0 Alcohol, 97 p.o.
by vol.

1 to 10 - (145-2-0-657c)

Hydrochloride C,0H2,N,O2.HCl + 2H,0 .
Water 1 to 3 — (144-98-3-15e)

Same, 1 mol. of sait .... 2 mois. HC1 + II20 1 to 7 — (229-46-2-21c)
to 100 c.c.

Sulphate fneutral) 2(C.,0H21N.,O.,).H.,SO4 Alcohol, 80 p.c. 2 -162-95
+ 8H20 by vol.

Same, 1 mol. anhydrous sulpliate 4 mois. HC1 +

H„0 to 100 c.c.

2 -239-2

Sulphate (mono aeid) C.,„H„JN.,02.H.,S04 Water 1 to 6 - (164-85-0-31c)
* 7H20

Disulphate (diacid) C.,0H.,4N.,0o.2H..SO1 Water 2 to 10 -(155-69-1-14C)
+ 4H..0

Cinchonidinc CMH24N20 Alcohol, 97 p.c. 1 to 5 — (107-48-0-297e)
by vol.

Hydrochloride C20H21N2O.HC1 + H.O . Water 1 to 3 - (105-34- 0-76c)
Same, 1 mol. sait .... 2 mois. HC1 + H20 1 to 10 — (154-07-l"39e)

to 100 c.c.

Sulphate (neutral) 2(C..0H„,N2O).H..SO4 Water 1-06 -106-77
+ 6H„0

Sulphate (mono-acid) C,0H„ (N-.O.HoSO^ Water 2-0 -110-5
+ 5H20

Disulphate (di-acid) C.,0H,4N.,O.2H„SO4 Water 1 to 7 - (105-96-l-0267c
+ 2H20 + 0-03376c2

-0-00104c3)

Quinidine hydrate OnoH2,N.,0, Alcohol, 97 p.c. 1 to 3 + (236-77-3-Olc)
+ 2JH..0 by vol.

Hydrochloride C2llH24N202.HCl + H20 . Water 1 to 2 + (205-83-4-93c)
Same, 1 mol. sait .... 2 mois. HC1 + 1 to 5 + (292-56-3-09C)

water to 100 c.c.

Diquinidine sulphate Water 1 +179-54
2 (C20H24N2O2) .H2S04 + 211.,O

Sulphate C20H24N,O2.H2SO, r 4H20 . Water 2 to 8 + (212-0-0-8c)

Cinchonine C20H2,N2O . Alcohol 97 p.c. 0-5 to 1 + 226-13
by vol.

Hydrochloride C.,0H21N2O.HC1 v 2H..0 . Water 0-5 to 3 + (165-5-2-425c)
Same, 1 mol. sait .... 2 mois. HC1 + 1 to 7 + (214-0-l-72c)

water to 100 c.c.

Dicinchonine sulphate Water 1 to 2 + (170-3-0-855c)
2(C20H24N2O).H2SO4 + 2H.0
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1886, and proved that it was identical with the
body extracted from molasses and cotton seed
by other observera.

Scheibler (B. 18, 1779) found for the same
body [a]D = 103-9 and [a]j = 114-0 ; on inversion
[a]D = 52-3, and the formula CISH320]6..5H._,0.

Pellet and Biard in 1886 confirmed Loisean's
experiments (G. C. 47, 878).

C. O'Sullivan (C. J. 49, 70) in the same year
found raffinose in barley, and the spécifie
rotatory power for anhydrous raffinose to be
[a]j = 135-3, and on inversion [a]j = 43-5. He
gave to it the formula ClsH.,./J1G.5ILO.

Beythien and.ToIlens, wlio havemore recently
studied the properties of raffinose (Ann. [2] 55,
195), agree with Scheibler and O'Sullivan as to
the formula C]sH220ls, and find [tt]D = 104-4, a
number which is now generally accepted as the
correct one.

In Table VI. the spécifie rotatory powers of
the various carboliydrates are given for con¬
centration c = 10.

28. Spécifie Rotatory Power of the Cinchona
Alkaloids. The rotation constants which have
been determined with the gréatest accuracy by
Hesse (Ann. 176, 203, and 182, 128) are those
of quinine, cinchonidine, conchinine (quin-
idine), and cinchonine. In each of these four
alkaloids the spécifie rotation varies consider-
ably with the nature of the solvent, and
increases, moreover, with the inerease of concen¬
tration. Hesse has investigated the rotation of
solutions containing, aceording to their respec¬
tive solvent powers, from 1 to 10 grms. of sub¬
stance in a 100 c.c. of solution, and has found
that within these limits the variations are re-

presented by the formuhe [o] = A—Bc. As sol¬
vent, aleohol of 97 p.c. by volume was employed
for the pure alkaloids, and for their salts either
water, dilute hydrochloric, or sulphuric acid of
known strength, the latter being added in such
quantity that the solutions contained for one
molecule alkaloidnot more than 3 molécules HC1
or II,SO.,. This was the proportion of acid
used also in the solutions of the free alkaloids.
In calculating the number of c.c. of standard
acid to be added to a given weight of alkaloid,
Hesse took 316 for the molecular weight of ail
fourbases, being the mean of 308 (C20H21N2O4, cin¬
chonine and cinchonidine), and 324 (C20H24N2O2,
quinine and quinidine). The error arising from
the slight différence from the true molecular
weight is trifling.

As the rotatory power of solutions containing
alkaloids decreases more or less with a rise of
température, the solutions must be kept at a
constant température. Hesse took 15 °C. as a
standard.

Table VII. shows the constants obtained by
Hesse with préparations of the highest possible
degree of purity.

As in previous cases c stands for the number
of grms. of active substance in 100 c.c. of
solution.

29. Spécifie Rotatory Power of Vegetable Oils.
It has generally been taken for granted that
ail vegetable oils (with the exception of castor
and.resin oils) have no action on polarised light,
but recent observations by Bishop (J. Ph. [5]
16, 300) and Peter (Bl. 48, 483) tend to show
that many oils cause a most decided rotation of

the polarised ray, as is seen in the accompany-
ing table :—

Table VIII.

Laurent's Saccharimetrio
polarimeter scale

Olive oil, refined + 0'16° + 0'7 divs.
,, „ commercial

Sesame oil, refined .

+ 0-28° + 1-3 „

+1-08° + 5-0 „

„ „ commer¬ + 1-95° + 9'0 „

cial
Castor oil + 8-8° + 40-7 „

Croton oil + 9-25° -t- 42-6 „

Colza oil . -0-26° - 1-2 „

Sweet almond oil — - 0-7 „

Linseed oil — - 0-3 „

These experiments want further corrobora-
tion by observations made on several samples of
pure oils from widely différent districts before
a methodical table can be construeted for the
purpose of detecting adultération, or of ascertain-
ing the relative purity of commercial samples.
There can be no doubt, however, that such a
sériés of observations on the action of the
différent oils on polarised light would be of
extreme value, and would in time form a useful
adjunct to the présent methods of analysis.

Pkactical Applications.

30. Détermination of cane sugar, other opii-
cally-active bodies being absent.

The détermination of the percentage of cane
sugar in aqueous solutions is founded upon the
following propositions established by Biot.

1. The amount of déviation of the plane of
polarisation is proportional to the length of the
liquid column.

2. The amount of déviation is proportional
to the concentration—i.e. number of grms. of
sugar in 100 c.c. of solution. Therefore, by
determining once and for ail the amount of dévia¬
tion produced by a given solution of pure cane
sugar of known concentration c in a tube of a
given length, l, the number of grms. of sugar
per 100 c.c. in any solution of unknown strength
can easiiy be calculated, and hence the percentage
of sugar on weight taken aceording to the follow¬
ing formula :

. 100a
Zx[a]'

Where an instrument with angular gradua¬
tion is employed, the most convenient propor¬
tion of sugar to use is 15 grms. per 100 c.c., and
substituting the value of [o]D = 66-5 in the above
équation :

c== l'504 ", in which a is the angle
l x 66*5 l

of rotation observed with the sodium light and i
the length of tube employed. If l = 200 mm. then
c = 0-75a. A solution of 15 grms. per 100 c.c. of
pure dry cane sugar gives an angle of 20° exactly,
which multiplied by 5 gives 100. If, therefore,
15 grms. of a sample of commercial sugar are
weighed out, and made into a 100 c.c. solution
and polarised in a 200 mm. tube, the real sugar
percentage may be obtained by simply multi-
plying by 5.
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Should,however, any other weight P be taken
per 100 e.c. the percentage may be calculated
from the proportion P : 075a : : 100 : x,

whence x —

In the case of a Soleil-Ventzke-Seheibler or

Schmidt and Haensch saccharimeter, in order to
estimate the percentage of cane sugar in a com¬
mercial sample, ail that is necessary to do is
to weigh ont 26'048 grms. of the sample, dis¬
solve in water, make up to 100 c.c. at 15-5°C.,
and observe the déviation produced by it in a
200 mm. tube ; the number observed expresses
directly the percentage of pure cane sugar in the
sample.

Where a Soleil-Duboscq instrument is em-
ployed, 16'35 grms. of the sample are taken, made
intoalOO c.c. solution, and polarised; the read-
ing observed giving directly the percentage of
sugar.

In the case of loaf and good crystal sugars
the solution will be sufliciently clear and colour-
less to be capable of being polarised at once ;
in actual practice, however, the analysis of such
samples is but rarely required, and in dealing
with ail other qualities of sugars it will be neces¬
sary to remove the colouring matter to a greater
or less extent before proeeeding to polarise
them.

Where the solution exhibits only a slight
turbidity or opalescence this may be got rid of
by the addition of alittle alumina creanr to the
solution in the flask before making it up with
water to the containing mark. Of course, after
it is made up it must be well shaken and filtered
bright before it can be polarised. For dark
solutions clarification is usually effected with
basic leadacetate. The normal weight of sugar,
having been weiglied out, is dissolved in about
50 c.c. of water, using heat if necessary, then
cooled to 15-5°C. and transferred to a 100 c.c.

flask provided with a long neck, on which is a
second mark indicating 110 c.c. The liquid in
the flask is made up to the first mark, 100 c.c.,
with distilled water at 15'5°C., and as ruuch
basic lead acetate added as will just precipitate
the colouring matter. This usually amounts to
from 3 c.c. to 5 c.o. The liquid is then made
up with distilled water to the second mark, about
3 grms. of freshiy-burnt finely-powdered dry
animal charcoal is then added, the whole
shaken up well, and, after afew minutes, filtered.
The first 5 c.c. or so of the filtrate must be re-

jected. If the filtrate does not then come
through bright it must be poured back on the
filter until it does. It will then be suitable for
polarising. In this case it will be found conve-
nient to use a 220 mm. tube instead of a 200 mm.

—or, if a 200 mm. tube be used, the reading must
be multiplied by il to correct for dilution from
100 c.c. to 110 c.c.

In the case of molasses and syrups it is ad-
visable to use half the normal weight, and make
up as usual to 100 c.c., clarification being
effected with 7-8 c.c. basic lead acetate and ani¬
mal charcoal ; after filtration, the optieal activity
is observed in a 220 mm. tube, and the resuit
multiplied by. 2 ; or, if observed in a 200 mm.

il 99
tube, multiplied by — x 2 = —.

Where acetate of lead is used, Casamajor
(C. N. 25, 306) recommends the addition of
soluble salts capable of giving dense précipitâtes
with the lead—such as sodium sulphate or phos¬
phate. The soluble sait is added by throwing a
pinch of it on the sugar, and dissolving by water
afterwards. The addition of the salts mentioned
does not affect the polarisation.

Solutions of raw sugars after treatment with
lead acetate frequently take a long time to filter,
and when large numbers of samples have to be
polarised in the course of the day much incon¬
venance sometimes results. In order to obviate
this a solution of bleaching powder bas been
employed by the writer with excellent results.

A quarter of a pound of dry bleaching powder
is rubbed up in a mortar with half a pint of dis¬
tilled water until the whole is reduced to a thin
mud of uniform consistency, then thrown on a
filter. The filtrate is preserved in a tightly-
fitting stoppered bottle in a cold, dark place. To
100 c.c. of the sugar solution made up in the
way already described are added about 5 c.c. of
the bleaching solution, and let lie a minute or
two, until the solution is completely decolourised.
The mixture of the bleaching solution with the
liquid in the flask may be accelerated by twisting
the neck of the flask between the hands, so as to
impart a rotary motion to it. A few c.c. of
sulphurous acid, sp.gr. 1,020, are next added, the
liquid made up with distilled water to the second
mark, well shaken up, and filtered if necessary.
By this process, unless the sugar solution is
cloudy or turbid before the addition of the bleach¬
ing solution, no filtration is required, so that
much time is saved ; and from several experi-
ments the writer has assured himself that the
bleaching solution has no action on the spécifie
rotation of the optically-active bodies présent.

31. Détermination of cane sugar, other
optically-active substances being présent. When
only cane sugar is présent it can, as we have just
seen, be determined at once by direct polarisa¬
tion, but when dealing with the lower grade beet
sugars, and East and West Indian raw sugars,
molasses, syrups, &c., the cane sugar is gene-
rally accompanied by greater or less quantifies
of invert sugar, the efl'ect of which is to reduee
the polarisation, so that the correct percentage
of cane sugar cannot be directly determined,
and recourse must be had in such cases to the
so-called inversion process of Clerget, which was
introduced by him in 1845, and is known as the
double polarisation process—that is to say,
polarisation of the sample before and after inver¬
sion. It has been universally adopted as the
most accurate, as well as the most convenient,
method to use for the estimation of cane sugar
in commercial samples.

According to Clerget's experiments, a solu¬
tion of pure cane sugar which indicates a rota¬
tion of 100 divisions to the right on the saccliari-
metric scale will, after inversion by acid and at
a température of 0°C., show a rotation of 44
divisions to the left on the same scale, the total
change of rotation being 144 divisions. It has
been found, moreover, that this relation varies
considerably with the température at which the
reading is taken, and it was found that altération
of rotation was equal to 0'5 division for a rise of
1°C.
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Thus, at 0°C. .the total change of rotation,
which was equal to 144 divisions, would at 1°C.
become 144-0-5 = 143-5; at 2°, 144-1 = 143;
and generally at a température t° the amount
of change would be represented by 144 — \t.
If then S represent the sum or différence of the
saccharimetric reading bëfore and after inver¬
sion, f° the température of the inverted solution
at time of observation, and E the percentage of
cane sugar sought, then (144 —^f) : 100 : : S : E,
whenee E = -î5^—

144 -it
This method, since .first introduced by Cler-

get, has been submitted to most careful investi¬
gation by rnany other chemists with a view of
determining the accuracy of Clerget's results, as
well as the best method of procédure.

Since Clerget's time the Soleil saccharimeter
has gradually been replaced by the Soleil-
Ventzke-Scheibler, and Schmidt and Haensch's
half-shadow saecharimeters, and for either of
these instruments, of the various methods pro-
posed from time to time for the détermination
of cane sugar by double polarisation, the modi¬
fication of Clerget's process recommended by
Herzfeld is the one now universally adopted.
This is as follows :—26-048 grms. of the sugar
to be examined are dissolved in water and
made up to 100 c.c., decolourised if necessary,
filtered, &c., and polarised. 50 c.c. of this solu¬
tion are then taken in a 100 c.c. flask, 5 c.c. of
38 p.c. hydrochloric acid added, and about 20 c.c.
of water. The flask is then well shaken and
plunged into water, heat.ed to a température of
70°C. as soon as the température of the sugar
solution has risen to 68-70:C., which it should
do in five minutes, it is kept in the water-bath
at this température for five minutes longer, then
taken out, cooled down quickly to the normal
température, diluted with water to 100 c.c.,
polarised at 20°C., and the reading multiplied
by two.

It is liardly necessary to remark that the
sugar solution, previous to inversion, should be
polarised at the same température, otherwise a
slight error may be introduced in calculating
out the results, ôwing to the invert sugar which
may be présent in the original sample.

According to Herzfeld, a solution of pure
cane sugar, containing 26-048 grms. of sugar
per 100 c.c., should by this method show a change
of rotation on a Soleil-Ventzke-Scheibler sacchari¬
meter of 132-6 divisions at 20°C., so that for
this température Clerget's formula becomes
P 100S aon 100S= i ; this at 0 C. becomes , a number

132-6' 142-6
differing slightly from that first determined by
Clerget. Where a température other than 20° is
employed, the results may therefore be calculated
by the formula

100S
R =

1426
t°

Where raffinose is suspected to be présent, as
in those sugars which are recovered from mo¬
lasses, especially such as resuit from the osmose
or strontia process, the formula for this substance
must be applied instead of Clerget's. The one
recommended in the officiai instructions pub-
lished in connection with the German Sugar

Duties Act of July 9, 1887, is perhaps as good
a one as any, and was proposed by Dammuller
(Zeit. f. Zuckerind. 1888, 742).

To calculate the resuit the following formulai
are used :

„_0-5188P-P'
0-845

E =
P-S

1-85

where S = cane sugar p.c., R = raffinose p.c.,
P = polarimetric reading for the whole normal
weight before inversion, P' = polarimetric reading
for the whole normal weight after inversion.

Instead of carrying oui the inversion of cane
sugar by means of acid, O'Sullivan and Tomp-
son's invertase process (C. J. 59, 46) may be
employed, being advantageous in such solu¬
tions as those obtained from malt and other
natural sources, where the use of acid is inad¬
missible or would lead to inaccuracy by reason
of its action on other bodies which might be
présent in such solutions.

The method of procédure is as follows:—
The solution containing the cane sugar must
be approximately neutral (certainly not alkaline),
and if the presence of any enzymeis suspected the
température should be momentarily raised to
80°C. to destroy it. The optical activity at
15-5°C. and the cupric reducing power of the
solution are determined, and then 50 c.c. of it are

poured into a beaker and raised to a température
of 55°C. in a constant température bath. Some
ordinary brewer's yeast, pressed in a towel, is
now taken. The weight of the pressed yeast
should be about one-tenth of the total amount
of sugar to be inverted. It is thrown into the
hot solution, and the whole gently stirred until
the mixture is complété. The solution is left
for four hours in the water-bath. At the end of
this time it is cooled to 15-5°, a little freshly
precipitated aluminium hydrate added to facili-
tate filtration (this is not always necessary), and
the whole made up to 100 c.c. A portion of this
solution is filtered, and the optical activity
observed. The solution is then left in the cold
until the next day, when another observation is
taken in order to prove that inversion is com¬
plété. The cupric reducing power may also be
estimated, if desired. The results are calculated
as follows ;—

(a) From the optical activity the cane sugar
may be calculated as follows :—

P =
a — 2af

VI

a = the number of divisions indicated by the
polarimeter scale for 200 mm. of the original
solution.

a' = the same factor in the inverted solu¬
tion.

m = the number of divisions of the polari¬
meter scale which 200 mm. of a solution con¬

taining 1 grm. of cane sugar per 100 c.c. alters
on being inverted. ■ In the case of the Soleil-
Ventzke-Scheibler saccharimeter 1 grrrr. of cane
sugar in 100 c.c. indicates + 3-84 divisions,
whereas after inversion it gives — 1-34 divi¬
sions. Therefore, where this instrument is used
vi=5-18.

P = the weight of cane sugar présent in
100 c.c. of the original solution.
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(6) From the cupric reducing power

P = 0-4808f?5!*:-2?^V. w' w J
Where G = the weight of 100 c.o. of tke

original solution.
G' = the same factor for the inverted solu¬

tion. Allowance must, of course, be made kere
for dilution and for the 5 p.c. increase of the in-
verted sugar, but the latter number is so small
that it need not be calculated aceurately.

w = the weight of the original solution used
for the estimation.

w' = the same factor for the inverted solu¬
tion.

k = the weight of the eupric oxide reduced
by w.

k' = the same factor for w'.
P = the weight of cane sugar présent in

100 c.c. of the original solution.
It is needless to remark that the values of P

in both cases should be identical within the
limits of error of manipulation.1

Where preferred, a solution of invertase may
be used instead of yeast ; this is prepared, ae-
cording to O'Sullivan and Tompson, as follows
(C. J. 57, 880) :

Yeast is allowed to liquefy for at least a
month in a fairly warm room, care being taken
not to stir it or otherwise disturb it during this
period ; the surface liquor is then removed, and
the lower layer thrown on to a quick filter. To
this yeast liquor is then added a suflicient
quantity of alcohol so that the whole bulk
of the liquid contains about 10-12 p.c. absolute
alcohol. The mixture is allowed to stand a few
days, and then the clear solution is filtered off.
This solution is kept in a stoppered bottle, and
retains its inverting power indefinitely.

32. Analysis of raw sugars. Sugars, whether
raw or refined, which are fit for direct consump-
tion are generally valued from their appearance,
colour, size of grain, brightness, &c., rather than
according to the percentage of sugar présent ;
but where sugars are bought for purposes of re-
iining it becomes most essential for the refîner
not only to know liow much cane sugar the
sample actually contains, but also the amount
of cane sugar which he can obtain in the pro-
cess of refining, and which is known as the
available amount of crystallisable sugar. For it
is a well-known fact that several samples which
may show the same percentage of sugar by
polarisation will not ail yield equal amounts of
crystallisable sugar on refining ; and these dif¬
férences are attributed to the presence in greater
or less quantities of the salts of minerai and
organic acids, as well as to the presence of in¬
vert sugar, and organic bodies other than sugar,
ail of which exercise to a certain extent an in-
jurious elïect upon the erystallisation of the
cane sugar.

A study of these bodies and their effects has
given rise to a method of valuing raw sugars,
which has been adopted in France and Germany
as well as in this country, and is known as the

1 It is not necessary to détermine both the optical acti-
vitv and the cupric reducing: power, as eitiier lacfcor by
itself is suflicient. The optical activity will be fourni the
more convenient, and generally the more accurate, of the
two, escept where much invert sugar is présent in the
sample before inversion (see section 20).

Vol. III.—T

' rendement,' or the net amount of crystallisable
sugar obtainable from a given sample o£ raw
sugar.

This method assumes that for every 1 p.c. of
ash contained in the raw sugar 5 p.o. of cane
sugar is prevented from crystallising, and that for
every 1 p.c. of invert sugar présent an equal pro¬
portion of cane sugar is retained in the molasses.
Hence the rule : from the amount of cane sugar
foundby polarisation deduct fivetimes the weight
of ash plus the weight of the invert sugar which
may be présent. The remainder is taken as the
refining value or ' rendement ' o£ the sample.
Thus a sugar showing on analysis

Cane sugar . . . .95 p.c.
Iuvert sugar . . . 2 „

Ash 1 ,,

would, according to the above method, give
95 — (1 x 5 + 2) = 88 p.e. available crystallisable
sugar.

On the Continent a beet sugar giving in this
way a ' rendement ' of 88 is fixed on as a standard
of value, and ail sugars are sold at so much a
degree more or less than this standard.

In the complété analysis of sugars for com¬
mercial purposes the following déterminations
are usually made :

1. Cane sugar, or crystallisable sugar.
2. Uncrystallisable sugar. This includes in¬

vert sugar, as well as any other substances which
reduce Fehling's solution, but which are ail
classed as invert sugar.

3. Minerai matters or ash.
4. Water.
5. Organic matters, not sugar, or unknown

organie matters.
6. Insoluble matters, such as sand, clay>

portions of fibre, &c., if présent.
1, 2, 3, 4 and 6 are generally determined

direct, and after calculating the percentage of
each the différence between the sum of these
and 100 is put down as organic matters not
sugar, and includes certain alkaloids, nitrogenous
bodies, various organie acids, cellulose, gum,
fatty bodies, colouring matters, &c.

Much care should be exercised in the collec¬
tion of samples for analysis, more especially of
the low-class sugars, which contain much mois-
ture and appréciable quantities of insoluble
matters. Of these the analyst should reeeive
at least two pounds weight of each lot to be
tested, and representing as closely as possible
an average sample of the original. Ali lumps
should be well broken up, the whole thoroughly
mixed, and, where practicable, run onee through
a coarse sieve.

The average sample thus obtained is pre-
served in a wide-mouthed bottle, having a well-
fitting stopper.

Détermination of cane sugar. This is deter¬
mined by double polarisation, as already de-
scribed.

Détermination of invert sugar or glucose.
This is best accomplished gravimetrically by
means of Fehling's solution. 10 grms. of the
sample of sugar are carefully weighed out, made
into a 100 c.c. solution, and filtered if necessary.
40 c.c. of Fehling's solution are taken in a beaker
of ,150 c.c. capacity with about 60 c.c. of boiling
and well-boiled distilled water and placed in
another beaker of boiling water, which is kept
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boiling on a sând-bath over a Bunsen. At the
end of five or six minutes, whenthe copper solu¬
tion bas acquired, as nearly as possible, the
température of the surrounding water, exactly
10 o.o. of the sugar solution, measured by means
of an aocuràtely graduated pipette or burette,
are run into the copper solution, and the heating
continued for twelve minutes. Where greater
aoouraey is required, the quantity of sugar solu¬
tion is weighed in a small tared beaker, and the
volume found by dividïng the weight of the
solution by its spécifie gravity. After heating
for twelve minutes, the cuprous oxide precipi-
tated by the reducible sugars présent is filtered
quickly, either through a paper or an asbestos
filter, thoroughly well washed with boiling well-
boiled water, dried, ignited for fifteen minutes,
and weighed. The weight of cupric oxide thus
obtained divided by 2-205, or multiplied by its
reeiprocal -4535, gives the amount of invert
sugar in the quantity taken, from whence may be
calculated the peroentage of invert sugar présent.

Détermination of ash. (a) Total ash. About
5 grms. of the sugar are weighed out into a
platinum dish of about 100 o.o. capaoity, and
well moistened with about twenty drops of sul-
phurie acid (sp.gr. 1-600), and a little ether
poured over the contents of the dish, whioh are
then gently ignited over the Bunsen flame. By
this means a porous carbonised mass is obtained,
whioh is kept at a dull red heat in a muffle until
ail the carbonaceous matter is burned away, and
nothing but a white or greyish-white ash is left.
When a muffle is not available, ignition over a
Bunsen burner answers just as well. The dish
and contents are then allowed to cool and
weighed ; the dish is washed clean of ash, heated
gently, cooled, and again weighed, the différence
between the two being the weight of the sul-
phated ash.

(b) Soluble ash. Where a complété analysis
of a sample of sugar is required, it is, of course,
necessary to know the total amount of minerai
matter présent, but as in some low quality
sugars considérable amounts of insoluble matter
—consisting of clay, sand, carbonate of lime, &e.
—are présent which in the process of defœcation
beoome preeipitated or filtered off and do not
interfère with the crystallisation of the sugar,
it beeomes necessary for the refiner to know the
amount of soluble minerai matter which is
présent, and which does exert an influence on
the crystallisation. For this purpose 50 c.c. of the
solution used for the détermination of the invert
sugar are measured into a platinum dish, about
twenty drops of strong sulphuric acid added, and
the whole evaporated down to complété dryness,
which then beeomes a charred mass. This is
ignited in a muffle or over a Bunsen until ail
the carbonaceous matter is driven off, cooled,
and weighed as before.

(c) Insoluble ash. The différence between
the total and the soluble ash gives the amount
of insoluble ash which may be présent ; or the
insoluble ash may be determined directly as
follows : 20 to 50 grms. of the sugar are taken in
a beaker, about 100 c.c. water added, and the
solution filtered. The residue is repeatedly
washed with water until ail the soluble matter is
completely extracted, collected on the filter, dried,
and ignited.

The addition of sulphuric acid converts the
various salts (phosphates excepted) into sul-
phates, and as the sulphated ash is generally
considered to weigh heavier than the ash ob¬
tained in the ordinary process of carbonisation,
it is usual to deduct 10 p.c. of its weight in order'
to obtain a more correct resuit. This subtrac¬
tion of one-tenth of the weight of the sulphated
ash is generally assumed to answer for beet
sugars, but does not apply in ail cases te
cane sugars, least of ail to the low-class raw
sugars, and where lime salts abound; and,
from an extensive sériés of déterminations
of cane sugar ash, the writer has come to the
conclusion that more accurate results are ob¬
tained by not subtracting one-tenth of its weight
from the sulphated ash. Recently, the results of
other chemists appear to confirm this view (o.
Wiechmann, School of Mines Quarterly, 2,1).

Where alkaline salts are largelyprésent in the
ash, as in beet sugars, it is almost impossible to
completely burn away the last portions of carbon¬
aceous ororganic matter. In such cases the soluble
salts are first extracted from the carbonised
mass with boiling water, the carbonaceous resi¬
due collected on a filter, dried, and well ignited ;
this is added to the aqueous extraet, which is
then evaporated to dryness in a platinum dish,
gently ignited, and weighed.

Détermination of water. In text-books the
method for determining the amount of moisture
présent in any given sample of sugar is some-
what as follows :

Where the sample is of fair quality contain-
ing little or no invert sugar, from 5 to 10 grms.
are weighed out into a flat dish, dried at 100°,C.,
and weighed until constant ; in this case suffi-
ciently accurate results for ail purposes are
obtained.

If the water is to be determined in a moist
sugar or in a syrup, about 2 grms. only of
the sample are taken, mixed up intimately
with about 20 grms. of pure dry sand, and dried
in an oven or air-bath, in which the heat is
gradually carried up to between 95° and 100°C.,
and the drying then continued at this tempéra¬
ture until the weight is constant. The weight
of the sand and dish, deducted from the total
weight, gives the weight of the dry sugar, and
hence the moisture. The above opération may
to a certain extent be hastened by adding a
small quantity of 70 p.c. alcohol to the mixture
of sand and sugar, and drying in an oven at
70-80°C. until the alcohol is nearly driven off,
then moistening thoroughly with absolute
alcohol, drying at 75°C. for thirty minutes, then
at the température of boiling water for an hour,
weighing, and again drying and weighing until
constant.

The cane sugar (and raffinose where présent),
invert sugar or glucose, ash and water having
been determined are added together, and any
différence between the sum of these and 100 is
recorded as ' undetermined organic matters,' or
' other organic matters,' or ' unknown organic
matters ' (Fr., matières indéterminées ; Ger., or-
ganischer nichtzuclcer).

Where much invert sugar is présent, the
hevulose is very liable to undergo décomposition
upon being exposed to so high a température for
so long a time, and hence the results will in-
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variably be too low. In ortler to obviate this,
tbe following method has been devised by the
Writer as being more aceurate and may be ap-
plied to ail classes of sugars as well as to the
other carbohydrates.

From a great many déterminations of the
spécifié gravity of solutions of the ash of raw
andrefined sugars, obtained from widely-diflering
sources, the writer finds that 1 grm. of ash per
100 c.c. of water gives a sp.gr. of 1008. There-
fore, if from the spécifie gravity of the sugar
solution (10 grms. per 100 c.c.) be deducted the
spécifié gravity due to the soluble ash (grms. of
ash per 100 c.c. x 8), and the remainder be
'divided by 3-86, and multiplied by 10, the total
amount of solids per cent., less the ash, is ob¬
tained. To the amount of total solids thus ob¬
tained is added the pereentage of soluble ash.
plus the pereentage of insoluble ash ; the sum,
subtracted from 100, gives the pereentage of
water.

The examples given below show the method
of analysis.

Analyste of jaggery sugar.
Cane sagar. 26-018 grms. were made into

a 100 c.c. solution, deeolourised, filtered, and
polarised in 200 mm. tube at 20°C.

50 c.c. of a similar solution were taken in
a 100 c.c. flask, 5 e.c. 3S p.e. HC1 added, made
up with water to 75 c.c., and plunged into the
water-bath, the température of which was slightly
over 70°C. The température of the sugar solu¬
tion rose in about five minutes to 68°, at which
température it was maintained for five minutes
longer, then taken out, cooled rapidly to 20°C.,
deeolourised, made up with water to containing
mark, filtered, and polarised in 200 mm. tube at
20°C.

Polarisation before inversion . + 78-1
Polarisation after inversion . —21-4

Total .... 99-5

99*5 X 100 rjK A (
= 75-04 p.c. cane sugar.

132-6

Invert sugar, ash, ancl moisture. For the
détermination of these, 10 grms. of the sample
were made into a 100 c.c. solution, and filtered
bright; the sp.gr. = 1036-45.

For the invert sugar, 10 c.c. treated with
Fehling's solution gave -244 grms. CuO (rnean
of two experiments) ; CuO per 100 c.c. = 2-44,
Q-44
— -.> 100 = 11-06 p.c. invert sugar (1 grm.
2-205 1 b \ b
dextrose or invert sugar reduces 2-205 CuO ').

Soluble ash. 50 c.c. were evaporated in a
platinum dish along with 10 c.c. dilute sulphuric
acid to dryness, the charred mass ignited and
weighed ; this gave -123 grms. of ash, which
multiplied by 2 = -246 grms. per 100 c.c., or
2-46 p.c.

Insoluble ash. The residue on the filter,
after being well washed with water, dried,
ignited, and weighed, gave -309 grms, or 3-09
p.c.

1 Herzfeld and other German chemists State that the

oupric reducing power (K) of inverb sugar is somewhat
less than that of dextrose ; but J. O'Suliivan (O. J. 408)
and other English chemists find that the values of K for
botli invert sugar and dextrose are the same.

Water, and other organic matters not sugar.
2-46 x 8 = 1-968 degrees of gravity due to ash ;
this, subtracted from the sp.gr. of the solution,
gives sp.gr. due to total organic matters :

1036-45 -1-96 = 1034-49 -1000 = 34-49,
which divided by 3-86 = 8-935, or 89-35 p.c.

89-35+ 2-46+ 3-10 = 94-91,
and this, subtracted from 100, leaves 5-09 p.c. of
water. The water determined direct by drying
and weighing until constant gave 7'44 p.c., whicli
is undoubtedly too high. The other organic
matters not sugar are obtained by adding the
cane sugar and invert together and subtracting
the sum of these from the total organic solids ;
thus: 75-04 + 11-06 = 86-10, and 89-35-86-10
= 3-25.

The analysis of this sugar will therefore
stand thus :

Cane sugar .... 75-04
Invert sugar .... 11-06
Other organie matters not sugar 3-25
Ash, soluble . . . . 2-46
Ash, insoluble .... 3-10
Water 5-09

Total .... 100-00

Analysis of beet sugar. This sample, ana-
lysed in the same manner as the previous
sample, gave the following results :

Cane sugar .... 87"33
Invert sugar .... none
Other organic matters not sugar 6-27
Ash, soluble .... 2-77
Ash, insoluble .... 0-21
Water 3-42

Total . 100-00

The water determined direct gave 3-10.
The effect of minerai acids (hydrochlorie and

sulphuric) on the spécifie rotation of invert
sugar has already been referred to, and hence
in the analysis of sugars containing an appré¬
ciable amount of invert sugar, and where great
aecuraey is required, Clerget's method of double
polarisation is not applicable, sinee the addition
of the acid increases the laevo- rotation of the
invert sugar already présent in the sample.
Hence the polarisation after inversion would
apparently show more cane sugar to be pré¬
sent than there was in reality. Therefore,
in making analyses of very low-class sugars,
molasses, &c., it is préférable to proceed as fol-
lows. Détermine the total amount of reducing
sugar after inversion by means of Fehling's
solution gravimetrically, from this subtract the
amount of reducing sugar, similarly determined
before inversion, multiply the remainder by
•95 ; the resuit will give the amount of cane
sugar présent.

Analysis of cane molasses (10 grms. per
100 c.c.). Cane sugar determined by Fehling's
solution :

Invert sugar
CuO per 100 e.c. after inversion = 16-1500 = 7-324
CuO per 100 e.c.before inversion = 8-3466 = 3-785

Diff. =]p539
3-539 x -95 x 10 = 33-60 p.e. cane sugar ;

3-785 x 10 = 37-85 p.c. invert sugar.
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Soluble ash per 100 c.c. = -666 ; *666 x 8 = 5-328.
Sp.gr. of solution = 1037'03

Less 5-32

1031-71

and 1031-71 — 1000 = 31-71, -winch divided by
3-86 = 8-2099.

Total organic solids p.c. = 82-10, say.
82-10 —(33-00+ 37-85) = 10-65, organic matters
not sugar. Water =100 —(82-10+ 6-66) = 11-24.

Calculation of rendement. In order to
obtain the 'rendement,' or the net amount of
crystallisable sugar which should be yielded by a
given sample of sugar in the proeess of refining
it is usual to assume the following :

1. That one part of soluble ash prevents the
crystallisation of five parts of cane sugar.

2. That one part of invert sugar prevents the
crystallisation of one part of cane sugar.
Hence in practice from the amount of crys¬
tallisable sugar as determined by the saecha-
rimeter deduct the amount of invert sugar and
five times the amount of soluble ash as found
by analysis; the remainder will be the net
amount of crystallisable sugar or 'rendement.'

Molasses and syrups.

Quotient of purity. The various constitu¬
ées, with the exception of cane sugar, are esti-
mated in the same manner as described under
raw sugar, the cane sugar being estimated by
inversion and Fehling's solution.

The estimation of the quotient of purity—or,
in other words, the estimation of the percentage
of pure sugar contained in the dry substance,
i.e. the total soluble matter if it were deprived of
water—is of much value to the refîner, slîowing at
a glance the proportion of pure sugar to im-
purities in the various stages of the proeess of
manufacture, being altogether independent of
the amount of water which may be présent, the
object of the refiner being not to know how
much sugar is actualiy présent in liis various
liquors, but how pure it is.

This is best determined by dividing the total
solid matters into the percentage of pure sugar
multiplied by 100 ; the amount of total solid
matters is deduced from the spécifie gravity,
and the percentage of pure sugar by polarisation.

Tlie results of analysis stand thus :
Cane sugar .... 33-60
Invert sugar .... 37-85
Other organic matters not sugar 10-65
Ash, soluble .... 6-66
Water 11-24

Total . . . 100-00
The following analyses will give some ielea

of the composition of the various kinds of sugar
to be met with in commerce :—

33. Analysis of Commercial Invert Sugar.
Invert sugar is now manufactured on a very
extensive scale for use in brewing as a partial
substitute for malt, and is sold under the
names of ' invert sugar ' and lœvo-saccharum.'

The analysis of commercial invert sugar may
be effected in a similar manner to that of raw

sugars, with this exception, that the small
quantity of cane sugar (about 2 p.c.) which is
generally présent cannot be accurately estimated
by double polarisation, so that the analysis of
this product does not strictly corne within the
province of saccharimetry. Nevertheless it bas
been deemed expédient for many reasons to
give the method of analysis for it.

For the complété analysis of invert sugar
25 grms. of the substance are weighed out

• in a tared beaker, dissolved in a little warm
water, transferred to a 250 c.c. flask, the rinsings
from the beaker added, cooled down to 15-5°C.,
and made up with water to the containing
mark.

The invert sugar is determined gravime-
trically by means of Fehling's solution, 1 c.c. of
the solution being taken for that purpose.

Cane sugar. 100 c.c. of solution are taken in a
flask having two marks on the neck, 100 c.c. and
llOc.c., 1 c.c. of strong hydrochlorie acid added,
and the neck of the flask twirled rapidly between
the Angers so as to mix the acid with the sugar
solution. The flask is then plunged in a water-
bath at 70°C. In about five minutes tbe tem¬
pérature of the solution in the flask will bave
risen to G8°C., at which température it is main-
tained for five minutes longer, taken out, cooled
down, and made up with water to the 110 mark;
the total invert sugar is then determined gravi-
metrically with Fehling's solution, 1 c.c. being
taken for the purpose, and the resuit multiplied
by il to correct for dilution.

Table IX.—Analyses of Raw and Refined Sugars and Molasses.

Quality of sugar
Cane
sugar

Invert
sugar

Other
organic
matters

Ash,
soluble

Asli,
insoluble Water

1. East India Jaggery 77-35 11-06 0-95 2-46 3-07 5-11
2. West India 82-00 6-79 3-24 2-00 — 5-97
3. China 76-00 11-79 2-60 2-09 0-76 6-76
4. Unclayed Manilla 83-50 3-94 6-39 2-72 0-52 2-93
5. Mauritius ..... 87-20 5-39 2-10 1-57 0-38 3-3G
6. Java 81-06 6-14 6-09 1-93 — 5-81
7. Egyptian 88-62 4-14 0-43 3-13 — 3-68
8. Beet, 75 p.c 92-10 o-oo 0-87 3-08 0-19 3-76
9. Granulated cane .... 99-90 none none trace — trace

10. Tate's crystals .... 99-38 none none 0-10 — 0-52
11. Sugar-house molasses . 43-50 15-20 5-60 10-10 — 30-64
12. Plantation molasses 45-64 20-80 10-58 4-07 — 18-91
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The invert sugar before inversion subtracted
from that fonnd after inversion will give the
amount of invert sugar due to the cane sugar
which may be présent ; this multiplied by "95
gives the cane sugar in the sample.

The ash is determined as for raw sugar,
50 c.c. of solution being taken for the purpose.

The water and other organic matters not
sugar are estimated in the same manner as
described for analysis of raw sugars.

Table X.—Average Composition of Com¬
mercial Invert Szigar.

Invert sugar .... 76-6
Cane sugar . . . .2-5
Other carbohydrates . . 0-9
Ash 2-0
Water 18-0

Total . . 100-0

34. Starch. The estimation of starch, or of
the products of the décomposition of starch, is
etïected in various wavs according to the cir-
cumstances under which they présent them-
selves to the analyst.

Sometimes it will be found convenient to
estimate starch by inversion with diastase,
as in the case of the cereals, at other
times by inversion with acid, and when neither
of these are admissible the starch is usually
determined by différence.

35. Estimation of starch in cereals. For this
détermination O'Sullivan's method (C. J. 45, 1),
which has already been referred to (v. Starch),
is the most accurate. The solution, having been
prepared as directed on p. 590 of this volume, is
proceeded with as follows :

(а) The spécifie gravity is determined at
15-5°C.

(б) The optical activity in 200 mm. tube is
taken, and

(c) The cupric oxide réduction per 100 c.c.
is determined. As the products of décomposition
of starch with diastase can be expressed entirely
in terms of dextrin and maltose, the above
faetors are sufiieient for their estimation. The
following example shows at once the method of
ealculating the results.

Five grms. of barley flour treated as already
described on p. 590, and acted upon with 0-03 grm.
diastase, gave 100 c.c. solution at 15'5°C. having
a sp.gr. = 1010-03 = 2-539 grms. of solid matter,
taking 1003-95 as the sp.gr. of a solution con-
taining in 100 c.c. at 15-5 C. 1 grm. of starch
products.

9-178 grms. of this solution reduced 0-241
grm. cupric oxide, and a layer of it 200 mm. in
length gave a déviation with a Soleil-Ventzke-
Scheibler saecharimeter equal to 21-1 divisions.
These data give

0-241 x 0-7256 (K of maltose G2-5) =0-1748
grm. maltose in 9-178 grms. solution.

100 c.c. solution = 101-003 grms. ; henee
9-178:101-003 : : 0-1748 : x maltose in the 100 c.c.

x = 1-923.

The optical activity of maltose may for the
concentration e = 10, be taken as [a]j = + 154°
(>]„= +139°), and that of dextrin [a]j = +222°
(Md =+ 200-4°). With these values, 1 ç:m. of

maltose in 100 c.c. solution gives a déviation in
a 200 mm. tube with the instrument above
mentioned = 8'02 divisions, and 1 grm. of dextrin
in 100 c.c. in the same length of tube 11-58
divisions. Then
1-923 x 8-02 = 15-422, the activity of the maltose ;
21-1 —15-422 = 5-678, the activity of the dextrin ;
and 5-678 + 11-56 = 0-491, the dextrin in the 100
c.c. solution. Hence

Maltose = 1-923 grms. per 100 c.c.
Dextrin = 0-491 grms. per 100 c.c.
Diastase = 0-030 grms. per 100 c.c.

Total 2-444 grms. per 100 c.c.

Against 2-539grms.asrepresentedbythe sp.gr. ;
leaving 0-095 grms. matter unaccounted for, and
which is due in great part to a amylan. The
maltose and dextrin only are derived from the
starch ; the latter without inerease in weight,
the former with an inerease of 5-5 p.c.—i.e.
1 part of starch yields 1-055 parts maltose.
Hence—

1-055 : 1-923 : : 1 : x starch = maltose ; x
= 1-522 grms. starch.
Then 1-822 grms. starch as maltose.

0-491 grms. starch as dextrin.
Total 2-313 grms. starch from the 5 grms.

barley.
This equals 46-26 p.c. A second experiment

with the same barley gave 46-38 p.c.
36. Starch sugars—Glucose. Ûnder thishead

are included various products derived from
starch by the action of acids, and to which the
same général principles of analysis may be
applied. These products are known in com¬
merce by différent names, according to their
composition and mode of manufacture, and con-
tain dextrose, maltose, and dextrin in varying
proportions according to the conditions of time,
température, and pressure under which they are
manufaetured (v. Dextrose, vol. i. p. 653 ;
Starch, this vol. p. 564).

It has been and is still the custom with many
analysts to report the results of their analysis
of commercial glucose in terms of dextrin and
dextrose only, the latter being deduced from the
cupric reducing power, thereby ignoring the
presence of maltose altogether, a body which is
almost invariably found to be présent in ail
samples of commercial glucose, and consequently
rendering the analysis comparatively worthless
for technical purposes.

In addition to the above carbohydrates, com¬
mercial glucoses generally contain small quan¬
tifies of other bodies which are unfermentable,
and until very lately were supposed to possess
no cupric reducing power and to exert no action
on polarised light ; but recent investigations
show that these bodies possess both cupric
reducing power and optical activity, although
very little more than this has been satisfaetorily
proved up to the présent.

In the following method for the analysis of
commercial glucose the presence of ail organic
bodies other than dextrin, maltose, and dextrose
are ignored, and consequently it cannot be re-
garded as an extremely accurate one, but is cer-
tainly a great improvement on the older mode of
analysis, where ail the cupric reducing power
was attributed to dextrose.
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For ail practical purposes when the spécifie
rotatory power cloes not exceecl [a]D = 55°,itmay
be assumed that dextriu is entirely absent.

For the analysis of glucose by this method
the following déterminations are necessary.

(ffl) Spécifie gravity o£ 10 grms. per 100 c.c.
solution.

(6) Spécifié rotatory power.
(c) Cupric reducing power.
(d) Ash.
(e) Moisture.
25 grms. of the sample are carefully weighed

out in a tared beaker, dissolved in water, trans-
ferred to a 250 c.c. flask, and made up to the
containing mark at 15'5°C.

The spécifie gravity, optical activity in 200
mm. tube, and cuprie oxide réduction in grms.
per 100 c.e. of the solution, are obtained in the
usual manner, as described under section 32.

The moisture may be determined either by
.drying at 100°C. and weighing until constant, or
may be deduced from the sp.gr. as direeted under
-section 32. For the ash 50 c.e. of solution are

sulphated, evaporated to dryness, ignited, and
weighed.

The spécifie rotatory power [a]D of the total
earbohydrates présent is next calculated from
the optical activity ; the cuprie reducing power
(K) is also determined. The percentage of dex¬
trose, maltose, and dextrin may then be calcu¬
lated from these factors by means of the follow¬
ing formulas :

Where dextrin, maltose, and dextrose are

présent
maltose = (M° + 1'42K-195>S'

27-2

dextrose =. ^ — -61m,
100

dextrin = S — (g + m),
where S = total earbohydrates,

g = dextrose,
m= maltose,
d = dextrin.

The above formulas are obtained as follows.
It is assumed that no other organic bodies than
dextrin, maltose, and dextrose are présent.

1. g + m + d = S.
2. 100(7 +film = SE.
3. 52% + 135-4™ +195d = S[o]D.

SE
100

5.'cZ = S-(0+m) = S-(
4. a = — 0-61w.

SE

.100" •■01m +m )

-.-(•g—>
substituting these values for g and d in équation 3 :

52-8(' — --6W) +135-4™U°°
_ )

+ 195[S - (^+ -39w)] = S[a]D
whence équation for maltose as above.

Where only maltose and dextrose are pré¬
sent,

maltose — S(Mp -528E)
103-2 '

dextrose = — -61m.
100

The following ex'amples show the method of
calculation. Analysis of liquid glucose. 10 grms.
per 100 c.c. solution :

Sp.gr. = 1031-15
Correction for ash -17

(1030-98-1000)+ 3-86
= 8-0258 total organic solidmatters per 100 c.c. ;
= 80-26 p.c. ;

optical activity 200 mm. = 21-7 ;
CuO réduction in grms. per 100 c.c. = 9-00 ;

21-7 x 100 nl8g-i.L D
2 x 8-0258

jr _ 9"00 x 100 x *4535 _ .V
8-0258

maltose - (185-1+ 1-42x50-8-195)^
= 36-10;

dextrose =

27-2

1-42 x 50-8

100
•61 x36-10 = 18-75;

dextrin = 80-26 - (36-10 +18-75) = 25-41 ;
ash 5 grms. sulphated gave -0108 = -216 p.c.

say -22 ;
water = 100 - (80-26 + -22) = 19-52.

The analysis stands as follows :
Dextrin
Maltose
Dextrose
Ash
Water

Total

25-41
36-10
18-75

•22
19-52

100-00

In making an analysis of a sample of glucose
by this method, very great care must be taken
to ensure extreme accuracy in the différent
opérations, as very slight différences in the
values of E and [a] cause an appréciable différ¬
ence in the percentage composition. As will be
seen, no aceount is taken of the spécifie rotatory
and cupric reducing powers of what are termed
the other earbohydrates, although there can be
no doubt that when they are présent in appré¬
ciable quantity they must exert to a greater or
less extent some influence on the values of K
and [a].

As a rule, the glucoses made from sago and
rice sent out by the English manufacturers oon-
tain very little or none of these bodies, and,
where care is exercised in the analysis, fairly
accurate results may be obtained by this
method.

In 1882, Wiley (C. N. 46, 175) introduced an
application of Enapp's mercuric eyanide réac¬
tion to the analysis of glucose, and which
apparently gave very reliable results, but the
value of the process is eonsiderably discounted
by the assumption that ' both dextrose and
maltose when treated to saturation with reduci-
ble solutions like mercuric eyanide yield décom¬
position products which are optically inactive,'
and that dextrin under similar circumstances is
unacted upon. This assumption has not yet
been proved, and, therefore, it is hardly neces¬
sary to do more than allude to the process here.

For the analysis of samples containing ap¬
préciable quantities of dextrin, such as dextrin
maltose and glucose syrup, tlie writer has found
the following method give fairly accurate re¬
sults.

The spécifie gravity, optical activity in
200 mm. tube, and cupric oxide réduction in
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grms. per 100 c.c. of a 10 grm. per 100 c.c. solu¬
tion are determined in the usual manner.

150 c.e. o£ this solution are then set to ferment
with 1*5 grms. yeast at 85°F., and as soon as
the fermentation bas entirely ceased, which is
usually at the end of three days, the fermented
liquid is cooled to normal température, a little
alumina cream added, diluted to 300 c.c., and
filtered bright. The optical activity in 200 mm.
tube and the cupric oxide réduction are then
determined. The différence between these before
and after fermentation give data whereby the
dextrose and that portion of the maltose which
hasfermented may be determined; the remainder
of the maltose and the unfermentable dextrin
are also determined in the residue.

This method assumes that ail the dextrose
and a large proportion of the maltose undergoes
fermentation, an assumption which is entirely
borne out by experiment.

The following example will serve to make
the method clear :

Taking the same sample as given above,
10 grms. per 100 c.c. solution.

Before fermentation :
■ Sp.gr. . . =1031-15

Correction for ash -17

(1030-98-1000)-h 3 80
= 8-0258 ; total organic solid matters per 100 c.c.
= 80-26 p.c.; [«]„ = 135-1-, K-50-8.

After fermentation : Optical activity 200 mm.
= 11-00; CuO réduction in grms. per 100 c.c.
= 211 ;

[a] D = 11^191=87-2;
K =

2 x 8-0258
2-11 x 100 x -4535

= 11-9
8-0258

135-1-87-2 = 47-9 = [a]„ of matter fermented.
50-8-11-9 = 38-9 =K of matter fermented.
Then, according to équations,
to,s(Mq--528K) nd SK— .61w-

103-2 y 100
Maltose fermented = 19-46.
Dextrose . . =19-35.

The remaining maltose and dextrin are cal¬
culated from the solution after fermentation as

follows :

CuO per 100 c.c. = 2-11 ; 2-11 x -743 = 1-5677
;grms. maltose per 100 c.c. = 15 67 grms. maltose
p.c.
Total optical activity 200 mm. . . = 14-00
•Optical activity due to maltose

= 1-5677x2-708 . = 4-24

Optical activity due to dextrin . . = 9-76
976*3-9 = 2-5 grms. dextrin per 100 c.c. = 25
grms. dextrin p.c.

Adding the maltose unfermented to the
maltose fermented, 19-46 + 15-67 = 35-13 total
ipaltose p.c., the results then stand as follows :

Dextrin
Maltose .

Dextrose .

Inert carboliydrates
Ash .

Water

Total

25-001
35-13 b
19-35 J
0-78
0-22

19-52

. 10000

The so-called inert carbohydrates are found
by subtracting the sum of the dextrin, maltose,

and dextrose from the total organic matter.
Thus 80-26 - (25-00 + 35-13 +19-35) = 0-78.

A slight différence will be observed between
the above numbers and those obtained by the
preeeding method. There is every reason to
believe that the latter are the more correct.

A method is given by Moritz and Morris
(Science of Brewing,p. 492) in which the spécifie
rotatory and cupric reducing powers of theother
carbohydrates are taken into account. The mode
of proceeding is as follows. The spécifie rotatory
[a]D and cupric reducing power (K) of the sample
are determined before and after fermentation,
and from the data thus obtained the respective
amounts of carbohydrates (dextrose, maltose,
dextrin, gallisin) that are présent may be eal-
culated.

Before fermentation. Reducing power. Take
from 0-1 to 0-2 grm. (1 to 2 c.c. of 10 grms. per
100 c.c. solution), dissolve, and détermine cupric
oxide reducing power in the usual way.

Opticity. Take 10 or 20 grms. of the sample
(10 if a dark sample, 20 if a pale one), dissolve,
and detérmine opticity in the usual way.

Reducing power and opticity after fermenta¬
tion. Take about 10 grms., dissolve in about
50 to 100 c.c. of water, add 1 grm. yeast, and
0-25 c.c. of normal eôld water malt extract. To
th!s is also added 10 c.c. of yeast water to afford
nourishment to the yeast. The yeast water is
prepared by stirring up some yeast (1 part) with
water (10 parts), boiling, and filtering, the iiltrate
only being used.

The fermenting mixture is kept at 80°E. for
three days, then diluted to 200 c.c., a little
alumina added, and the whole filtered. The
reducing power is determined in 10 c.c. of the
filtrate, and its opticity is also determined in a
100 mm. tube. Example :

Reducing power before fermentation. Took
0-1201 grm. of sample; CuO obtained, 0-1747
grm. This is calculated into percentage of dex¬
trose on sample, thus :

0-1747 x 0-4535 x 100
0-1201

= 65-97 p.c. apparent dextrose.
Opticity before fermentation. Took 10 grms.,

dissolved in water, and made up to 100 c.e.
Beading,1 17'4 divs. in 100 mm. tube. This is
calculated into [a]D thus ;,

17-4 x 0-346 x 100
= 60.23 = [a]Dj

Reducing power after fermentation. 10 grms.
taken ; after fermentation, 10 c.c. of filtrate ob¬
tained as previously direeted gave 0-036 grm.
CuO. This is first calculated into dextrose as

a percentage on sample, thus :
0-036 x 0-4535 x 200 x 10 Q „

To = 3-3 p.c.
Opticity after fermentation. Beading in

100 mm. tube, 2-5 divs. This is calculated iuto
[a]D, on sample, thus :

2-5 x0-346x200 „.OT r_.,
— ■ = 17 3 =[o]D.

1 In these estimations a Soleil-Ventzke-Scheibler saccha-
rimeter was used ; therefore, in order to convert the opticity
into angular degrees for ray D, the readings haye to be

. multiplied by 0 316.
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The loss in reducing power and the loss in
optieity after fermentation will be due to the
l'emoval of the fermentable matter, the dextrose
and maltose. Hence :

Beducing power before fermentation 65'97 p.c.
Reducing power after fermentation . 3-30 p.c.

Optieity before fermentation
Optieity after fermentation

62-67 p.c.

. 60-2°

. 17-3°

42-9°

62-67 is therefore the reducing power in
terms of dextrose (K) of the mixture of dextrose
and maltose in the sample ; and 42-9 is the
optieity ([a]D) of this mixture. The relative pro¬
portions of dextrose and maltose can now be
determined by the following simultaneous équa¬
tions, where D and M represent respectively the
dextrose and maltose in 100 parts of the sample.

(1) 100D + 61M =62-67x100.
(2) 52-8D + 135-4M = 42-9 x 100.

These équations give :
D = 56-88.
M = 9-50.

The percentage of dextrose in the sample is
therefore 56-88, and the percentage of maltose
9-50.

The gallisin is found from the reducing
power of the solution after fermentation. The
gallisin, calculated in terms of dextrose, was
3-3. Sinee the K of gallisin is about 45, the true
percentage of gallisin can be found by multiply-
ing the above figure by Ï2? ; thus

45

carbohydrates, 2-07 p.c. The analysis would
therefore stand as follows :

Dextrose .... . 56-88
Maltose .... . 9-50
Dextrin .... . 5-71
Gallisin .... . 7-33
Ash . 1-87
Albuminoids . 1-62
Water .... . 15-02
Inert carbohydrates . . 2-07

100-00

37. Estimation of starch by inversion with

3-3 x 100

45
7-33.

The dextrin is calculated as follows : the op¬
tieity due to the percentage of each of the other
carbohydrates found is calculated, and the whole
added together; the différence between this
number and the optieity of the original sample
will be due to dextrin. Thus—

Dextrose, 56-88
Maltose, 9-50 .

Gallisin, 7-33 .

56-88 x 0-5281 = 29-97
9-50x1-36 =12-93
7-33x0-84 = 0-16

Optieity of original sample
Optieity due to carbohydrates de¬

termined

49-06

60-2°

j. 49-06°
11-14°

The optieity due to dextrin is therefore 11-14°,
11*14

and _—— =5-71 = percentage of dextrin.
l*9o

The déterminations of asli, albuminoids,
water, and inert carbohydrates are carried out in
the same manner as already described.

In this case they came out as follow : ash,
1-87 ; albuminoids, 1-62 ; water, 15-02 ; inert

1 These factors, 0-528, &c., express the optieity an
given by the respective carbohydrates when 1 grm. of eacli
is dissolved in 100 c.c. and the reading taken in the
100 mm. tube.

hydrochloric acid. Where hydrochloric acid is
used for transforming the starch instead of
diastase, the products of the décomposition will
consist of dextrin, maltose, and dextrose. For
the détermination of these the following opéra¬
tions are neeessary :

(а) Spécifie gravity of the solution at 15-5°C.
(б) Optical activity in 200 mm. tube.
(e) Cupric oxide réduction in grms. per

100 c.c.

(d) Fermentation of the solution at 85°F.
(e) Optical activity in 200 mm. of residue.
(/) Cupric oxide réduction in grms. per

100 c.c.

(g) Ash (before fermentation).
Before setting the solution to ferment, the

acid must be neutralised with sodium carbonate.
The analysis is then conducted by one of the
methods described above.

38. Commercial dextrin, or Britisli gum.
In the analysis of commercial dextrin the
following substances have to be determined :
1. Starch. 2. Dextrin. 3. Maltose. 4. Ash.
5. Moisture. 6. Acidity.

The estimation of the portion soluble in cold
water is made by dissolving 25 grms. of the
sample in cold water, transfeïring to a 500 c.c.
flask, making up to the containing mark with
water at 15-5°C., allowing to stand some time,
and filtering.

The dextrin, maltose, and dextrose (if any)
are then determined by any of the methods
already given. Dextrose is generally absent,
and where présent exists in such small quantity
that it may be, for ail practical purposes, re-
garded as maltose, and estimated as such.

The portion soluble in cold water, which con-
sists almost entirely of starch, is well washecl
with water, transferred to a small beaker, and
determined by O'Sullivan's diastase method
(section 35).

In cases where the amount of insoluble starch
is large a correction should be made for the
volume of the same. Taking the sp.gr. of
starch as 1-6, the number of c.c. to be deducted
is found by dividing the amount in grms. of in¬
soluble matter in 25 grms. of the sample by 1-6;
thus the volume to be deducted for 40 p.c. of
starch will be 6-2.

The water may be determined by drying at
105°C., and the ash in the usual manner.

The différence between 100 and the sum of
the maltose, dextrin, starch, moisture, and ash
gives the percentage of the other organic
matters.

39. Détermination of dextrose in diabetic
urine. The polarimeter may be very usefully
applied to the détermination of dextrose in the
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urine of diabetic patients, and although the
résulta are not . quite so aecurate perhaps as
those obtained gravimetrically with Fehling's
solution, owing to the presenee of other optically-
active bodies, as welî as of bodies, which, al-
though themselves inactive, yet exert a certain
influence on the rotatory power—for instance,
acetone, which is sometimes présent, increases
the rotatory power to a slight extent, whilst, on
the other hand, urea, ammonium salts, and
phosphates decrease the rotatory power slightly
(Pribram, M. 9, 395)—nevertheless, as a means
of recording comparative results, the polarimetric
method is exceedingly convenient and fairly re-
liable. 100 c.c. of the urine are taken, and if
not already acid should be rendered slightly so
with acetic acid, and heated to boiling, cooled,
made up to volume with distilled water, and
filtered bright, thenpolarised in a 200 mm. tube,
and the readings recorded daily or from time to
time.

40. Examination of honey. Genuine honey
consista principally of invert sugar (about
65-80 p.c.), the other constituents being water,
wax, pollen, minerai matters, organic acids,
&c. The analysis of honey may be performed
in a manner similar to that given for invert
sugar; frequently cane sugar, glucose syrup,
molasses, and invert sugar are added as adul¬
térants. These may, however, be readily de-
teeted by a careful examination of the sample
by means of the polarimeter and Fehling's solu¬

41. Starch sugar or glucose is frequently
added in America as an adultérant to sugar-house
molasses, syrups, preserved fruits, &c. Accord-
ing to Casamajor (C. N. 44, 205), the presenee of
glucose in sugar-house molasses may be easily
detected by the saecharimeter. When the syrup
has the usual density of about 40°B., and when
starch sugar has been added in the usual pro¬
portions, 20-048 grms. of the sample are made
into 100 c.c. solution and polarised. This should
show a percentage not higher than the number
of Baumé degrees indicating the density—for
instance, cane sugar molasses of 40°B. has the
following composition :—

Sugar 37-5
Soluble impurities . . . 37-5
Water 25-0

If direct polarisation should indicate 55 p.c.
of sugar, and if the molasses were unadulterated,
the composition would be, according to this :—

Sugar 55
Soluble impurities. . . .20
Water ...... 25

tion combined. Another means by which adul¬
tération may be detected is by causing a solution
of the sample to undergo fermentation by the
addition of yeast, and polarising the residue.
The residue from the fermentation of genuine
honey does not show a greater spécifie rotatory
power than about 2° either to the left or right.
By this means the addition of starch sugar can
be readily detected. Hehner (An. 9, 64) re-
eommends, in testing the genuineness of honey,
to détermine the moisture and the reducing
sugars, botli before and after fermentation.
According to him, the amount of moisture in
genuine honey should not exceed 23 p.c., and
the amount of reducing (invert) sugar should
not be sensibly greater after inversion than
before ; also, after fermentation with yeast the
total solid matters, less the p.c. of unfermented
reducing sugar, should not exceed 5 p.c. The
polarisation after fermentation should equal 0, a
lœvo- rotation indicating that the honey liad
become crystalline in the comb, whilst a dextro-
rotation points to adultération with starch
sugar. When this is the case, dextrin should
be looked for with the alcohol test, and sulphurie
acid (from the sulphate of lime always found to
be présent in commercial glucose) tested for
with barium chloride. Neither alcohol nor barium
chloride should give any appréciable amount of
preeipitate with genuine honey. The following
table shows the différence between the genuine
and adulterated article.

But a produet of this composition would not
be a elear syrup at 40°B., but a mixture of
syrup and erystals. Therefore, if the pro¬
duet is a clear syrup at 40°B., and it polarises
55 p.c., this cannot eonsist entirely of cane
sugar.

As a check, however, upon this, it is best to
resort to double polarisation, when the presenee
of starch sugar may be placed beyond a doubt
in an adulterated sample.

Crystallised glucose, or glucose, freed from
moisture and reduced to powder is sometimes
inixed in comparatively large proportions with
refined sugars. This may be detected by double
polarisation. For instance, a sample of dry
sugar which showed 97 p.c. by direct polarisa¬
tion after inversion gave a reading of only - 9-8,
instead of —31-5, were the sugar unadultera¬
ted ; from these numbers the percentage of cane
sugar would appear to be 80 p.c. As the sugar
was praetically dry, the différence between 80
and 100 may be taken to represent the quantity
of starch sugar which had been added.

Taule XI. Analyses of Genuine and Adulterated Honey (Hehner).

—

I.
Moisture

p.c.

II.
Glucose

p.c.

III.
100 -(I.

+ IL)

Glucose
p.c. after
inversion

Polarisation
of 10 p.c.
solution in
saechari¬

meter

Glucose
p.c. after

fermenta¬
tion

Polarisation
of 10 p.c.

solution in
saecharimeter

after
fermentation

Total solid
matters
p.c. after
fermenta¬

tion

G-encine Honey
Narbonne . 15-09 73-46 11-45 73-60 + 1 div. 1-89 + 2 5-75
American orange

blossom . 17-33 70-94 11-73 70-87 — 2 — — —

English 21-04 64-50 14-40 64-54 0 „
— — —

English 18-37 68-65 13-48 68-30 + 1 » 2-3G + 2 6-29
Adultekated 17-54 48-45 34-01 48-33 + 50 „ 902 + 30 31-45
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42. Èxamination of chocolaté, candies, de.,
confectionery for cane sugar. The èxamina¬
tion of tkese substances is made with a

view to detecting any adultération of tlie
cane sugar entering into tlieir composition with
starch, sugar, or honey. The following instruc¬
tions for the èxamination of these substances
have been issued by the Association of Officiai
Agricultural Chemists, U.S.A. (y. G. N. 66, 94).

The Soleil-Ventzke saccharimeter is used in
the sucrose déterminations.

In ail cases where the substance to be ex-

amined contains no otker optically active bodies,
the direct polarisation will give accurate results.
If such are présent—as, for instance, glucose, in¬
vert sugar, maltose, dextrin, peetinous bodies —
the application of the polariscope becomes un-
certain, and only in a few cases, which will be
given below, can somewhat reliable results be
obtained.

As regards the préparation of the solutions
the following must be remembered :—Material
which consists mostly of sucrose, and leaves only
a small residue on being treated with water, can
be weighed out in the dish, and the solution
immediately transferred to the sugar flask.
When the substance, however, contains much
insoluble matter, the latter should not be washed
into the flask, as the volume of the sugar solu¬
tion in such a case would be less than 100 c.c.

In this case the residue must be separated from
the solution by filtration and wasliing. Gene-
rally, the sugar solution isnot quite transparent,
and must be treated with some clearing agent.
The solutions serving this purpose are :—

1. Lead acetate, of which from 1 to 10 c.c.
are mixed with the solution, and the latter fil-
tered after standing from fifteen to thirtyminutes.

2. Lead acetate with subséquent addition of
alum or aluminium sulphate, the lead sulphate
formed carrying down the foreign matter.

3. Aluminium hydrate in the form of a thin
paste, of which several c.c. are shaken with the
solution.

4. Tannie acid, to precipitate albuminous
substances. This must beexaminedbeforeband
with regard to its optical activity.

5. Charred blood or bone-black, to remove
colouring matter, § to 1 grm., are added to the
liquid.

In some cases this clearing is diffieult, and
the method best adapted must be determined by
previous experiments. For solutions prepared
from candies the pasty aluminium hydrate is the
best médium.

When, as is often the case, invert sugar is
présent, the resuit of the direct polarisation will
be too low, on account of the left-lianded rota¬
tion of this sugar. In such a case Clerget's in¬
version method must be applied to find the cor¬
rect p.c. of sucrose.

If the liquid is coloured, it is shaken with 4
to 1 grm. of bone-black, and filtered through a
double filter. It is then polarised in a 200 mm.
tube, which is provided with a thermometer. As
the rotatory power of invert sugar is much in-
fluenced by the température, this factor must be
regarded. The reading is best talcen at 20°C.,
and the température accurately determined.
The reading must also be doubled on account of
the dilution of the liquid.

To calculate percentage of sucrose (B) the two
readings are added together, the sum (S) rnulti-
plied by 100, and divided by 132-6.

If very much invert sugar is présent, both
the direct and indirect readings must be taken
at the same température.

43. Chocolaté. Weigh out in a German silver
dish 13-024 grms. of the rasped chocolaté, moisten
with alcohol (to aid the solution in water), add
30 c.c. of water, and heat for ten to fifteen minutes
on the water-bath. Filter while warm into a 100
to 110 c.c. flask, using a folded filter, any turbidity
of the filtrate not being of any conséquence.
The residue on the filter is washed with bot
water until the filtrate amounts to about 100
c.c. Five c.c. of lead acetate are then added,
the liquid allowed to stand fifteen minutes, and
a few drops of alum solution and some moist
aluminium hydrate added. The liquid is then
made up to 110 c.c., shaken well, and filtered
through a folded filter. Slight moistening of
the filter will aid filtration, but the first 25 c.c.
of filtrate should then be rejected. The polari¬
sation should be increased by one-tenth and
then doubled.

44. Candies and Confectionery. (a) Dragées
(seeds or kernels coated with sugar and flour).
26-048 grms. are covered in a beaker with
40 to 50 c.c. of water, and allowed to stand,
stirring now and then, until the mass is
completely saturated. If the liquid shows an
acid reaction, some precipitated calcium car¬
bonate or a few drops of ammonia are added.
The larger particles are now separated by
filtering through cloth, the filtrate being col-
lected in a 100 to 110 c.c. flask. The residue
on the filter is washed with cold water until
about 100 c.c. of the filtrate have accumulated.
Some aluminium hydrate is then added to clear
it, the solution made up to 100 c.c. with water,
and about half a grm. of bone-black added in
case the liquid is coloured. It is then allowed
to stand half-an-hour, with occasional shaking.
The solution is finally filtered through a dry
folded filter.

A preliminary test for invert sugar is made
with Fehling's solution, and the liquid analysed
accordingly. Dragées almost always contain
invert sugar.

(6) Raffinade wafers (cane sugar, with ethe-
real oils and colouring matter). 26-048 grms.
dissolved in water, made up to 100 c.c. in flask,
and, if necessary, decolourised with bone-black.
A preliminary test for invert sugar must always
be made, and the analysis directed accordingly.

(c) Santonin wafers (worm wafers, cane
sugar, with santonin and some agglutinant, as
egg albumen). 13-024 grms. dissolved in a 100
c.c. flask (the santonin being insoluble), 5 c.c. of
lead acetate added, with a few drops of alum
solution, the solution allowed to stand some
time, with occasional shaking, made up to 100
c.c., and filtered.

(d) Dessert bonbons (fondants, pralines,
chocolaté bonbons, consisting of cane sugar or
invert sugar, serving as a covering for marma-
lade, fruit, or chocolaté). 13-024 grms. are treated
with water and a few drops of ammonium hy¬
drate until dissolved. If only a slight residue
remains, the whole can be immediately trans¬
ferred to a 100 c.c. flask, otherwise it must first

IRIS - LILLIAD - Université Lille 1



SÛGAIÎ. 667

ie'filter'ed. One-half of the liquid is inverted,
the other polarised directly after having been
cleared by means o£ aluminium hydrate in a 50
,to 55 c.e. flask.

(e). Marzipan masse (cane sugar, with eruslied
almonds). 13-024 grms. material are triturated
in a porcelain mortar with cold water, then mixed
in a flask with 50 c.c. of water and about 30 c.c.

of pasty aluminium hydrate, well shaken, and
filtered into a 200 c.c. flask. The residue on the
filter is washed with water until the filtrate
amounts to 200 c.c. As this candy contains no
invert sugar, the solution can be polarised
directly in the 200 mm. tube, the reading being
multiplied by 4 to correct for the dilution.

(/) Cakes and sweetened pastry. 26-048
grms. of the powdered material are mixed in a

■ flask with about 75 c.c. alcohol (85 to 90 p.c.)
and allowed to stand half an hour in a warm

place. It is then filtered through a fine cloth
filter, and the residue washed several times with
alcohol. The filtrate is eollected in a porcelain
dish, aiid heated on the water-bath until the
alcohol lias ail been driven off. One half grm.
bone-black is then added, and the solution fil¬
tered into a 100 c.c. flask. 50 c.c. are used for
inversion, the remainder polarised directly.

(g) Sugar-coated and preserved fruits (mar-
malade, compotes, jellies). A considérable
amount of invert sugar and pectinous bodies
are always présent. The aqueous solution of
the latter has no rotatory power. If the material
is solid in consistence, a crushed or finely-cut
average sample must be prepared. 13-024 grms.
are then mixed with 30 to 50 c.c. of water, and
a few drops of ammonium hydrate (to neutralise
any free vegetable acids), and allowed to stand
several hours. It is then passed through a cloth
filter into a 100 or 200 c.c. flask, the residue
washed several times with hot water, and about
10 c.c. of aluminium hydrate and one half-grm.
bone-black added to the filtrate. It is then
■shaken and made up to the mark. After filter-
ing, the filtrate is polarised accordingto Clerget's
inethod.

Fruit jellies and marmalade are analysed in
■a similar manner.

If the sucrose in the articles enumerated
under section 44 g were calculated by the
formula—

100SB =

142-6-« '
there would only be obtained the percentage
présent at the time of analysis. The acids of
the fruit have, however, converted a large
amount of the cane sugar originally used into
invert sugar. The original percentage of cane
sugar can be calculated from the reading of the

, inverted solution. If this reading is referred to
26-048 grms. material dissolved in a 100 c.c. and
polarised in a 200 mm. tube, the following re¬
lations will hold if the above figure be ealled B :

A solution of 26-048 grms. of cane sugar in
100 c.c. has, after inversion, at the température
t" the left-handed rotation 42-6 — «. The
amount of cane sugar corresponding to the ob-
served polarisation B can thus be calculated by

■ the proportion—
42-6 - it : 26-048 = B : ^8"848 ,2 42-6 - U.

and this is contained in 2G'048 grms. of the
material used. Therefore the original per¬
centage r of cane sugar can be calculated from
the second proportion.

26-048 : S.'048 ",B = 100 : r
42-6 ït

whence-
100 B

42-6-«
If 13-024 grms. substance were used and the

solutions polarised at exactly 20°C., then the
following formula is more accurate :—

100B

42-6 - 10
= 3-067 B.

45. Liquors. The percentage of sugar in
liquors is generally expressed as grms. per litre.

Every liquor must be previously tested for
invert sugar by means of Fehling's solution. If
no change occurs upon heating, cane sugar only
is présent ; a yellow or red precipitate indicates
the presenee of other sugars.

Liquors which do not contain invert sugar
may be polarised directly in the 200 mm. tube,
being previously decolourised with bone-black if
necessary. If a high percentage of sugar is
présent, the polarisation must be made in the
100 mm. tube.

The presenee of the alcohol has no influence
on the reading. The ethereal oils which are
présent, although optically active, exist in
such small quantities as to be without in¬
fluence. The grms. per litre (B) are found,
when A is the reading in a 200 mm. tube, by
K = 2-6048A.

When invert sugar is présent the alcohol
must be removed, as it materially changes the
rotation of this sugar.

Fifty c.c. of liquor are measured into a porce¬
lain dish and evaporated to about one-half the
volume on a water-bath. If the liquid has an
acid reaction, a few drops of ammonium hydrate
must be added before heating it. The residue is
washed into a 100 c.c. flask and made up to the
mark with water. One-half is then polarised
directly, the other after inversion. Both solu¬
tions may have to be decolourised with bone-
black.

Supposing—
V = number of c.c. used for analysis,
A = direct reading,
B = reading of inverted solution (both read

in 200 mm. tube),
t = température of inverted solution when

polarised,
then the grms. of cane sugar (B) in a litre may
be calculated from the formula—

■n _26-048(A-B)
'

(142-6-«)¥'
where, when the direct reading was +, the in¬
verted reading —, the différence A - B becomes
A + B.

If the température was exactly 20°C.—
B= 196-4 A + B.

In the case of liquors in which the addition of
fruit juiees may have caused inversion of a part
of the cane sugar originally added, the origi¬
nal percentage of cane sugar is then calculated
from the inverted reading just as for candied
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fruits. The grms. of cane sugar (r) per litre are
found from

26-048B , , „n0

r=W-6-W' ' '
26-048B B

32-6V V'
40. Analysis of wine. Natural wine is the

completely fermented produet of the pure must
from particular growths, without any addition
of foreign material.

Made up or mixed wine is a completely fer¬
mented mixture of uncertain origin obtained by
the addition of différent kinds of grapes or must
to stronger wine, or by the addition of sugar
and the employment of certain processes.

Artifieial wine is a vinous drink prepared
with the partial or complété exclusion of grape
juice.

In the complété analysis of a red wine, the
sp.gr., alcohol, extract, ash, glycerin,unfermented
sugar, total acidity, potassium bitartrate, free
tartarie acid, malic aeid, succinic acid, acetic
acid, sulphate of lime, sulphuric acid, added
sugar, phosphoric acid, colouring matter, sali-
cylic acid, and nitrogen would be estimated.

Such an exhaustive examination as this is
but rarely carried out, and only for some spécial
purpose, for since wine lias now undoubtedly
become a produet of manufacture, the aim of the
producer being to keep the alcohol and extrac-
tive matters fairly constant from year to year,
and with this object in view having recourse
when neeessary to the addition of artifieial must,
as well as saccharine and other matters, the
practical bearing of some of the constituents now
found in wine lias become exceedingly doubtful,
so that the complété examination of a wine ac-
cording to fixed analytical methods and data
lias become alinost an impossible, as well as a
tedious and unnecessary, task. So that for ail
practical purposes, the following déterminations
suffîce.

The original gravity, from whieh may be
deduced the percentages of alcohol, extractive
matters, and the spécifie gravity of the must
prior to fermentation. For the method of deter-
mining the original gravity v. section 49,
Analysis of beer.

Glycerin. According to Allen (Commercial
Organic Analysis, p. 80), this is best done as
follows : 100 c.c. of the sample of wine are
evaporated to one-third in a porcelain dish,
slaked lime added till the liquid is slightly
alkaline, and the evaporation completed. The
residue is boiled witli rectified spirit, which dis¬
solves the glycerin and leaves the succinic aeid
and sugar as insoluble lime compounds. The
alcoholic solution, when filtered and evaporated
cautiously, leaves the glycerin in a nioderately
pure state. In wines adulterated with starch
sugar, and in other cases if accurate results are
required, the glycerin obtained as above should
be dissolved in absolute alcohol, and the
filtered solution treated with 1J measures of
ether. Certain impurities are precipitated by
this menstruum, and the filtered solution on
evaporation leaves the glycerin in a state of
tolerable purity. Pure Ithenisli and French
wines tested by this method show a proportion
of glycerin ranging from 0'7 to 1-3 p.c., and as

the ratio of alcohol to glycerin in genuine wine
is tolerably constant, the method sometimes
serves for the détection of added alcohol or

glycerin, or the récognition of the sample as
factitious.

From the results obtained by Fresenius and
Borgmann (Zeit. Anal. Chem. 22, 46) in the
analysis of certain pure wines, white and red.
The average mutual relations of some of the
constituents were found to be as follows :

Alcohol to glycerin = 100 :10'5.
Ash to extractives = 1:112.

From a number of experiments, Borgmann
concludes that the proportion of glycerin to
alcohol in pure wines is never less than 7'8 to
1,000.

The ash, the détermination of which in a
wine is useful as afl'ording indications of the
addition of certain minerai salts, is carried out
in the usual way, 50 c.c. of wine being taken for
the purpose.

In wines which have been ' plastered ' (Allen,
Commercial Organic Analysis) much of the acid
potassium tartrate is converted into free tartarie
acid, the proportion of potassium sulphate being
correspondingly increased. In unplastered wine
the sulphates, calculated as K,SO„ do not exceed
0-58 grm. per litre. By the French law, the
proportion of sulphates calculated as potassium
sulphate is limited to 2 grms. per litre, a
régulation which is intended to prevent an ex¬
cessive use of plaster.

In white wines the sulphates may be esti-
mated directly by precipitating 100 c.c. with
barium chloride after the addition of hydro-
chloric acid, heating to boiling, filtering, igniting,
and weighing the precipitate as barium sulphate.
In the case of highly-coloured wines Allen re-
eommends the addition of a slight excess of
lime-water to 100 c.c. of wine, diluting to 200
c.c., filtering through a dry filter, and precipita¬
ting the sulphates in 100 c.c. of the filtrate,
after acidulation with hydrochloric aeid.

Sugar. The unfermented sugar in genuine
wine is wholly glucose or invert sugar, and is
présent in very small proportions, causing a
déviation of not more than 1° or 2° on the sac-

charimeter either to the right or left, but more
usually to the left. For the détection of cane
sugar added to wine subséquent to fermentation,
or of glucose added to the must, the polarimeter
may be very usefully applied. For this purpose
150-200 c.c. of the liquicl under examination
are taken and deeolourised by means of animal
charcoal or basic lead aeetate, and the optieal
activity taken in 200 mm. tube at the same t,ime.
The reducing sugar is determined in the usual
way, by means of Fehling's solution. The sac-
eharimetric examination may reveal one or other
of three conditions.

(a) The déviation may be to the right, or (b) to
the left, or (c) there may be no déviation, accord¬
ing to the nature and relative quantities of
carbohydrates in solution, such as cane sugar
and invert sugar, or dextrin maltose and dex¬
trose (from commercial glucose). It is not
usual to find ail of these sugars présent in any
one sample of wine, as either cane sugar or
glucose may have been added, but never botk
together.
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Tlie relative proportions of these sugars
may be determined as follows : 50 c.c. of
the wine (previously decolourised) are in-
troduced into a 100 c.c. flask, 1 c.c. hydro-
chloric aeid (sp.gr. 1-090) added, and water to
about 75 c.c., the mixture is then plunged in
a water-bath at a température of 70°C., at
which température it is maintained for ten
minutes, then taken out, cooled down quickly,
and made up to the containing mark witk dis-
tilled water at 15-5°C. and polarised. Any cane
sugar that may have been présent will have
been inverted, and may he determined according
to the Herzfeld-Clerget formula, or by means of
Fehling's solution. Of course, no différence in
rotation will indicate the absence of cane sugar.
In this case the reducing sugar, if any, will be
due to unfermented glucose, a certain amount
of which is probably derived from the original
must, the remainder being due to commercial
glucose or starch sugar added at some stage of
the manufacture, the amount of which may
be calculated by any of the methods given for-
commercial glucose, due allowance, of course,
being made for the amount of unfermented
reducing sugar naturally présent in the wine.
lVlien starch sugar lias been added, the wine
will always show a dextro- rotation in the sac-
charimeter, so that if cane sugar lias been proved
to be absent it may safely be concluded that
the dextro- rotation is without doubt due to
starch sugar.

47. Aiialysis of malt, malt wort, and beer. In
addition to the starch contained in malt there
exist also the ready-formed sugars, cane sugar,
maltose, dextrose, and lœvulose, organic acids,
certain nitrogenous bodies, and minerai salts, ail
of which become soluble in both cold and hot
water.

In most of the existing methods of analysis
the presence of these ready-formed sugars in
malt, amounting to about 12 p.c., is altogether
ignored, so that a sériés of errors is thereby
introduced which for ail practical purposes
renders such analyses utterly worthless. A more
reliable method, and one most nearly approach-
ing to accuracy, is the one introduced by
Héron a few years ago (S. C. I. 7, 259), and which
is based upon the investigations of O'Sullivan
upon the starches and sugars of the cereals
(C. J. 45, 1 ; 49, 58).

This method talces cognisance of the ready-
formed sugars in malt, and shows how they may
be determined with at any rate a close approxi¬
mation to accuracy, and provides for an exceed-
ingly accurate means of determining the exact
proportions of maltose and dextrin derived from
the starch contained in the malt during the pro-
cess of mashing.

The principle of the method is as follows : A
cold-water mash of the malt is first made ; this
extracts from the malt the ready-formed sugars,
the acids, the soluble nitrogenous bodies, and
the soluble minerai salts, colouring matters, &c.,
the various proportions of which can. be then
estimated.

The malt is next maslied with hot water
under standard conditions. The wort from this
will contain, in addition to the products derived
from the starch, ail the bodies soluble in cold
water, so that by subtracting from the total solids
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contained in the solution from the hot mash ail
those contained in the cold mash, the remainder
will obviously be only the products derived from
the starch during the proeess of mashing. For
the complété analysis of a sample of malt by
this method the following opérations are neces-
sary :

• I. Préparation of liot-watcr mash.
Détermination of—
a. Spécifie gravity.
b. Optical aetivity in 200 mm. tube.
c.. Cupric oxide réduction in grms. per 100 c.c.

II. Préparation of cold-water mash.
Détermination of—
а. Spécifie gravity.
б. Optical aetivity in 200 mm. tube.
c. Cupric oxide réduction in grms. per 100 c.c.

before inversion with invertase.
d. Cupric oxide réduction in grms. per 100 c.c.

after inversion with invertase.
c. Total nitrogen.
/. Ash.

III. Détermination of moisture.
The mode of procédure is as follows :
Cold-water mash. 50 grms. of finely-ground

malt are carefully weighed out and introduced
into a beàker, 500 c.c. of distilled water at
15-5°C. are poured upon it, the whole well stirred
up and set aside to digest in the cold for about
tlîree hours, occasionally agitating the mixture ;
at the end of this period, the mash is thrown
upon a filter ; the filtrate does not usually corne
through bright at first, therefore it must be
retumed on the filter until it does, or it may be
passed through fresh filter-paper.1 100 c.c. of this
solution will contain ail the constituents of 10

grms. of malt other than the starch products—
that is to say, the various sugars already présent
in the malt—such as dextrose, lœvulose, maltose,
and cane sugar ; it will also contain the various
soluble albuminoids, acids, minerai salts, colour¬
ing matter, &c.

Bot-wat,er mash. 50 grms. of the same
finely-ground malt are carefully weighed out and
introduced into a flask graduated to contain 515
c.c. ; water, at a température of 72°C., is added
until the mixture in the flask equals about 450
c.c. The température of the resulting mash,
which at first may be about 64-65°C., runs
up in a minute or two to 66°C., at which tem¬
pérature it must be maintained for one hour in
a water-bath at 66°C., furnished with a Page's
regulator, so as to keep up a constant and un-
varying degree of heat. "Whilst this is going on,
300 c.c. of the cold mash are also digested for
one hour at the same température. It will be
well to note that immediately the filtration of
the cold mash is finished, it ought to be trans-
ferred without delay to the digester, as, if left
lying about too long in the laboratory (say over
night), it is apt to become decomposed through

1 Xt is absolutely necessary that this filtrate constituting
the cold-water malt extract should be perfectly bright, the
turbidity being usually caused by very minute starch
grains, which, if allowed to remain in the liquid, would
during subséquent heating become dissolved and converted
into dextrin and maltose, and so interfère to a certain
extent with the necessary corrections to be applied to the
hot mash, as will be seen more clearly later on.
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bacterial fermentation. As soon as the hot
mash is completed, the flask is taken out of the
digester and cooled down to 15-5"C., made up
with distilled water to the containing mark, well
shaken up, and thrown on a linen filter, so as to
strain the liquor off. 300 e.c. of this are next
transferred to a hoiling flask, raised quickly to
boiling, and kepfc so for fully fifteen minutes, so
as to coagulate albuminous matter &c.

On cooling it is made up again to exactly 300
c.c. and filtered bright.

At the same timethe cold mash is also raised
quickly to boiling-point, and kept boiling for the
same tflne as the wort from the hot mash, cooled
down, made up to volume with water, and
filtered bright.

Both solutions are now ready for analysis.
The spécifie gravity, optical activity in 200 mm.
tube, and cupric reducing power per 100 c.c. are
determined for both the hot and cold water
mashes. The amount of cane sugar in the cold
mash is also estimated by inversion with inver-
tasein themanner as described under section 31,
and when a very complété analysis is required,
the ash, albuminoids, and acid as lactic acid, are
determined in the cold mash ; the moisture con-
tained in the malt is also estimated.

Hot mash filtrate contains 10 grms. of malt
extract per 100 c.c.

Sp.gr, = 1027-52
Optical activity 200 mm. — 16-3

CuO reduced in grms. per 100 c.c. = 6-575
Cold mash.

Sp.gr. = 1008-72
Optical activity 200 mm. = 1-8

CuO reduced in grms. per 100 c.c. = 1-6
From these data may be calculated the starch
products. The degrees of gravity of the cold
mash subtracted from the degrees of gravity of
the hot mash give the degrees of gravity due to
the products of the transformation of the starch
contained in the malt. Thus

1027-52-1000 = 27-52
1008-72-1000= 8-72

18-80 = degrees of gravity
due to starch products only.

18-8 =-3-86 = 4-8705 grms. of solid matter
(dextrin and maltose) per 100 c.c.

Optical activity 200 mm. = 16-3 — 1-8 = 14-5
due to starch products.

CuO per 100 c.c. = 6-575 -1-6 = 4-975 = CuO
reduced in grms. per 100 c.c. by starch products.

As this can be due only to maltose, the dex¬
trin having no reducing power, the amount of
maltose in grms. per 100 c.c. is arrived at as
follows :

1 grm. dextrosè reduces 2-205 grms. CuO,
and as maltose has only the ^ths reducing
power of dextrose, therefore 1 grm. maltose
reduces — x 2-205 = 1-345 ; hence 4-975=-l-345

100
or multiplied by its reciprocal -743 = 3-6964 grms.
maltose per 100 c.c.

Having obtained the maltose, the dextrin is
next calculated from the optical activity. From
Table VI. it will be seen that 1 grm. maltose
per 100 c.c. observed in 200 mm. tube = 2-708
angular degrees for ray D. Similarly 1 grm.
dextrin per 100 c.c. = 3-9.

Hence 3-6964 x 2-708 = 10-01, ôpticity due to
3-G964 grms. maltose per 100 c.c. This, sub¬
tracted from total ôpticity of starch products,
gives ôpticity due to dextrin 14-5 — 10-01 = 4-49,
and this, divided by 3-9 = 1-1513 grms. dextrin
per 100 c.c.

Therefore a hot mash made from the sample
of malt in question gave

3-6964 grms. maltose per 100 c.c.
1-1513 „ dextrin „ „

4-8477 grms. total starch products per 100 c.c.
It will be noticed that there is a slight différ¬

ence between the number obtained in this
manner and that derived from the spécifie
gravity.

Bysp.gr =4-8705
By direct analysis . . . 4-S477

Différence .... -0228

This is due to the fact that the ash and
albuminoids extracted in the cold mash are

always slightly lower than the amount of these
bodies extracted in the hot mash.

It has been observed by the writer that this
différence varies very considerably with différent
malts, and may be regarded to a certain extent
as 'an index of the quality of the malt : the less
this différence the bette! the quality of the malt.
Very bad malts, as a rule, show a large différence,
sometimes amouuting to as much as -3 grms.
per 100 c.c.

Having determined the amount of dextrin
and maltose in the hot mash, the amount of
starch may easily be arrived at, if thought
necessary.

Attention may now be turned to the con-
stituents of the cold mash. It will be seen

already that this solution possesses both optical
activity and cupric oxide reducing power, both
of which are derived from sugars already présent
in the malt, and which havein great measure been
derived from the starch during the process of
germination of the barley on the malting iioors.

These sugars have been found by O'Sullivan
(C. J. 49, 58) to consist of cane sugar, maltose,
dextrose, and lœvulose in varying proportions.
Taking the mean of the results obtained by
O'Sullivan from the analyses of over twenty
samples of malt from various sources, the
following numbers are obtained :

Cane sugar.
Maltose
Dextrose
Lsevulose .

Total .

4-40
3-15
2-25
1-10

10-90

The only one of these sugars which may be
determined with any degree of aceuracy is cane
sugar, by means of inversion with invertasé ;
the others can only be arrived at indirectly, as
follows. It is assumed that the average value for
K (cupric reducing power) is represented by a
number calculated from the averages given for
the reducing sugars already formed in the malt ;
from the numbers given above this is found to
be K = 81. Therefore, 1 grm. of ready-formed
reducing sugars in malt will reduee an amount
of CuO équivalent to x 2-205 = 1-786.
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In the sample of malt given as an example,
the CuO reduced in grms. per 100 e.c. in the cold
înash was l'6. Therefore, 1*6 + 1*786 or multi-
plied by the reeiproeal of this *56 = *896 grms.
reducing sugars per 1Û0 e.c.

The amount of cane sugar is found by inver¬
sion by means of invertase (see section 31). In
this case the amount of CuO reduced in grms.
per 100 c.c. in the cold mash after inversion
was 2*653
CuO reduced in grms. per 100 c.c.

in same before inversion . 1*600

Différence . . . = 1*053

This multiplied by *4535 = *4775 grms. invert
sugar, wliieh multiplied by *95 = *4536 grms.
cane sugar per 100 c.c. in cold mash.

Ash. 50 e.c. of the cold mash were evapo-
rated to dryness, ignited, and weighed. Weight
of ash = *0549 grms. = *1098 grms. per 100 c.c.

The nitrogen in 20 c.c. of cold mash deter-
mined by Kjeldahl's method amounted to *0119
grms. ; per 100 c.c. = *0595 grms. ; this multiplied
by 6*25 = *372 grms. albuminoids per 100 c.c.

The total acid in malt, which is generally ex¬
presse! in terras of laetic acid, may be deter-
mined in the cold mash, 100 c.c. being taken
for the purpose.

In the présent instance 100 c.c. required
11*5 — ammonia and 11*5 x *0045 = *0517 grms.

20
acid per 100 c.c.

The results of the examination of the cold
mash stand as follows :

Sp.gr = 1008*72
This corrected for gravity due to

ash *1098 x8. . . .= *87

Sp.gr. corrected . . = 1007*85
This divided by 3*86 = 2*0337 grms. per 100 c.c.
total organic solid matters.

Cane sugar . . = *4536 grms. per 100 c.c.
Other sugars. . = *8960 „ „

Albuminoids

(N x 6*25) . =*3720 „ „

Acid as lactic acid = *0517

1*7733

This subtracted from 2*0337 leaves *2604 grms. of
other organic matters. A portion of this con-
sists in ail probability of nitrogenous matter, as
it is now well known that the factor 6*25 for
calculating the nitrogen of malt into its corre-
sponding albuminoid is far from correct, and is
only used for want of a more accurate one.
Another portion of this différence would no
doubt consist of reducing sugars, this being
greater or less according to the extent to which
the proportion of these sugars in the malt
differed from the standard set up. There is no
doubt that certain other bodies are présent in
malt in addition to those already mentioned,
about which nothing whatever is known at
présent. .Perhaps a more correct method of
arriving at the amount of the ready-formed
sugars in malt would be by eliminating them
by fermentation. This matter is at présent
under considération.

Moritz and Morris (Science of Brewing,
472) arrive at the amount of ready-formed sugars
by subtracting the sum of the albuminoids (de-
rived from total nitrogen multiplied by 6*3),
ash and lactic acid from the total solids obtained
by dividing the sp.gr. of the cold mash, less
1000, by 3*86. But in the opinion of the writer
much greater errors are introdueed by this
method than by the one given above.

Thd moisture is determined by drying the
malt at first for twenty-four hours in vacuo over
sulphurie acid, and then in a current of dry air
at 100°C. until a constant weight is obtained.
With the malt in question *5 grms. gave
•1175 = 2*35 grms. p.c. The pereentage of the
various constituents are readily obtained by
multiplying grms. per 100 c.e. by 10.

The complété analysis of the malt will then
stand as follows :—

Dextrin 11*51
Maltose ..... 36*96
Cane sugar .... 4*53
Other ready-formed sugars . 8*96
Unknown bodies . . . 2*60
Albuminoids (cold mash) . 3*72) „Q.
Albuminoids (hot mash) . 0*23 )
Acid as laetic acid ... *52
Ash 1*10
Moisture ..... 2*35
Grains (insoluble matter) by diff. 24*52
Spécifié rotatory power of wort

[a]D 114*3
From an analysis such as the above much

useful information may be derived as to the
charaeter of the malt.

The cane sugar and the other ready-formed
sugars are high, showing the grain to have
been highly germinated. As a natural sequence
to this the diastatio activity also is high, as
shown by the comparatively low dextrin per¬
eentage as well as low spécifie rotatory power.

48. Analysis of malt wort. No very accurate
process can be applied to the complétéexamination
of malt wort ; neither is it very necessary that such
an examination should be rnade, for in the usual
course of opérations in a brewery the analysis
of the various malts from which the wort is pro-
duced, as well as of the resulting beer, furnish a
sufficient amount of information to the brewer
as to the charaeter of his wort, more especially
if the mash in the laboratory is carried on at the
same température, and under as similar condi¬
tions as it is possible to obtain for it, as the mash
on the large scale in the brewery. There is,
however, one point in connection with malt wort
which is of some interest to the brewer, and
that is its spécifie rotatory power, for from this
may be derived, by inference, some knowledge
as to the probable composition of his wort, any-
way so far as the stareh products are coneerned.
For it has been found by experience that a wort
which polarises high prior to fermentation gene¬
rally produces a highly dextrinous, full-flavoured
beer, whilst the very opposite holds for a low
polarising wort. In order to obtain an accurate
idea of the polarimetrie indications of malt wort,
this must be submitted to polarisation after it
has been boiled up with hops in the copper.

During the boiling a large proportion of the
albuminoids has been precipitated, and the
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dextrin percentage will have been fixed, so that
the wort at this stage affords a very good index
as to the dextrin percentage of the beer produced
from it.

Boiling with hops removes a portion of the
albuminoids, whilst a small quantity of hop ex¬
tract is added ; at the saine time a slight altéra¬
tion occurs in the carbohydrates other than those
derived from the starch, probably being the in¬
version of a part of the still unacted-on cane
sugar by the acid of the wort at boiling tempéra¬
ture. But practically the actual composition of
the starch products in the wort is unaltered by
boiling with hops.

Where some form of glucose or saccharine is
used in the brewing, it is obvious that for pur-
poses of analysis the sample of wort must be
taken from the copper before such sugar is
added.

The sample, about one pint, is eooled down
to 15-5°C., a drop or two of finings added,
stirred up well, let lie 15 minutes or more, and
filtered. The filtrate is generally bright, but too
dark in colour for polarising. This may be got
over by diluting to one-lialf, or one-fourth, with
distilled water, or by decolourising by nieans of
lead acetate and animal charcoal.

The tube is then filled with the decolourised
wort, placed in the polariscope, and the dévia¬
tion read off in angular degrees or divisions, as
the case may be. At the same time the spécifie
gravity of the wort is taken by means of the
bottle, or by a gravimeter. The spécifié gravity
— 1,000 divided by 3-86 gives the number of

grms. of solid matter per 100 c.c. of wort ; the
spécifie rotatory power may then be ealculated
by means of the formula—

For instance, a sample of wort, sp.gr. = 1046-1,
containing 11-943 grms. solid matter per 100 c.c.,
gave a rotation «D = 28-4,

,, n r -, 100« 100 x 28-4 - - „ „therefore [«]„= = = 119-0.1 J
2c 2 x 11-943

This is the spécifie rotatory power of this wort
for ray D, or with the transition tint, using a
Soleil-Ventzke-Scheibler instrument.

Deflection in 200 mm. tube = 82.

«j = 82 x-384 = 31-488

M] = 100x 31-488 = 131-8.L JJ 2 x 11-943

This number, viewed in conjunction with
other factors, is capable of throwing a great deal
of light, not only upon the diastatic activity of
the malt, but upon the behaviour of the fer¬
mentation as well as the composition of the
finished beer. For instance, of two worts brewed
under exactly similar conditions, but from différ¬
ent malts, it is found that one polarises
higher than the other, whence it may reasonably
be concluded that one of these worts contains
more dextrin and less maltose than the other—
that is to say, the malt from whieh it was brewed
possesses less diastatic power than the other.
For example, of two malts A gave [a]„ = 122*7 ;
B, a later malt, gave [a]D = 115-0. The beers
(pale aies) from these malts, on being analysed

just after racking, had the following composition
ealculated in p.c. on original wort matter .-—

-

Matter
fermented Maltose Dextrin

Undeter-
mined w.

A
B

53-7
65-1

15-0
12-4

20-7
12-1

io-e
10-4

122-7
1150

It will be observed that B lias a much lower
spécifie rotatory power than A, consequently the
beers from B will be less dextrinous than those
from A. Analysis shows this to have been the
case. During fermentation also, B, the one con¬
taining the more maltose, attenuated more
rapidly than A and to a lower degree.

In order, therefore, to produce a beer from B
as nearly similar as possible to A, the mashing
température for B must be raised until the worts
from copper polarise same as A, when it will be
found that the resulting beers will partake more
or less of the same character as those of A.
Henee it will at once be pereeived that by means
of the polarimeter one lias perfeet eontrol over
mashing heats, and necessarily over the fer¬
mentations and the character .of the finished beer.

This method of polarisation of wort may be
considerably shortened if carried on systemati-
cally from day to day, or at stated intervais, by
diluting the wort with water until the spécifié
gravity is exactly 1040 as read off with a delieate
saccharometer or gravimeter, adding a few drops
of finings, filtering bright, polarising, and noting
the reading. By this means the taking of the
spécifie gravity with the bottle and calculation
of [a]D may be dispensed with altogether. The
question naturally arises, What reading on the
polarimeter ought a normal wort to give ? This
can only be answered satisfactorily by the brewer
himself, as that class of beer which may be ex-
tremely popular in one part of the country may
be just the reverse in another. No wort, how-
ever, ought to give a lower angle on the half-
shadow polarimeter than 21° in the 200 mm.
tube for a sp.gr. = 1040 ; this corresponds to 60-7
divisions on the transition tint instrument of
Soleil-Ventzke-Scheibler.

Very dark-coloured beer worts, as well as the
worts of porters and stouts.must be decolourised
previous to polarisation. This is aeeomplished
with bleaching solution. 50 c.c. of the sample are
transferred to a 100 c.c. flask, and a sufficient
quantity of bleaching solution added until the
liquid is sufficiently decolourised, sulphurous
acid added, and the flask made up to the con¬
taining mark with water. If much gas is dis-
engaged during the process, so as to form a
persistent froth, this may be got l'id of by the
addition of a few drops of ether. Since the liquid
is diluted one-half, the reading must be doubled
to get the correct angle.

49. Analysis of beer. In making an analysis
of a sample of beer, it is advisable that the sample
should be drawn from the cask shortly after
time of racking, or, at any rate, before the
secondary or cask fermentation has eommenced.

The following déterminations are usually
made :

a. Original gravity.
b. Spécifie gravity.
c. Sugars fermented.
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<ï. Maltose unfermented.
e. Dextrin unfermented.
/. Albuminoids.
g. Acid, free and volatile.
h. Ash.
Original gravity. By the term ' original

gravity ' is meant the spécifie gravity of the boiled
hopped wort when collected in the fermenting
vessel, for the levying of duty according to the
Inland Revenue Act of 1880, and prior to fer¬
mentation by yeast.

Wlien the wort is submitted to the action of
yeast the carbohydrates other than those derived
from starch are first of ail attacked and split up
into alcohol and carbonic acid, and afterwards the
greater portion of the maltose derived from the

It will be seen from the above that sligbtly
less than 50 p.c. of the solid matter has dis-
appeared during fermentation. The disappear-
ance of this solid matter represents the loss of
so many degrees of gravity, and will correspond
approxiihately to the production of an équivalent
amount of alcohol and carbonic acid. It is there-
fore possible by experiment to find the amount
of solid matter which has disappeared during
fermentation, and corresponding to a given
quantity of alcohol présent in the finished beer,
and lience the number of degrees of gravity lost,
so that by adding the number to the spécifie
gravity of the residue left after distilling off the
alcohol from a given bulle of beer and making
up with distilled water to the original volume, it
is possible to arrive at the spécifie gravity of the
wort prior to fermentation, i.e. the original
gravity of the beer. A very elaborate sériés of
experiments with this object in view has been
carried out, and the methods of determining the
original gravities of beer worts liave been very
cavefully investigated by Graham, Hofman, and
Redwood (Report on Original Gravities, 1852).

The method usually adopted, as the resuit of
their experiments, for determining the original
gravity of beer is as follows :

A given measure of the beer, generally 100
c.c., is taken at normal température (15-5°C.)
and transferred to a distilling flask, the measur-
ing flask being well rinsed out with distilled
water and the rinsings added to the beer in the
distilling flask, which is then connected with a
good condenser and the beer distilled. The dis-
tillate is collected in a 100 c.c. flask. When the
distillate has reached nearly to the neck of the
flask, the distillation is stopped, the distillate

Vol. III.—T

transformation of starch during the process of
mashing. The growth of the yeast removes
a portion of the albuminoids and some of
the fermentable sugar. So that there remains
in the beer, when the first stage of the fermenta¬
tion is over and it is fit to be racked off into casks,
the alcohol derived from the splitting up of the
fermentable sugars by the action of yeast, as
well as a portion of carbonic acid, the whole of
the dextrin, a considérable portion of the maltose
and of the albuminoids, hop matter, and other
bodies generally classed as undetermined (Valen-
tine, Jour. Soc. of Arts, 24, 404).

The following analyses of malt wort at vari-
ous stages will show the changes which take
place :—

cooled down to 15-5°C., made up with distilled
water to the containing mark, shaken well up,
and its spécifie gravity taken in the usual
manner. The residue in the distilling flask is
allowed to cool, transferred to a 100 c.c. flask,
the distilling flask being rinsed out with a little
distilled water two or three times and added to
the residue, which is then made up to the con¬
taining mark with distilled water at 15-5°C. and
its spécifié gravity determined. From the numbers
thus obtained the original gravity is ealculated
as follows :

The spécifie gravity of the distillate sub-
tracted from 1,000 gives what is called the
' spirit indication,' and from this, by means of a
table constructed for the purpose, may be found
the number of degrees of gravity lost during
fermentation, whence may be obtained the
original gravity of the beer by adding this
number to the spécifie gravity of the residue.

Table XIII. has been constructed on the as-

sumption that during fermentation certain acids,
équivalent to one part of acid in 1,000 measures
of beer, are produced, and which for convenience
are ail reckoned as acetic acid, so that in deter¬
mining the original gravity of beers containing
about this amount no correction for acid is
necessary. But when a beer has become very
acid through âge or other causes a certain allow-
ance must be made for the acid contained in it,
since the acid has been formed at the expense of
an équivalent quantity of alcohol, and during
distillation that portion of the acid which is
volatile (acetic acid) will distil over with the
alcohol, and give rise to errors in the détermina¬
tion of the original gravity. It becomes neces¬
sary, therefore, to neutralise the acid before

XX

Table XII.

100 parts by measure contaiu TJnboiled wort After boiling with hops Finished beer

Maltose G-G6 6-66 1-52
Dextrin 3-44 3-44 3-44
Other carbohydrates (ready-formed 1 4-78 4-80 1-00

sugars of malt) /
Albuminoids 1-45 1-05 0-06
Hop extract — 0-33 0-33
Ash ....... 0-17 0-27 0-24
Non-volatile products of fermentation — — 0-47

Total 16-50 16-55 7-66
Alcohol, sp.gr. 992 ....

— — 4-48
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Table XIII. Spirit indication with corresponding âegrecs of gravity lost in malt worts by the
' Distillation Process.'

1 "° •1 ■2
.

•3 •4 ■5 •6- ■7 •8 ; -9

0 •3 •6 •9 1-2 i-5 1-8 2-1 2-4 2-7
1 30 3-3 3-7 4-1 4-4 4-8 5-1 5-5 5-9 6-2
2 6-6 7-0 7-4 7-8 8-2 8-6 9-0 9-4 9-8 10-2
3 10-7 11-1 11-5 12-0 12-4 12-9 13-3 13-8 14-2 14-7
4 15-1 15-5 16-0 16-4 16-8 17-3 17-7 18-2 18-6 19-1
5 19-5 19-9 20-4 20-9 21-3 21-8 22-2 22-7 23-1 23-6
6 24-1 24-6 250 25-5 26-0 26-4 26-9 27-4 27-8 28-3
7 28-8 29-2 29-7 30-2 30-7 31-2 31-7 32-2 32-7 33-2
8 33-7 34-3 34-8 35-4 35-9 36-5 37-0 37-5 38-0 38-6
9 39-1 39-7 40-2 40-7 41-2 41-7 4-2-2 42-7 43-2 33-7

10 44-2 44-7 45-1 45-6 46-0 46-5 47-0 47-5 48-0 48-5
11 49-0 49-6 50-1 50-6 51-2 51-7 52-2 52-7 53-3 53-8
12 54-3 54-9 55-4 55-9 56-4 56-9 57-4 57-9 58-4 58-9
13 59-4 60-0 60-5 61-1 61-6 62-2 62-7 63-3 63-8 64-3
14 64-8 65-4 65-9 66-5 67-1 67-6 68-2 68-7 69-3 69-9
15 70-5 71-1 71-7 72-3 72-9 73-5 74-1 74-4 75-3 75-9

distillation. Tkis is best done by adding
enough carbonate of soda to render tbe beer very
slightly alkaline.

Tbe total acidity must be determined in a
fresb portion of beer, 100 c.c. being taken for
tbe purpose, and titrated witb " ammonia solu-

2

tion, using neutral litmus paper as an indicator.
The percentage of. total acid in tbe beer having
been determined, tbe necessary correction is
made for it by reference to a table for corre¬
sponding loss of spirit indication, and the num-
ber so found is added to the spirit indication
dedueed from the alcobol obtained by distillation.

Table XIV. For ascertaining the value of the acetic acid.
Excess p.c. of
tlie acetic acid

in tlie beer
Corresponding degrees of spirit indication

•00 •01 ■02 •03 •04 •05 •06 ■07 •08 ■09
•0 — •02 ■04 •06 •07 •08 •09 •11 •12 •13
•1 •14 •15 •17 •18 •19 •21 ■22 •23 •24 •26
•2 •27 •28 •29 •31 •32 •33 •34 •35 •37 •38
•3 •39 •40 •42 •43 •44 •46 •47 •48 •49 •51
•4 •52 •53 •55 •56 •57 •59 •60 •61 ■62 •64
•5 •65 •66 •67 •69 •70 •71 •72 •73 •75 •76
•6 •77 •78 •80 •81 •82 •84 •85 •86 •87 •89
•7 •90 •91 •93 •94 •95 •97 •98 •99 1-00 1-02
•8 1-03 1-04 1-05 1-07 1-08 1-09 1-10 1-11 1-13 1-14
•9 1-15 1-16 1-18 1-19 1-21 1-22 1-23 1-25 1-26 1-28

1-0 1-29 1-31 1-33 1-35 1-35 1-37 1-38 1-40 1-41 1-42

The following estimation of the original
gravity of beer vvhich had gone decidedly acid
serves as an example :
Extractive . . . . . =1013-30
Distillate . . . 990-15

Spirit indication . . 9'85
Spirit indication derived

from acid . . . = -93

Total spirit indication = 10-78
Equivalent degrees of gravity = 47'90

Original gravity = 1061-20
Total acid 100 c.c. required 24 c.c. ^ ammonia.

= 0-72 grms. acetic acid per 100 c.c.
= -93 spirit indication.

In order to obtain the respective amounts of
volatile and free acid, 100 c.c. of beer are evapo-
rated to dryness on the water-bath, the residue

dissolved in water, and titrated with " ammonia.
This gives the fixed acid, which, dedueted from
the total acid, leaves the volatile acid. The
fixed acid is usually calculated as lactic, and the
volatile as acetic, acid. In the example already
referred to, 100 c.c. of the beer after evaporation
required 8 c.c. ^ ammonia

= 0-36 grms. lactic acid per 100 c.c.
Volatile acid = ammonia required for total acid
less ammonia required for fixed acid
= 24 c.c. —8 c.c. = 16 c.c. = 0-48 grms. acetic acid
per 100 c.c.

The optieal activity in 200 mm. tube and
cupric oxide réduction in grms. per 100 c.c. are
next determined, and from these may be calcu¬
lated the amount of unfermented maltose and
dextrin in the residue.

The albuminoids and ash are determined as
for malt wort.
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The following analysis o£ a pale aie will
illustrate the method :

Original gravity.
Sp.gr. of residue . . = 1024-85
Sp.gr. of distillate . . = 991-4

1000 — 991-4 = 8-6 spirit indication,
and from Table XIII. this corresponds to 37-0° of
gravity lost during fermentation. This, added
to the sp.gr. of the residue, gives the original
gravity or the sp.gr. of the wort from which this
beer was produced prior to fermentation.

1024-85 + 37-0 = 1061-85.
37-0=3-86 = 9-5855 grms. per 100 c.c. of matter

fermented.
Optical activity in 200 mm. tube = 13-4.

Cupric oxide réduction in grms. per 100 o.c.
= 2-55.

From these data may be calculated the rela¬
tive amounts of unfermented dextrin and maltose
in the residue. The CuO, being entirely derived
from the maltose, is multiplied by -743, which
gives the maltose présent in grms. per 100 c.c.
2-25 x -743 = 1-8946 grms. maltose ; 1-8946 x 2-708

• = 5-13 optical activityper 100 c.c. due to maltose ;
13-4-5-13 = optical activity due to dextrin
= 8-27, which divided by 3-9 = 2-1205 grms. dex¬
trin per 100 c.c.

The number of degrees of gravity lost,
divided by 3-86, gives the number of grms. of
solid matter per 100 c.c. which have disappeared
during fermentation.

Total Nitrogen, 10 c.c. of beer gave -009 grms.
= -09 grms. per 100 c.c.

Ash,-50 c.c. of beer gave -2027 = -4054 grms.
per 100 c.c.

The sum of the unfermented maltose, dextrin,
albuminoids, and fixed acid subtracted from the
total organic solids leaves the matters undeter-
mined, consisting of hop extract, colouring
matter, glycérine, and other products of fer¬
mentation, &c., thus :

Sp.gr =1024-85
Correction for ash,

•4054 x 8 . = 3-24

1021-61-1000 ~ 3-86
= 5-6000 grms. organic solids per 100 c.c.
Maltose (unfermented) in grms. per

100 c.c 1-8946
Dextrin in grms. per 100 c.c. . . 2-1205
Albuminoids (N x 6-25) . . . 0-5625

4-5776
This subtracted from 5-6000 leaves 1-0224

,grms. undetermined matters.
The complété analysis expressed in grms.

per 100 c.c. stands thus :
Maltose (unfermented) . 1-8946
Dextrin .... 2-1205
Albuminoids . . . 0-5625
Undetermined . . . 1-0224
Ash 0-4054

Total solid matters . 6-0054

It is usual to state these results as percent-
ages on the total solid matters contained in the
original wort. In tliis case the original gravity
of the beer was found to be 1061-85 ; this cor¬
recte! for ash, 1061-85-3-24 = 1058-61, which,
less 1000 and divided by 3-86, gives 15-1839

grms. organic solid matters per 100 c.c. Adding
the ash to this, the total solid matters per 100 c.c.
présent in the wort before fermentation are found
to be 15-5893 grms.

Therefore, multiplying each of the con-
stituents of the extractive by 100, and dividing
by 15-5893, the results of analysis calculated as
percentages on the original wort solids are ob-
tained.

Matter (fermented) . . . 61-48
Maltose (unfermented) . . 12-15
Dextrin ..... 13-60
Albuminoids (N x 6-25) . . 3-61
Undetermined organic matters . 6-56
Ash 2-60

Total .... 100-00

50. Perhaps this part of the article on wort
and beer analysis would hardly be complété
without referring to the existence of the so-ealled
amyloïns or maltodextrins in malt wort and beer.

According to Brown and Morris (Trans. Lab.
Club, 3, 81), a normal beer, when racked, con-
tains little or no free maltose, the apparent
maltose in the beer existing for the most part
as maltodextrins, which require to be degraded
before they become fermentable. On storage,
dégradation gradualiy takes place under the
influence of the secondary yeast forms ; free
maltose is produced, and fermentation starts
once more.

The following methods for the estimation of
these bodies in malt, in wort, and in beer are
given by Moritz and Morris (Science of Brewing,
p. 477, 481, 504).

The principles of the methods to be employed
are these : first, the free maltose and other fer¬
mentable sugars are fermented away ; the reducing
sugar remaining after fermentation will then be
due to maltose, locked up as maltodextrin, and
to certain other substances, partly caramélisation
products, and partly salts of organic acids, which
are unfermentable and unaffected by diastase.
A correction is made for these substances. The
wort is then degraded with a diastase solution
(cold-water malt extract), by means of which the
whole of the maltodextrins become eonverted
into maltose. The inerease in the amount of
maltose so produced will then give, on calcula-
tion, the amount of dextrin originally locked up
as maltodextrin. This, added to the maltose
previously found as maltodextrin, gives the total
amount, and the ratio of one to the other will
give the type of maltodextrin.

(a) Détermination of Maltose in Maltodex¬
trins. 50 c.c. of the hot-water mash (prepared
as before described) are ' pitched ' with 0-25
grm. yeast, and the fermentation allowed to
proceed at 80°F. for 72 hours. The mixture is
then made up to 200 c.c. and filtered bright ;
25 c.c. of the filtrate are now taken for the
détermination of the cupric reducing power.
In order to arrive at a suitable correction
for the reducing bodies previously mentioned,
another 50 c.c. of the hot-water mash are set to
ferment with the same amount of yeast, to which
is added 0'25 c.c. of a normal cold-water malt
extract. The conditions of fermentation are

precisely the same as before described. At the
expiration of the fermentation the mixture is
made up to 200 c.c., filtered bright, and 25 c.c.
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of the filtrate taken for tlie détermination of the
cupric reducing action. The cold-water malt ex¬
tract will convert the whole of the maltodextrins
into maltose, which will ferment away dnring
theprocess of fermentation. The reducing action
in this case will therefore be entirely due to the
reducing substances previously referred to, and
if this réduction be subtracted from that obtained
in the case of the first fermentation the différence
will be due to the combined maltose only.

Example. 50 c.c. of the hot-water mash were
fermented as above, and 25 c.c. fermented fluid
gave 0'032 grms. CuO ; 50 c.c. of the same
mash were similarly fermented with the cold-
water extract, and 25 c.c. of the fermented liquid
gave O'OIO grm. CuO. The réduction due to com¬
bined maltose is therefore 0-032 —0-10 = 0-022

grm. CuO. This calculated into the eorrespond-
ing amount of maltose (by multiplying by 0-743)
gives the figures 0-010340 maltose in 25 c.c. ; or
in 100 c.c., 0-0732. This is the amount in
100 c.c. of the diluted solution (50 c.c. diluted to
200 c.c.). Therefore, in 100 c.c. of the original
hot-water mash the amount of maltose in the
maltodextrins would be 0 0732x4 = 0-29 grm.
On the malt, therefore, the percentage of com¬
bined maltose is 2-90.

(b) Détermination of Dextrin in Maltodex¬
trins. 25 c.c. of the hot-water mash are taken,
and 2-5 c.c. of normal cold-water extract are

added. The whole is digested for one hour at
130°F., then cooled, diluted to 100 c.c., and
10 c.c. taken for the détermination of the cupric
reducing action. The reducing action of 1 c.c.
of the cold-water extract is taken, after first
diluting to about 10 c.c., and then digesting for
one hour at 130°F.

Example. The total reducing action of the
hot-water mash from a given sample of malt
was 0-292 grm. CuO per 5 c.c. ; or on 100 c.c.,
5-84 grms. CuO.

In the above détermination of dextrin in
maltodextrin 10 c.c. of the hot-water mash, after
dégradation and dilution, gave 0-17 grm. CuO.
From this may be at once subtracted the CuO
due to the malt extract used. By a preparatory
détermination 1 c.c. is found to yield 0-08 grm.
CuO, and the 10 c.c. of hot-water mash used
above will contain one-fourth of this, or 0-02.
After correction for the cold extract, 10 c.c. will
therefore give 0-17 — 0-02 = 0-15; 100 c.c. of the
diluted extract will therefore give 1-5 grms. This
corresponds to 25 c.c. of original wort ; 100 c.c.
of original wort will therefore give 6-0 grms.
CuO.

Now the same amount of original wort pre-
vious to dégradation gave 5-84 ; the increase due
to dégradation of combined dextrin is, therefore,
0-1G. This is calculated into dextrin by multi¬
plying by the factor 0-706, 0-1(3 x 0-706 = 0-11
grm. To calculate this on 100 parts malt, rnul-
tiply by 10. The malt therefore yields 1-10 p.e.
of dextrin as maltodextrin. It lias been pre¬
viously found that the combined maltose on 100
parts malt is 2-90 ; the combined dextrin is 1-10.
The total maltodextrin is therefore 4-00 p.c.
From theprevious analysisthe total maltose was
found to be 31-35 p.c. Of this, 2-90 is com¬
bined; the balance (28-45) will be free. The
total dextrin was 13-44. 1-10 of this is com¬

bined ; the balance (12-34) will be free, or stable,

dextrin. The full results will therefore be (ou
100 parts of malt) ;

Maltose (free) .... 2S-45 p.c.
Dextrin (free) .... 12-34 „

,, ,, , , . f 2-90 maltose 1 . nnMaltodextrins ^ ^ dextrin j 4-00 „

Tliese figures are generally calculated and
stated on 100 parts of solid matter in the wort,
so as to exclude the various faetors of moisture
and grains. In this case the wort solids were
65-64 p.c. The required resuit may be obtained
by multiplying the previous figures by 100 and
dividing by 65-64. The free maltose, free dextrin,
and maltodextrins will therefore in this case be—

Maltose (free) .... 43-19 p.e.
Dextrin (free) .... 18-80 „

Maltodextrins { £*§ } 6-10 „
It will be noted that the maltodextrins pro-

duced from the sample of malt under the mash-
ing conditions adopted approximate closely to
tlle '! 1D } type'

Préparation of Normal Malt Extract. 400
grms. of ground pale malt are mixed with a litre
of distilled water, to which 5 c.c. of chloroform
bave been added. The malt is allowed to soakfor
48 hours. The malt is then strained off, and the
solution filtered bright. The chloroform pré¬
serves the solution from décomposition for
about a fortnight. When no chloroform is used
it lias to be made fresh each time, and this néces¬
sitâtes determining afresh the necessary correc¬
tion for the reducing power due to the carbo-
hydrates dissolved in cold water. Preserved
with chloroform, the same corrections apply
until the solution becomes turbid. Directly tur-
bidity makes its appearance another solution
must be prepared, and the correction again
determined. The mode of determining the cor¬
rection for the reducing sugars in the solution
lias been given.

Détermination of Maltodextrins in Wort.
(a) Détermination of Combined Dextrin.

2 c.c. of wort are taken for the total cupric
reducing action. Amount of CuO yielded, 0-30
gnn.

20 c.c. of the wort are now digested with 2-5
c.c. of normal cold water extract for one hour at
130°F. The mixture is then cooled, diluted to
100 c.c., and 10 c.c. of the diluted liquid taken
for the détermination of the reducing power.
This amount of degraded and diluted wort gave
0-34 grm. CuO. From this must be subtracted
the correction for cupric reducing action of cold
extract (1 c.c. = 0-08 grm. CuO).

From 0-34 is therefore subtracted 0-02, giving
0-32. The CuO on the same quantity of original
wort (2 c.c.) was 0-30. The increase is, therefore,
0-02, due to dégradation of combined dextrin on
100 c.c. ; the increase will be 0-02 x 50 = 1-00
grm. CuO équivalent to combined dextrin
1-00 x 0-706 = 0-706 grm.

(b) Détermination of Combined Maltose.
50 c.c. of the wort are ' pitched ' with 0-25
grm. yeast ; another 5 c.c. treated in the same
way with yeast, and 0-25 c.c. malt extract added.
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Both worts are fermented in the manner

previously deseribed. Aiter fermentation, both
are diluted to 200 c.c., filtered, and 25 c.e. of each
taken for the détermination of cuprio reducing
action.

Reducing action of wort without diastase on
above quantity, 0-13 grm. CuO. Reducing
action of wort with diastase, 0-07 grm. CuO.
Réduction due to combined maltose, O'OO grm.
CuO.

To caleulate this on 100 c.c. of original wort,
O'OO is multiplied by 16 ; CuO from 100 c.c. of
original wort will, therefore, be 0'9G grm. CuO.
The combined maltose will therefore be (on 100
c.c. wort) 0'9C x 0-743 - 0-71 grm. Tire combined
maltose and the combined dextrin in 100 c.c. of
wort are now known ; to caleulate these on the
wort solids, the results are multiplied by 100,
and divided by the solid matter per 100 c.c. (1C'24
grms.). Combined maltose on 100 parts of
wort solids will therefore be 0'71 x and

16-24

the combined dextrin 0'706 x -255..
16'24

The results, therefore, stand (on 100 parts of
wort solids) :

Maltose in maltodextrins . . 4-37
Dextrin in maltodextrins . . 4'34

Total maltodextrins

Type

8-71
1M
1D

Détermination of Maltodextrin ; Dextrin;
Fermented Sugars ; and Fermentable low type
Maltodextrins (apparent free Maltose) unfer-
mented in Beer. For this the following estima¬
tions are required.

Total cupric reducing power. Take 5 c.c. (2
to 3 c.c. for very strong beers and 10 c.c. for very
weak beers) and détermine cupric reducing power
on Fehling's solution in the usual way.

Opticity. 50 c.c. of the beer are taken, a
little alumina added, the whole diluted to 100
c.c., filtered, and the opticity determined in the
usual way in a 100 mm. tube.

Dégradation by malt extract. 50 c.c. of beer
are evaporated to about half its bulk, and trans-
ferred to 100 c.c. measuring flask, 5 c.c. of cold
water extract (normal strengtli) added, and the
whole digested at 125°F. for one hour. It is
then cooled, diluted to 100 c.c., and the reducing
power determined in 10 c.c.

The cupric reducing power of the cold water
malt extraet is estimated in 1 c.c., and the figure
thus obtained is applied as a correction.

Fermentation. 50 c.c. of the beer are

evaporated to about 25 c.c., diluted to about 100
c.c. with cold water, and about 0'25 grm. yeast
added. Ferment for 72 hours at 80°F. ; then add
some alumina, dilute to 200 c.c., filter, and esti-
mate the cupric reducing power in 25 c.c. of
filtrate.

To correct the above for the non-degradable,
unfermentable, reducing substances présent in
beer, a duplicate of the above is fermented in
precisely the same manner, the only différence
being the addition, prior to fermentation, of
0'25 c.c. of cold-water malt extract. The cupric
reducing action is, as before, taken in 25 c.c.,
after dilution to 200 c.c., and filtration.

Example :
Original gravity . . . 1074-75
Spécifie gravity . . . 1021-38

Cupric reducing power. 2 c.c. taken ; CuO
obtainecl, 0-083 grm. The above is calculated
into total maltose on 100 c.c. of beer : 0-083
x 0-743 x 50 = 3-08 grms. maltose.

Opticity. 50 c.c. of the beer diluted to 100
c.c. ; reading in 100 mm. tube =12-4 divs. To
get the dextrin, the reading must be doubled to
correct for previous dilution :

12-4x2 = 24-8.
Reading due to maltose will be 3-08 x 3-905

= 12-01 divs.
Reading due to dextrin will be 24-8 — 12-01

= 12-79 divs.
12-79

Per cent, of dextrin in beer . - = 2-27.
1 5-625

Dégradation. 50 c.c. of beer are taken, and 5
c.c. of cold extract used ; the whole after de-
gradation diluted to 100 c.c. : CuO from 10 c.c.
= 0-2985 grm. The CuO per 1 c.c. of cold-
water extract was found to be 0-08 grm. Be¬
fore eorrecting, the total maltose after dégrada¬
tion in 100 c.c. of the degraded mixture must be
calculated thus :

0-2985 x 0-743 x 2-216 grms. maltose.
This is eorrected for the CuO given by the malt
extract as follows :—

0-08 x 5 x 0-743 = 0-297 grms. maltose.
Then 2-216 less 0-297 = 1-919 = maltose after de-
gradation in 100 c.c of the degraded mixture ; or,

in 100 c.c. beer 1-919 x 229 = 3-838 grms. maltose.
50

The above figures represent total maltose
plus the maltose formed by dégradation of the
combined (or amyloïn) dextrin. Combined or
amyloïn dextrin is therefore 3-838, less total
maltose 3-08, after deducting tlie increase in
molecular weight due to conversion into maltose ;
thus: 3-838 — 3-08 = 0-758, and 0-758x0-95 =

0-72 grm. combined dextrin in 100 c.c. of
beer.

Fermentation, (a) Without malt extract :
50 c.e. taken ; after fermentation and dilution
to 200 c.c., 25 c.c. taken for reducing action
gave 0-174 grm. CuO. (6) With malt extract :
the same quantifies gave 0-12 grm. CuO.

CuO due to combined maltose 0-174-0-12

= 0-054 ; 0-054 x 0-743 x ^ x 222 = 0-64 grm.-ûD OU

combined maltose (amyloïn maltose) in 100 c.c.
of beer.

The apparent free maltose can now be cal¬
culated— i.e. the low type maltodextrins unfer-
rnented during brewery fermentation, but fer¬
mented during the laboratory fermentation. To
do this, the maltose unfermented during fermen¬
tation without malt extract is subtracted from
the total maltose ; the latter figure will be
0-174 x 0-743 x 200 x 155 = 2-07, then

25 50
3-08 grms.
2-07 „

Total maltose
Maltose after fermentation

Fermentable maltodextrins
calculated as maltose . 1-01 „

1 5-625 are the number of divisions on the Ventzke-
Scheibler saccharimetric scaïe corresponding to 1 grm.
dextrin per 100 c.e.
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The free dextrin will be the différence be-
tween the total dextrin and combined dextrin
—i.c. 2-27 less 0-72 = 1-55.

The ash and albuminoids and mixed acid in
this beer, caleulated on 100 parts of the wort
solids, were respectively

Ash 1-34 p.c.
'

Albuminoids .... 3'30 ,,

Acid as lactic acid . . . 0'52 „

The following will represent the analysis
caleulated on 100 parts of original wort solids.

On 100 parts
original wort solids

Maltose and other fermentable
sugars fermented during brew-
ing fermentation . . . 58-47

Low type maltodextrins unfer-
mented during brewery fer¬
mentation, but fermentable
with active yeast (so-called
free maltose) . . . 5-22

Maltose in maltodextrins . . 3-301
Dextrin in maltodextrins . . 3-72 j
Free dextrin .... 8-01
Minerai matter. . . .1-34
Nitrogenous matter as albu¬

minoids .... 3-30
Acid as iaetic acid . . . 0'52
Undetermined matter (hop-ex

tract, glycérine, unfermentable
portions of malt adjunets, and
malt worts, &c. &c.), by dif¬
férence 1G'06

100-00
* Total maltodextrins = 7'02.

Original gravity . . . 1074-75
Spécifie gravity . . . 1021-38
Free acid in 100 c.c. of beer

(acetic acid) . . . 0 05
Fixed acid as lactic acid. , 0-15

51. Estimation of Lactose [milk sugar).
The estimation of lactose is in technical
analysis only required in the examination of
milk and milk products. This is best accom-
plished by means of the polarimeter, but before
this method can be applied certain albumens
which are ahvays présent in milk, and which
possess a left-handed rotation, must be removed
as well as the fat. The most reliable method
for insuring this appears to be that recom-
mended by Wiley (A. 0,289), which is as follows :

The sp.gr. of the milk is first deter-
mined ; if this should be 1026 (water = 1000) or
thereabouts, 60-5 c.c. of the milk are transferred
to a 100 c.c. flask and 1 c.c. of mereuric nitrate
-solution, or 30 c.c. of mercuric iodide solution,
(preferably the latter), added. The liquid in the
ilask is then made up to 102-4 c.c. with distilled
water, well shaken up, filtered bright, and polar-
ised in the 200 mm. tube.

The volume is made up to 102-4 c.c. because
the precipitated albumen oeeupies a volume of
about 2-4 c.c., so that the solution is really
diluted to 100 c.c. Should the sp.gr. of the
milk be 1030, 60 c.c. aretaken instead of GO-5 c.c.,
and if the sp.gr. be 1034, 59-5 c.c. are taken.

The î-oom and milk should be at one constant
température, and the polarisation taken at the
same, about 20°C. being the best suited for the

purpose, althougli a few degrees above or below
will not appreciably aiïect the results.

In the above method the spécifie rotatory
power of lactose for ray D is taken to be 52-5,
and the weight of it in 100 c.c. solution required
to read 100 divisions on the cane sugar seale to
be 20-56 grms. This is the weight necessary to
be taken for instruments requiring 16-19 grms.
of cane sugar to produce a rotation equal to 100
divisions.

It will, however, be easy to calculate the
number for milk sugar whatever instrument is
employed. Thus for the Ventzke-Scheibler in¬
strument, since the weight of cane sugar in
100 c.c. required to read off 100 divisions is
26-048 grms., therefore

26-048 : x = 58-2 (aj of lactose) : 73-8 (hj cane
sugar),

whence x = 33-03 grms. ; lience 1 division of
this scale = -3303 grms. lactose.

The mercuric solutions are prepared as
follows : Mercuric nitrate by dissolving mercury
in double its weight of nitrie acid (sp.gr. 1-42),
then adding to the solution an equal volume of
water. 1 c.c. of this reagent is suffieient to pre-
cipitate the albumen in 50 to 60 c.c. of milk.

Mercuric iodide solution
Potassium iodide . . . 33-2 grms.
Mercuric chloride . . . 13-5 „

Acetic acid (sp.gr. 1-040) . 20'0 c.c.
Water 640 „

30 c.c. of this solution are required for
50-60 c.c. milk.

So far it will be seen that the polarimeter
has only been applied to the détection and esti¬
mation of the différent carbohydrates as tkey
oecur in various commercial products, but in
addition to the carbohydrates and their deriva-
'tives, other widely differing substances also
possess the power of rotating a ray of polarised
light. Such are a large number of the vegetable
alkaloids and acids, essential oils, terpenes,
resins, eamphors, bile constituents, albumens, <tc.
Reliable data as to the optieal properties of severat
of these bodies have been obtained, which are ex-
tremely useful in determining the nature of such
substances as well as in examining the purity of
particular samples, and in many cases of detect-
ing adultération with other bodies, whether they
be inactive or active. The following examples
will serve to illustrate the wide field covered
by polarimetric observations—a field which is
widening more and more every year, as addi-
tional information is obtained on one of the most

interesting methods of chemical analysis and
scientific investigation.

52. Cinchona alkaloids. Although a direct
estimation of the alkaloids in cinchona bai-k
extract cannot be made with anything like
accuracy by means of the polarimeter, never-
tlieless a useful check on the results obtained
by other modes of analysis is provided by
means of it. It can, however, be made to serve
a most useful purpose in testing the relative
purity of commercial samples of the several
alkaloids. The spécifie rotatory power of these
alkaloids, and of their most important salts, has
been studied in détail by Hesse (Ann. 176, 203 ;
182, 128) and Oudemans (Ann. 188, 33), the
results of wliose researches are given very con-
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cisely and clearly by Landolt in liis Handbook,
p. 198, and of which only a yery brief abstract
can be given here.

The constants given by Hesse and Oudemans
serve for testing the purity of commercial sam-
ples. For this it is necessary, of course, that
the conditions in respect of solvent and concen¬
tration should be the same as in the détermina¬
tion of these normal values, and the température
should not differ very much. Moreover, it is
necessary in dealing with compounds containing
water of crystallisation to détermine directly the
amount of the latter, in order to establish the
identity of the same with the formula assigned,
or, if it disagrees, to be able to find the per-
centage of anhydrous substance—viz. of alka-
loid—présent.

The différences whicb oecur when impurities
are présent are much larger in amount when
another alkaloid is présent, the spécifie rotation
of the four cinchona bases differing very con-
siderably from one another. This is shown in a
number of experiments by Hesse, of which the
results are as follows :—A solution of a specimen
of neutral diquinine sulphate, which a separate
analysis showed to contain 15 p.c. of water of
crystallisation, was prepared with hydrochloric
acid, having a concentration c = 2 grms. anhy¬
drous base. To préparé 50 c.c. of this solution,
since 85 parts of anhydrous base were équivalent
to 100 parts of the kydrated substances,

= 1-176 grms.

was required. This amount was put in a 50
c.c. flask, together with so much standard
•hydrochloric acid to give for one molecule
(C20H21N2O2),.H2SO4 four molécules HC1, and
the resulting solution diluted up to the mark
with water. Observed in a Wild's polariscope
with a 200 mm. tube, the solution gave an
angle of rotation aD= — 9-58°, whence the
spécifie rotation of the anhydrous substance

— 9-58 x 100_ _239.5o_
2x2

Now, the figures in Table VII. show that
perfectly pure sulphate of quinine in sueh a
solution gives [a]u= — 239-2°; and hence the
préparation under examination must have been
free from admixture. Three other samples of
commercial sulphate of quinine, examined under
like conditions, gave the following spécifie rota¬
tions respectively :

-236-6°; -235-5°; +109-5°.
Of these the two first agree so nearly with the

normal value that no admixture of foreign sub¬
stance, at least in any appréciable quantity,
could have been présent. The third, on the
contrary, shows such a marked rotation to the
right that it must contain a notable amount of
quinidine and cinchonine.

Optical analysis of mixtures of cincliona al-
Icaloids. The quantitative composition of a
mixture of two alkaloids may be deduced from
its spécifie rotation with the aid of the values
given in Table VII.

To test this method, Hesse determined the
spécifie rotations of a number of mixtures of
known composition to ascertain whether the
former could be deduced from the rotatory
powers of the constituents. This was found to

be sufficiently exact, and therefore the associa¬
tion of alkaloids in solution does not materially
interfère with their individual optical properties.
Hence a quantitative analysis by this method is
practicable. The mode in which the percentage
composition of a mixture of two alkaloids is de¬
duced from the observation of its spécifie rotation
will be seen from the following examples given
by Hesse :—

1. Four grms. of a mixture of quinine hy¬
drate and cinchonidine were dissolved in alcohol
of 97 p.c. by volume to form 100 c.c. of solution.
Examined in Wild's polariscope with a 200 mm.
tube, the solution gave an angle of rotation
aD=—9-95°, and thus the spécifie rotation of
the mixture was

[o]D= -9'95x*0Q=-124-37°.
2x4

The spécifie rotation of the individual alkaloids
is, according to Table VII., whene = 4,

Quinine hydrate, [o]D=—142-57°.
Cinchonidine, MD= —106-29°.

Putting x for the required percentage of quinine
hydrate, whereby that of cinchonidine = 100 — x,
the following équation is obtained.

- 142-57X -106-29(100 - x) = 124-37 x 100,
whence

100(124-37-106-29)
124-57-106-29

According to this the mixture consists of—
Quinine hydrate . . 49-8 parts
Cinchonidine . . 50-2 „

100-0
The real composition of the mixture actually

consisted of equal parts of the alkaloids, with
which the results of optical analysis coincide
aimost exactly.

2. A mixture of 3 parts quinine sulphate and
1 part quinidine sulphate gave, in an aqueous
solution containing 4 grms. in 100 c.c., the
spécifie rotation [a]D= —71-87°:

For quinine sulphate according to Table VII.
when c = 4 :

[a]D=-i63-61°.
For quinidine sulphate according to Table VII.

when c = 4 :

[o]D= +208-80°.
Indicating by x the percentage of quinine

sulphate the équation —lC3-61œ + 208-80(100— a-)
= 71-87 x 100 is obtained; whence œ = 75-4 p.c.

Whence—
By optical Actual
analysis composition

Quinine sulphate . 75-4 75-0
Quinidine sulphate . 24-6 25-0

100-0 100-0

53. Oïl of turpentine. Three varieties of oil
of turpentine are known in commerce, French,
Bussian, and American, and these dilïer in a

very marked degree in their action on polarised
light, for whereas the French variety is lœvo-
rotatory, both the Bussian and American are
dextrorotatory.

For French turpentine, Armstrong (S. C. I.
1, 478) finds the value of [a]„, using a 200 mm.
tube, to be on the average — 60° to — 61°, whilst
American turpentine under similar conditions
varies from +19° to + 33°, and Russian from
+ 30° to + 45°.
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CommerciaUy, Bussian turpentine is not of
much importance, being unsuitable for the
purposes to which the other two are applied,
but since it is much cheaper than either of these
it is sometimes added to them as an adultérant.

Other adultérants of oil of turpentine are
petroleum and shale spirit, coal-tar naphtha,
resin oil, and resin spirit. In the détection
of adultération, détermination of the spécifie
rotatory power alone, although not conclusive in
the case of adultération of American oil of tur¬
pentine, nevertheless serves as a useful indicator.
In the case of French oil of turpentine, on the
other hand, where nothing like so great déviation
from the average is shown in the polarisation
of various samples, the addition of adultérants
may be readily detected vvitli a fair approxima¬
tion to accuracy. According to Aignan (C. B.
10!), 941), French turpentine is frequently
adulterated by the addition of resin oils, though
only to the extent of about 5 p.c., the addition
of these oils causing a deerease in the lœvo-
rotatory power of the turpentine oil.

Aignan finds that, the white oils which are
obtained by distilling colophony and further
rectification may be divided into three groups,
possessing the following respective rotatory
powers : [a]D= — 72°, —32°, —21°. The first
of these is the one generally used for the
adultération of the turpentine, and although it
lias a higher spécifie rotatory power of the same
sign, the rotatory power of the mixture is lower
than the normal rotatory power of the oil of
turpentine. These différent qualities were mixed
with oil of turpentine and polarised, from which
he deduced the following results :—

Mixture with oil of first quality,

[a]D= -61-5°+ ~ h.
5

Mixture witli oil of second quality,

[a]D = —61-5° +

Mixture with oil of third quality,

[«]„ = —61-5° +^.
5

Where h = percentage of resinous oils eon-
tained in the mixture.

Détection of oil of turpentine as an adulté¬
rant in essence of lemon. French oil of turpen¬
tine is sometimes used to adulterate essence of
lemon, and owing to the percentage composi¬
tion of the two oils being identical, and their
boiling-points and densities being almost the
same, the presence of the adultérant is difficult
to detect. Oliveri (Gazzetta, 21, 318) finds that
the readiest method of detecting the fraud is by
observing the spécifie rotatory power of the
sample, as French oil of turpentine has a lœvo-
rotatory power of —55° in 200 mm. tube, whilst
oil of lemon rotâtes the polarised ray, under
similar conditions, about 120° to the right. Its
presence is at once detected, and may easily be
calculated, as the rotatory power of the mixture
is the algebraic sum of the rotatory powers of
its constituents taken in the proportions in
which they are présent.

The percentage of the adultérant may be ob¬
tained by means of the following table, from the

spécifie rotatory power of the sample taken in a
200 mm. tube :—

Table for détection of adultération of essence
of lemon with oil of turpentine.

Adulterated
with p.c. of oil
of turpentine

Rotation in
200 mm. tube

Adulterated
with p.c. of oil
of turpentine

Rotation in
200 mm. tube

0 p.c. 120-00 11 p.c. 100-75
1 „ 118-25 12 „ 99-00
2 „ 116-50 13 „ 97-25
3 „ 114-75 H „ 95-50
4 „ 113-00 15 „ 93-75
5 „ 111-25 16 „ 92-00
6 „ 109-50 17 „ 90-25
7 „ 107-75 18 „ 88-50
8 „ 106-00 19 „ 86-75
9 „ 104-25' 20 „ 85-00

10 „ 102-50

54. Vegetable Oils. Linseed oil is frequently
adulterated with resin oil, and as the former
possesses no rotatory power and the latter does,
the amount of adultération may be determined
in a mixture of the two oils by means of the
polarimeter (Aignan, C. B. 110, 1273). The
rotation is +, and varies somewhat with the
kind of resin oil used.

If aD be the rotation observed in a 100 mm.
tube, and p the weight of resin oil contained
in the mixture, the value of the latter is given by
the formulai—

30 : 14° : : p : a„.
30

p = au _, for refined resin oil.
30

p = au —, for best white resin oil.r «17>

p = a„^, for fine rectified resin oil.i 2i
The first is the kindmost commonlyemployed.

A 100 mm. tube is used in preference to a "200
mm. one, on account of the dark eolour of the
oil. If it be required to examine paint for it, a
quantity of the paint is shaken up with ethev,
and the rotation given by the ethereal solution
observed in a 200 mm. tube. J. H.

SUGAE, OF LEAD. Lcad acetate v. Acetic
A.CID.

SUINE. A butter substitute made from
pigs' fat v. Makgaeine.

SULPHOCYANATES or THIOCYANATES ».

Cyanides. These salts are finding inereased ap¬
plication for various purposes in dyeing and
printing, as well as for the manufacture of colours.
The sulphocyanates are not generally obtained
from gas liquor, unless the latter has a sp.gr.
correspondingto 10-15°Bé., and this being of rare
occurrence, ' Laming's ferrie oxide mass ' has
been used of late years for their préparation. As
it sometimes contains 10 to 12 p.c. of ammonium
sulphocyanate, this sait is always mixed with
other ammonium salts, and the best method of
séparation—viz. that of partial crystallisation
—is attended with considérable difficulty and
loss. Numerous patents have been taken based
on the préparation of sulphoeyanides from the
residue of Laming's mixture, with subséquent
removal of the sulphur of the compound and
formation of ferrocyanides. The manufactura
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of sulphocyanates can only be carried on profit-
ably in works where other cyanogen products,
sucb as ferrocyanides, Prussian blue, <fcc., are
prepared (P. Nafzger, C. Z. 10 370 ; S. C. I. 324).

SULPHOI.EIC ACID v. Oleic acid.

SULPHONAL consists of diethylsrilphodi-
methylmethane (CH3)„G(SO.jC2H,i)„, and was first
prepared by Baumann. It forms colourless,
heavy, prismatie crystals, and is given to adults
in doses of 2 grms. as a soporific (B. Tiseher,
Pharm. Zeit. 33, 235 ; S. C. I. 7, 457).

Some difficulty is experienced in preparing
an odourless product. According to Ivobbe, it
is easy to détermine whether a préparation is
odourless or not by boiling 1 grm. with about
10 e.c. of water in a test tube, when any re-
maining odour iseasily deteeted (Kobbe, Pharm.
Zeit. 1888, 730 ; S. C. I. 8, 131).

Sulphonal may be identified as follows : It
melts at 125-5°, dissolves in 15 parts of boiling
water, and 500 parts of water at 15° ; in 133
parts of ether at 15°C. ; 2 parts of boiling alcohol,
05 parts of alcohol at 15° ; and in 110 parts of
50 p.c. alcohol at 15°. The sample should also
be tested for sulphuric acid, potassium, and
manganèse. It is exceedingly inert towards ail
re-agents, a characteristic property of the sub¬
stance. Fused with potassium cyanide, it gives
a smell of mereaptan. Mercaptan, according to
Ritsert, may be formed by heating sulphonal
with sodium-amalgam or pyrogallic acid. Fused
with dry potash, a peculiar smell of mustard oil
is evolved. Mercaptan is also formed by heating
the substance in a test tube with a fragment of
charcoal ; the white fumes which are at the
same time given off turn litmus-paper red, and
deeolourise blue iodide of stareli paper (S. C. I.
1888, 772).

STJLPHUS. This element usually occurs in
commerce in two forms : one a erystalline
powder, ' tiowers of sulphur,' prepared by rapidly
cooling the vapour formed during the distilla¬
tion of crude sulphur or substances containing
it. so that condensation to solid particles ensues,
much as snow is formed by quickly chilling
aqueous vapour ; the other as lumps and blocks
of ' brinistone,' obtained by fusing sulphur, and
allowing it to solidify in moulds, so as to form
cylindrical or sliglitly conical ' sticks ' or ' rolls,'
or masses of larger magnitude. For a short
time after solidification such cast masses consist
of aggregations of more or less well-defined
crystals belonging to the oblique prismatie
System ; but these gradually change their cha-
racter and become transformed into an assem¬

blage of smaller crystals, consisting of octahedra
with a rhombic base ; sulphur beirig dimorpjwus,
or capable of crystallising in two entirely dis¬
tinct forms, of which the octahedral form is the
more stable at ordinary températures. Ac-
cordingly, when sulphur occurs crystallised in
nature (as in certain volcanic districts), or when
it separates from its solutions in cool solvents
by their evaporation (e.g. from carbon disulphide
solutions), it always assumes the rhombic octa¬
hedral shape. On the other hand, from hot oil
of turpentine solution it crystallises in the pris¬
matie . form ; whilst artificial or natural octa¬
hedral crystals imniersed in an inert liquid, the
température of which is gradually raised to
above 100°C., but below 115°C. (near the first

melting-point of sulphur), become opaque, owing
to their becoming changed into aggregations of
small prismatie crystals ; indicating that at tem¬
pératures near to 100-115° the prismatie form
of crystal is the more stable of the two. The
two kinds of crystal differ in relative density,
the octahedral form being 2-05 finies as heavy
as water, and the prismatie variety only 1-98
times as heavy ; the latter evolves more heat on
combustion than the former, so that heat is
evolved in the transformation of prismatie into
octahedral crystals.

Owing to this change in erystalline structure
takingplaee aftersolidification, cast sulphur(hrim-
stone) is excessively brittle, being a bad eonductor
of heat ; if grasped in a warm hand it crackles, and
often breaks up into fragments in conséquence of
the strain produced by unequal expansion. Both
forms of crystal dissolve freely in carbon disul¬
phide, and to a greater or lesser extent in varions
other solvents—notably, sulphur chloride, tur¬
pentine, benzene and other petroleum and coal¬
tar liydrocarbons, alcohol, chloroform, etc.
Methods of extraction of sulphur from natural
sources," where it isintermixed with much eartby
and rocky matter, based on the employment of
such solvents have been proposed, but not as
yet very extensively adopted. When a powerful
beam of sunlight, concentrated by a lens, is
passed through a solution of sulphur in carbon
disulphide contained in a closed vessel, partial
conversion into an insoluble modification is
brought about, so that a turbidity forms in the
path of the light due to the séparation of minute
particles of insoluble sulphur ; the emergent
light is destitute of the ultraviolet rays, whereas
the less refrangible luminous part of the spec-
trum is unaltered ; apparently, therefore, the
chemical rays are absorbed and expended in the
production of intra-molecular work, the change
presenting many points of similarity to the con¬
version of yellow phosphorus into red, when a
solution of the former in carbon disulphide,
ethyl iodide, or analogous solvents is exposed to
light, whereby a séparation of the other modifi¬
cation insoluble in these solvents is brought
about.1

Octahedral sulphur crystals begin to melt at
114-5°, whilst prismatie sulphur melts and re¬
solidifies at 120° if perfectly pure ; but if con¬
taining traces of the plastic modification it
begins to melt at 111-5° (Brodie). Natural
rhombic crystals have been described by Silvestri,
melting at 124-125°. At températures but little
above 120° the limpid fiuid obtained by fusing
any solid modification of sulphur remains appa¬
rently unchanged; on cooling cautiously out of
contact with dust, it shows the phenomenon of
superfusion very distinctly, and under these con¬
ditions will solidify to prismatie crystals if a
crystal of prismatie sulphur be dropped in to
serve as nucleus, and to octahedral crystals if a
fragment of octahedral sulphur be similarly
added. If heated somewliat above 120° conver¬

sion into a peculiar allotropie modification
termed plastic sulphur commences ; at liigher
températures the action proceeds more rapidly,

1 Molteu irou and aluminium respectively dissolve
amorplious carbon and silicon, which tlien separate out again
as erystalline modifications—changes the converse of those
elïected by the action of light on sulpliur solutions.
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so that at 200-250° a thick viseid mass of dark
brownish-red colour is obtained, which, if quickly
cooled in water, forms a red plastic dough-like
mass, insoluble in carbon disulphide, but gradu-
ally clianging on standing into a crystalline
mass, mainly consisting of oetabedral soluble
sulphur. If more quickly cooled by means of
a mixture of ether and carbon dioxide snow it
forms a kard transparent mass, becomingplastic
at the ordinary température. At températures
above 250-300° viseid sulpliur becomes thinner,
though not as fluid as melted brimstone at 120° ;
and at 410° it boils, giving off orange-coloured
vapours. According to the earlier researches of
Bineau, Dumas, and others, at températures
near to 500° the vapour is 96 times as heavy
as hydrogen, indicating that it is eomposed of
kexatomic molécules Sa ; but at 1,000° these
break up into diatomic molécules S2, so that the
vapour is then only 32 times as heavy as
hydrogen. More reeent experiments by Biltz
(B. 1888, 2,013) liave, kowever, shown that no
constant vapour densities are observed at any
lower températures, and that molécules S7, S5, S„,
are just as clearly indicated as Se ; a continuous
dissociation and lowering of vapour density
taking place as the température rises until only
S., molécules exist.

Besides the amorphous solid modification
insoluble in carbon disulphide above mentioned,
a soluble amorphous variety exists, obtained by
the action of acids on solution of alkaline poly-
sulphides. This is employed medicinally unier
the name of milk of sulphur ; on keeping, it
slowly changes into the octahedral crystalline
variety. Flowers of sulphur condense from the
vapour of sulphur, at first as utricles, or liquid
droplets surrounded by solid pellicles ; these gra-
dually become octahedral crystalline sulphur,
but generally a little of an insoluble modification
is left behind on treatment of flowers of sulphur
with carbon disulphide, and the same remark
applies to plastic sulphur that has changed by
standing into a brittle mass. The presence of
small quantifies of other bodies considerably
modifies the colour and texture of amorphous
sulphur and its properties ; thus, black, red, and
blue varieties are obtainable, as also a green
liquid (for a time) at ordinary températures.
Ail these varieties become converted into ordi¬
nary brimstone by fusion. When hydrosul-
phuric acid solution is electrolysed, sulphur ap-
pears at the positive pôle in the forrn of a
soluble amorphous variety ; whilst an insoluble
forrn is obtained when sulphurous acid solution
is electrolysed, separating at the négative pôle :
accordingly Berthelot classes the solublemodifica-
tions (including the crystalline forms) and the in-
solubleones aselectro-negativesulphurani électro¬
positive sulphur respectively.1 The latter forms
possess more intrinsic chemical energy than the
former, and hence evolve heat on passing into
the crystalline state. They also liave lower
relative densities, varying from 1-82-1-870 (utri-
cular amorphous sulphur) to l'95 (ordinary
plastic sulphur). Debus has recently described
a colloidal forrn of sulphur analogous to the

1 According to R. "Weber both the soluble and insoluble
amorphous forms are always produced together, either by
electrolysis or chemical reactions, the one or the other pre-
doniinating according to circumstances.

soluble silica obtained by dialysis ; this is con-
tained in Wackenroder's solution, formed by
passing sulphuretted hydrogen through solution
of sulphurous acid (C. J. Trans. 1888, 278).

The amorphous forms of sulphur meet with
but little application in the arts ; plastic sulphur
is used to a limited extent as a material for
preparing moulds for eleetrotyping and other
purposes, and precipitated ' milk of sulphur 1 as
a médicinal préparation. In the ' recovery ' of
sulphur from alkali waste by various processes
amorphous sulphur is obtained as a precipitate ;
this, however, is not collected as such, but is
melted by the aid of superheated steam or under
high-boiling saline solutions, so as to form ordi¬
nary brimstone (v. infra). Flowers of sulphur
are mainly employed for dressing vines, so as to
preserve them against the oïdium disease, also for
treating hops and seeds of various kinds, and for
vulcauising indiarubber ; and brimstone as a
source of sulphur dioxide for bleaehing and dis-
infecting purposes, for the production of bisul-
phites in the manufacture of wood pulp for paper -

making, and in the manufacture of sulphuric
acid ; but moderate quantities of sulphur are
consumed for many other purposes—e.g. the
préparation of vermilion, sulphur chloride (for
vuleanising), and carbon disulphide, the manu¬
facture of gunpowder and matches, &c.

Sources of sulphur.^-Sulphur is chiefly ob¬
tainable from three classes of natural products
—namely,

(I.) Free sulphur, usually, though not in-
variably, found in volcanic districts. Deposits of
this class are of two kinds (a) ' living ' sulphur
beds, i.e. localities where sulphur is being con-
tinously deposited by virtue of certain chemical
actions perpetualiy going on ; such a place is
termed a 1 solfatara,' and is ordinarily associated
with eruptive craters, geysers, liot springs,
' fumaroles ' (or jets of steam and sulphurous
and other vapours issuing from crevices), and
similar évidences of présent or recent volcanic
action ; (b) stratified deposits (more or less
alternating with beds of clay andother minerais),
mostly consisting of sulphur to the extent of 5
to 40 p.c., the majority being calcareous or other
earthy matters.

(II.) Sulphur combined with metals as sul-
phides. These minerais constitute many of the
most important metallic ores, e.g. pyrites, copper
pyrites, galena, zinc blende, cinnabar, stibnite,&c.,
respectively the sulphidesof iron,iron andcopper,
lead, zinc, mercury, antimony, <Src. Some of
these substances evolve sulphur on heating, and
in conséquence were formerly used to some
considérable extent as sources of free sulphur ;
but at the présent day for the most part metallic
sulphides are not employed directly in this way
to produce sulphur, but rather to generate various
sulphur compounds, more especially sulphur
dioxide (by roasting in contact with air) used for
the manufacture of vitriol.

(III.) Compounds of sulphur with mêlais and
oxygen forming sulphates. Of these the sul-
phate of calcium is probably the most abundant,
large deposits of this sait in the anhydrous form,
and crystallisedas gypsum, being found in nume-
rous localities, whilst it is an alrnost invari¬
able constituent of well, river, lake, and sea
waters. Sulphates of magnésium, barium, and
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many other metals are also substances o£ com-
mon occurrence. Processes for the isolation of

sulphur from these sources liave been devised,
but liitherto not employed to any considérable
extent, the other sources of sulphur being prac-
tically cheaper. Besides these substances many
other natural products, from living as well as
minerai sources, contain more or less sulphur.

As regards the original sources of these sub¬
stances soine doubt exists as to whether metallic
sulphides are to be regarded as being the prime
source of the sulphates formed tlierefrom by
oxidation ; or whether, on the other hand, they
have not been deposited from solutions contain-
ing sulphates and soluble metallic compounds
under the reducing influence of organic matter ;
both kinds of reaction are known to take place
naturally, the production of green, blue, and
white vitriol (sulphate of iron, copper, and zinc
respectively) by the spontaneous oxidation of
pyrites, copper pyrites, and zinc blende, often
together with alum and other sulphates, having
been known for many centuries ; whilst the
formation of sulphurous waters (containing
sulphuretted liydrogen and soluble sulphides),
and the déposition therefrom of free sulphur and
insoluble sulphides, by the inverse chemical
changes, is also a very eommonly occurring
phenomenon. The free sulphur of volcanie dis¬
tricts has been produced to some extent by re¬
actions of this latter class, more especially in the
case of stratified deposits ; a portion owes its
origin to the eombined efl'eet of beat, moisture,
and oxygen on beds of metallic sulphides, espe¬
cially pyrites, whereby sulphur is partly directly
volatilised and partly formed in virtue of more
complex reactions (c.g. in the Kohat district of
the Punjab, where a large amount of sulphur is
eontinually being deposited as a resuit of the
décomposition of pyritiferous alum shales) ; but
themajorityof the sulphur deposited insolfalaras
owes its origin to the mutual reaction of various
gases and vapours formed underground and
escaping into the air through clefts and crevices
forming 1 fumaroli.' The .déposition of sulphur
in this way is due to two différent reactions ; in
some cases currents of gases containing on the
one hand sulphur dioxide, and on the other sul¬
phuretted hydrogen, intermix, piroducing mutual
décomposition of the two gaseous sulphur
compounds, thus : S02 + 2H2S = 2H.0 + 3S. In
other instances sulphuretted hydrogen cornes
in contact with air under such conditions
that only the hydrogen is oxidised, sulphur being
set free, thus : ILS + 0 = H.,0 + S. This latter
action is greatly facilitated by contact of the
gases with various kinds of solid matter, notably
ferrie oxide ; and in this form is the most im¬
portant portion of certain processes recently
introduced for the recovery of sulphur from gas
liquor, vat waste, and similar materials (v. infra).
Not improbably this action really involves two
stages—namely, first, where the sulphuretted
hydrogen is partly oxidised to water and sulphur
dioxide,thus: H„S + 30 = H20 + S02 ; and second,
where the sulphur dioxide thus produced reacts
whilst nascent on the rest of the sulphuretted
hydrogen, forming water and sulphur as above
described ; for if more air be présent than will
furnish oxygen suffieient to convert the hydrogen
of the sulphuretted hydrogen into water, sulphur

dioxide is formed, as well as free sulphur ; whilst
if less be présent, unclianged sulphuretted hydro¬
gen escapes.

As to the nature of the chemical changes
taking place underground, in virtue of which
gaseous sulphur compounds are formed, but
little definite knowledge is extant. Water per-
colating at great depths, and consequently under
high pressure, into seams containing metallic
sulphides, e.g. pyrites, is likely enough to form
sulphuretted hydrogen and metallic oxides ; the
former may also be produced by the réduction of
sulphates dissolved in water under the influence
of lieat, pressure, and organic matter. Sulphur
dioxide, again, may resuit from the complété
oxidation of sulphuretted hydrogen thus formed ;
by the action of heat and oxidising agents on
metallic sulphides ; or by the mutual reactions
of sulphides and sulphates, as in tbe process of
lead smelting, thus: PbS04 + PbS = 2Pb + 2S02.
Prom the usual presence of steam in the fumes
and vapours emitted from living solfataras, it
would seem more probable that water vapour
is generally involved in the chemical changes
taking place, than that the action is one of the
last kind taking place at a high température in
the absence of water.

Some few stratified sulphur deposits have
probably been formed by analogous actions
taking place underground between gases and
vapours passing through porous strata so as to
deposit sulphur therein ; but aqueous agencies
have more frequently been at work. By the
reducing action of organic matter on sulphates,
sulphides are readily formed ; when calcium
sulphideis thus produced together with carbonie
acid décomposition takes place, so that sulphu¬
retted hydrogen and calcium carbonate orbicar-
bonate are formed:

CaS + 2H20 + 2C02 = Ca00,,ILC03 + H..S.
Water charged with sulphuretted hydrogen pro¬
duced in this or some similar fashion when ex-

posed to air deposits sulphur, the hydrogen of
the sulphuretted hydrogen being oxidised to
water : ELS + O = H20 + S. In presence of ferrie
oxide (as, for example, when the water contains
ferrous bicarbonate, which becomes ferrie
hydroxide on exposure to air) this action goes on
rapidly, the ferrie oxide aeting as a carrier (as
in the processes of eoal-gas purification by iron
oxide revivified by exposure to air, and in Claus'
method of preparing brimstone from sulphuretted
hydrogen—v. infra) ; whilst if calcium bicar¬
bonate be présent in the water, exposure to air
converts this into ordinary insoluble carbonate,
so that a deposit of sulphur mixed with calcium
carbonate results. The Sicilian sulphur deposits
appear to have mostly been formed in this way
in the beds of lakes into which such sulphurised
and calcareo-carbonated waters ran : now and
then changes in the character of the water
caused other deposits (clay, mari, &e.) to form, so
that layers of sulphur rock (mainly carbonate of
lime and sulphur) alternate with layers of other
minerais. Beactions somewhat similar to this are

going on at the présent day ; thus a notable
formation of sulphur takes place eontinually at
the dried-up margins of the tidal swamps at the
mouth of the Godaveri, Madras, gypsum being
reduced to sulphide by the organic matter, and
calcium carbonate and sulphur being then
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formed by the conjoint agency of the air and
Carbon dioxide ; and similarly, free sulphur is
copiously formed by the action of the air on
aikali waste containing sulphide of calcium, this
sulphur generally combining with nnaltered
calcium sulphide to form a soluble polysulphide.
Under certain conditions calcium carbonate will
react on sulpkuretted hydrogen in presence o£
air, so as to form calcium sulphate and free
sulpliur (Bischof) ; possibly thus :

CaC03 + 2H,S + 50 = CaSO, + CO., + 2H20 + S.
Some sulpliur deposits appear to hâve been
produced in accordanee with changes of this
character, calcium sulphate and not carbonate
chiefly accompanying the sulphur. By eon-
tinued exposure to air calcium carbonate mixed
with sulphur oxidises to calcium sulphate ; the
outcrops of seams of sulphur rock in Sicily are
usually thus altered, the free sulphur having
mostlyail disappeared, and a material of peculiar
character, known as briscale, been formed by the
weathering action, the occurrence of which is
looked upon as a certain sign of the existence of
a Iode of sulphur rock.

Certain natural metallic sulphides, especially
pyrites, when subjected to heat, part with a por¬
tion of the sulphur présent, so that by subject-
ing thern to distillation sulphur may be obtained.
Processes based upon this property have been
somewhat extensively employed in the manu¬
facture of brimstone ; but the article thus
produced is liable to be very impure, and,
notably, to eontain much arsenic. Accordingly,
metallic sulphides are far more frequently
employed to produce sulphur dioxide by com¬
bustion (for the manufacture of sulphites,
saltcake, vitriol, Jfec.) tlian as a source of actual
free sulphur. Of late years an indirect method
of obtaining sulphur from such sources lias
corne into use as an adjunct to the alkali manu¬
facture by Leblane's process. In this manu¬
facture pyrites is first converted into sulphuric
aeid, which, reacting on sait, forms hydrochloric
acid and sulphate of sodium (saltcake) ; or salt¬
cake is formed more simply by passing sulphur
dioxide and air through masses of sait loosely
piled, the gases being formed by the combustion
of pyrites in presence of excess of air. The
saltcake is then fluxed togetlier with small coal
and carbonate of calcium, whereby carbonate of
sodium is produced and sulphide of calcium ;
the former being soluble in water is thus dis-
solved out, whilst the latter remains insoluble
and constitutes the main ingrédient in ' vat
waste.' Numerous processes have been in-
vented for the eeonomical extraction of the
sulphur contained in this material, both for the
sake of profit, and in order to get rid of a
valueless and noxious by-product ; but till
recently these have praetically met with only
partial suceess. Beeent improvements, however,
have been effected whereby it becomes com-
mercially praeticable to isolate the sulphur in
the form of brimstone, the essential reactions
being the conversion of the substances into solid
carbonate of calcium and gaseous sulphuretted
hydrogen, by means of carbon dioxide produced
in lime-kilns, and the partial combustion of this
gas so as to form water and free sulphur, much
as is naturally effected in certain natural
fumaroles (v. infra ; also Sclphukic acid).

Analogous processes are also available for
the isolation of the sulphur contained in the
evil-smelling 'gas liquors ' produced in the
manufacture of coal gas ; the sulphur is con¬
tained in coal rnainly as pyrites, probably
produced by the réduction of sulphates in pre¬
sence of ferruginous matter by the organic
matter of the coal from water percolating
through it ; the quantity so extracted is but
small as compared with that used in the form
of pyrites for vitriol manufacture, but still a
notable amount of sulphur is thence obtain-
able. Where the cost of the process is not
prohibitive, sulphur rnight be readily obtained
from natural sulphates, such as gypsum, by
first reducing them to sulphides, and then
applying the same methods of sulphur-extrac-
tion ; but the plentiful supplies of natural
sulphur and pyrites now obtainable rentier
these materialê far cheaper than sulphur pré¬
parée! from gypsum can possibly be ; so that
various processes invented at différent times for
extracting sulphur from such sources are not in
actual use.

I. Natuk.VL Sulphuiî.

As already stated, free sulphur oceurs natu¬
rally in stratified roeky deposits, from which
it is obtained by the ordinary methods of
mining and quarrying, supplemented by pro¬
cesses for separating the sulphur from the
stony matter accompanying it ; and in surface
deposits which have been produced by the sol-
fataric actions above described, and which in
many cases are still ' living '—i.e. the sulphur-
depositing agencies are still at work ; so that
successive crops, so to speak, of sulphur can
be obtained from the same ground after appro-
priate intervais of time have been allowed to
elapse. Both kinds of deposit are rarely, if ever,
met with in quantity, except in régions where
volcanic influences either are still at work, or
have been so recently ; but such districts are
tolerably frequently met with. In Europe,
Italy and Sicily have long been the chief sources
of supply ; a bed of sulphur rock occurs in
France in the départaient of Vaucluse, and
several deposits, some of which are worked, are
found in Spain. In Turkey several sulphur
mines exist ; whilst in Austro-Hungary large
sulphur deposits are found, the whole district
around Mount Biidôs in Transylvania being rich
in sulphur formed by living solfataric action.
In Iceland large solfatara fields exist, some of
which are being exploited commereially. Near
Suez sulphur rock (in one place 600 feet thick)
is found, whilst an important deposit occurs
near Tripoli ; in China, Formosa, the Banda
Islands, numerous places in India, Kaskmir, and
Burmah, in Japan, the Philippine Islands, and
the Sunda Islands, more orless copious deposits
are found ; also in several of the United States,
notably in California, Nevada, and the ïellow-
stone district of the Bocky Mountains ; beds
of nearly pure sulphur, upwards of 100 feet
thick, have beeu recently found by boring in
Louisiana ; whilst living or extinct volcanic
craters, in which considérable quantifies of sul¬
phur exist, oceur in many parts of the world.

Various methods for the séparation of
; natural sulphur from accompanying earthy and
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rocky impurities bave been and are still em¬
ployée! ; these may be classified as follows :—

A. Liquation proeesses. Where the sulphur
is melted so as to run away and separate from
the unfused earthy matter. These are of four
kinds, viz. (1), proeesses when the heat is
obtained by the combustion of part of the
sulphur présent ; which method, though waste-
ful as regards sulphur, is so cheap as regards
labour that it is still employedto a larger extent
than any other ; (2) processes where the heat is
obtained by the use of other extraneous fuel
(wood, coal, &c.)—these are only used for very
rich materials, or for refining crude sulphur ;
(3) processes where the sulphur is melted out
under a liquid of high boiling-point, e.g. eon-
centrated chloride of calcium solution ; (4) the
steam process, where high pressure or super-
heated steam is the source of heat.

B. Distillation processes. Chiefly employed
for relining crude sulphur, or for rich ores,
where the sulphur is volatilised in a kind of
retort, and the vapour condensed either as
flowers or as melted brimstone.

C. Solution processes, where a solvent
(carbon disulphide) is employed to dissolve out
the sulphur. IBy employing a sériés of lixiviation
vessels worked systematically, fresh solvent
cornes in contact with nearly exhausted ore,
whilst fresh ore is treated with solvent already
containing much sulphur, so that a nearly
satnrated solution is obtained, from which the
solvent is recovered by distillation, much as in
the processes for extraction of oil, grease, &c.,
from seed-cake, greasy rags, and such like
materials (v. Cabbon bisulphide).

A. Liquation processes. Sulphur scraped
from the surface deposits of fumaroles &c., or
otherwise moderately free from admixed earthy
impurities, is sometimes purified by the simple
process of fusing it in a pot or cauldron, heated
by a fire underneath (taking care to avoid
firing), allowing impurities to subside, and
ladling out the clarified sulphur into moulds.
Such material, however, is usually suitable for
direct distillation to form flowers and purified
brimstone, and is more usually worked up in
that way, so that the old ' pan ' process of melt-
ing is now comparatively rarely employed,
except in certain localities out of the way of
European trade. According to Warnford Loek
(Journal Soc. Arts, 1884, p. 792), the method
involving a similar mechanical séparation of
impurities by fusion under a concentrated solu¬
tion of calcium chloride boiling at about 115°C,
is virtually a failure, as ' the very slight dif¬
férence in spécifie gravity between the sulphur
and the associated impurities from which it has
been melted out practically precludes any real
séparation taking place.' C. Vincent, however,
reports favourably on the process when the
liquor used is of boiling-point not less than
120°C. (Bl. 40, 528). When superheated steam
is substituted for the aqueous solution of
calcium chloride much better results are

attained ; in Nevada and California, and to
some extent in Italy and Sicily, this process has
been successfully adopted, the apparatus used
consisting essentially of a cylindrical or slightly
conieal iron vessel about ten to twelve feet high
coated with non-conducting material, and

divided into an upper and a lower compartment
by a horizontal sheet iron diaphragm perforated
with holes (fig. 1). A charge of about 2 tons of
ore is introduced into the upper compartment,
and steam of 60 to 70 lbs. pressure supplied, so
that the température rises to 111°C. and up-
wards ; the sulphur then melts, and runs down
through the diaphragm into the lower compart¬
ment, whence it is drawn off from time to time.
Ores too poor to be worked successfully in any
other way eau in many cases be profitably
treated by the steam process, as the loss of
sulphur through oxidation is nil, whilst only a
small quantity remains in the exhausted ore ;
but the cost of working is far greater than in
the older liquation processes,1 where the heat

Fig. 1.

generated by the combustion of part of the
sulphur in a mass of piled-up sulphur rock is
employed to melt out the rest of the sulphur ;
accordingly these proeesses are still those most
extensively employed in Europe, notwithstand-
the two-fold disadvantage that much sulphur is
neeessarily lost as escaping sulphur dioxide
formed by combustion, and that this sulphur
dioxide acts most deleteriously on crops and
végétation ; so that the combustion process in
many cases cannot be worked continuously ail the
year round, but only in the winter montlis, after
the harvest has been gathered in and before the
spring fairly commences.

] 1*87 francs per 100 kilos, sulpliur by the steam process
as compared with 0'47 francs by calcarone, royalties for
patent rights, or payable to landowners, not being taken
into account (Lunge_).
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Formerly the heaps of sulphur rock thus
t'reated were of oomparatively small size—only
a few feet in diameter (calcarelle) ; but these
sinall stacks bave now been generally superseded
by miick larger, partially walled-in kilns (cal-
carone or calcherone), whieh are less wasteful.
In the calcarelle System, the ground on the side
of a slope is beaten hard to render it impervious,
and the stack built up with larger lumps at the
base and somewhat smaller pièces in each suc¬
cessive layer, in sueh a fashion that the lowest
point of the slope on which the stack stands
forms an angle, the soil being banked up a few
inches ail round the base ; or else the ground
being somewhat trenched out, so as to form a
kind of saucer, in which the stack is built. The
heap being fired on the top and air having free
access ail round, combustion goes on rapidly, so
that ail the sulphur in the rock at the external
portions of the heap is consumed, and only that
from the central portion melted out without oxi-
dation ; this fused sulphur runs down the
sloping floor to the lowest portion of the trench,
where a rough doorway (morto) of lumps of stone
not containing sulphur allows its egress to wet
wooden ingot moulds, in which it is cast into
cakes weighing about 50 kilograms (1 cwt.)
(balate). Much the same arrangement, on a
larger scale, is employed in the' calcarone, saving
that here a masonry retaining wall several feet
high is built up round a sloping circulai- bricked
sole (in some cases only round the lower half of
the floor), whilst the stack is covered over with
genese (spent smalls from previous opérations),
so as to exclude air, excepting that entering
through orifices or rough chimneys built up in
the stack for the purpose with larger frag¬
ments of sulphur rock. The heap is fired by
means of bunches of grass, &c., dipped in sul¬
phur, thrown down these openings, or at the
back when not entirely surrounded by a wall,
and the melted sulphur produced drawn off
through the morto, either continuously or by
tapping at intervais. A calcarelle containing
some 4 to 6 tons of material, requires only about
3 days to build up and work off, the yield of sul¬
phur being rarely more than one-fourth or one-
fifth of that contained in the rock treated, when
this contains 30-35 p.c. of sulphur; whilst a
calcarone containing 200 to 2,000 tons requires
from 1 to 3 months, and yields, under favourable
conditions, not far from two-thirds of the sulphur
originally présent in the form of balate or ingots.
The time of working and yield are naturally
much influenced by the weather and nature of
the rock. Heavy rains interfère seriously with
the working by lowering the température, whilst
a sirocco is apt to cause an unduly rapid com¬
bustion of sulphur on the side where the wind
impinges. Again, some varieties of sulphur
rock burn and liquate much more readily than
others. When air bas access to calcareous sul¬
phur seams, asnear their outcrop, oxidation and
formation of calcium sulphate occurs, forming
gypsum as a disintegrated mass, termed briscale.
When gypsum is contained in the material li-
quated loss of sulphur occurs from two causes,
especially towards the end, when the tempéra¬
ture is highest : firstly, heat is caused by va-
pourising the water of crystallisation—i.e. more
sulphur must be burnt to supply the requisite

heat; and, secondly, sulphur and calcium sul¬
phate react on one another, forming calcium
sulphide and sulphur dioxide, thus—

CaS04 + 2S = CaS + 2SO„.
Calcium carbonate and sulphur similarly form
calcium sulphide and sulphur dioxide at high
températures. An improved form of calcarone
has been introdueed by P. Le Neve Foster,
where the heat generated in a heap built up in
the ordinary way is utilised to liquate a second
mass of rock in a brickwork kiln at its back.
The products of combustion in the heap at first
pass off, and the sulphur is collected in the
ordinary way ; but when the process is finished
the heat of the residualignitedmass is employed
to raise the température of a current of air
drawn into the kiln by a flue communicating
with the base of the heap. The oxygen of this
air mostly becomes sulphur dioxide by burning
off the small amount of residual sulphur in the
heap, so that the kiln is fed with a stream of
hot gases, which liquate the sulphur from the
rock in the kiln without wasting it to any great
extent by oxidation (Warnford Lock, l.c.).
Durand's kiln is an ordinary calcarelle, some 6
or 7 feet square, surrounded by a masonry wall,
with door-holes for diseharging spent material,
and covered in with an arched roof, with a

charging-hole in the centre. The liquated sul¬
phur runs off in the usual way, whilst a small
additional quantity is condensed in a flue
through which the products of combustion are
made to pass. Obviously, a covered-in kiln per-
mits of easy régulation of the air supply, ancl its
action is independent of the weather, but the
cost of construction and working is greater than
in the case of open staeks. K. Walter has
patented a form of apparatus whereby the sul¬
phur dioxide formed during the combustion of
part of the sulphur is utilised for the manufac¬
ture of sulphuric acid (Z. 1886, p. 1199).

B. Distillation processes. Incertain Eastern'
localities the native sulphur is separated from
intermixed calcareous matter, &c., by a process
of distillation, or sublimation, in earthen pots,
one heated by a fire serving as alembic, and

Fia. 2.

another, inverted over it, as condenser. In
Europe smalls too fine to burn in calcarone are
sometimes distilled in a sériés of iron vesselS

(d'oppione), arranged in a double row, heated by
a gallery furnaee (fig. 2), the vapours being re-
ceived in condensera after passing through long
slanting iron Connecting tubes, one condenser
suflficing for two distilling vessels ; but this ap¬
paratus is more frequently employed to purify
the crude sulphur run out from the calcarone.
When flowers are manufactured the appliances
used consist of a pair, or larger set, of retorts,
something like those used for coal gas, in which
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the brimstone is vapourised, the vapour passing
into a capacious chamber, in which it condenses
as flowers as long as the température is be-
low the melting-point of sulphur. To supply
eaeh retort a pan at a higher élévation is ar-
ranged, heated by the waste heat, so as to keep
brimstone just fused therein ; this melted brim¬
stone is allowed to flow into the retort by means
of a valve closed by a plug, with a rod attached
as a handle, whereby a continuous or intermit¬
tent supply can be obtained. If the process is
worked for some time, the walls of the con-
densing chaxnber become so hot that the sulphur
condenses in the liquid state, when either the
distillation is stopped or else the liquid distilled
sulphur is run off into conical moulds, and cast
into 'rolls' or 'sticks.' In some localities (e.g.
at Badoboi, in Croatia) the native sulphur rock
is heated in retorts, and the evolved vapour led
directly into a large condensing chamber, so as
to produce flowers at the first opération ; whilst
at Swoszowice, near Cracow, tubular slanting
retorts have been employed in such fashion that
part of the sulphur was liquated, and ran away
at the lower end, whilst the rest was volatilised
and condensed. From ores containing about 10
p.c. of sulphur a yield of about 6| p.c. was ob¬
tained.1

C. Solution processcs. Bollman has pro-
posed the use of carbon disulphide as a solvent
for sulphur for the purpose of separating it from
earthy matters, the extraction process being
worked methodically, and the carbon disulphide
being recovered by distillation, first at a gentle
heat and then by superheated steam, so as to
fuse the residue of sulphur left in the distilling
vessel. The process was tried experimentally
near Naples as far baek as 1868, but hitherto
does not appear to have been very extensively
adopted. Warnford Lock (lus.) gives a plan
of a set of apparatus designed to treat 20 tons
daily of raw sulphur material containing 50 p.c.
of sulphur. Pelouze has proposed to use coal¬
tar oils as solvents instead of carbon disul¬
phide, as being cheaper and less liable to loss
through volatility. For laboratory purposes,
especially the valuation of native sulphur rock,
the disulphide process is a very convenient one,
the amount of sulphur présent in the sample
operated on being either directly found by eva-
poration of the solvent, or inferred from the
spécifie gravity of the solution (v. Sulphuric
acid, p. 716). In the process of vuleanising
various classes of goods, sulphur chloride con¬
taining more or less free sulphur in solution is
employed ; but such fluids are generally pre-
pared from purified sulphur, rather than from
the crude native material.

II. Sulphur froji Native Metallic Sclphides.

Several methods have at différent times been
used, to a greater or lesser extent, for the pur-
pose of obtaining sulphur from sources of this
kind. Of these the principal are :

1 In 1885 these mines, which have been worked since 1422,
suspended opérations, as the cost of extraction precluded
their being carried on profitably as compared with the
market price of sulphur. The product was mostly used
locally for making carbon disulphide, employed in the vine-
yards of the Austrian empire as a cure for phylloxéra (Soc.
Arts Journal, 1885, 38).

(a) The direct process of heating, whereby
sulphur is volatilised and obtained in the free
state by condensation.

(b) The combustion and réduction process,
where sulphides are roasted and the sulphur
dioxide obtained again reduced by means of in¬
candescent carbon, &c.

(c) Conversion into volatile sulpliur com-
pouiuls, especially sulphuretted hydrogen, by
heating in contact with organic matter, and treat-
ment of the gas produced, or of compounds
thereof condensed by coolingthe vapour evolved,
in various ways, so as to obtain the sulphur
therefrom.

(d) Conversion successively into sulphur di¬
oxide, sulphuric acid, saltcake, blackash, and
vat waste, and treatment of the latter in a variety
of ways so as to extract the sulphur.

Processes of the first and second kinds are

now but little employed, excepting as an ad-
junct to the manufacture of fuming sulphuric
acid (q. v.), on account of the impurity of the
sulphur obtained, considérable quantities of
arsenic, amongst other things, being usually
présent. Processes of the third elass are used
to a considérable extent as regards the by-pro-
ducts formed in eoal-gas making, in which
industry the sulphur of the pyrites dissemi-
nated through the coal is largely expelled as
sulphuretted hydrogen and other volatile com¬
pounds, and is partly collected as sulphide of
ammonium, &c., in the ammoniacal liquors,
partly removed from the crude gas by means of
' purifiers ' of various kinds. Methods of the
fourth kind have long been employed, not so
much on account of the profit derivablefrom the
extraction of the sulphur, as for the diminution
of the nuisance caused in various ways by the
accumulation of large quantities of vat waste in
the vicinity of the works producing it ; recent
improvements, however, have enabled the ex¬
traction to be carried out highly profitably, or,
what practically amounts to much the same
thing, have caused a large réduction in the
price of sulphur minerais, in view of the effect
on the trade which would be produced by the
extensive adoption of methods for the economical
extraction of sulphur from vat waste.

(a) Direct heating. When pyrites FeS. is
heated in the absence of air, somewhat less than
one half of the sulphur contained is expelled, in
accordanee with one or other of the reactions

3FeS2 = Fe3S4 + 2S.
_7FeS2 = Fe7S8 + 6S.

Formerly considérable quantities of sulphur were
prepared, especially in Bohemia and Silesia, by
heating pyrites in clay retorts arranged in a
gallery furnace, the residual iron sulphide
being oxidised by weathering, so as to convert
it into sulphate of iron, utilised for the pré¬
paration of fuming sulphuric acid (q. v.). On
roasting copper pyrites in heaps (somewhat after
the fashion of the Sicilian calcaroni) a portion
of the sulphur présent is volatilised and con¬
denses in the eooler parts of the mass, some-
times accumulating in eavities scooped out to re-
ceive it in the upper part, sometimes condensing
in underground flues, when the heap is built on
a brickwork floor with openings into the flues,
and when well lit covered with sods, earth, &c.,
so that the products of combustion are made to
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traverse the flues. Yarious forms and disposi¬
tions of the heap, and various arrangements of
floor, retaining walls, flues, and condensing
chambers, &c., have been adopted, with différent
kinds of ore and in différent countries ; but for
the most part these are but little used at the
présent day, the sulphur contained in such
metallip ores being now more frequently con-
verted into vitriol by roasting in appropriate
kilns and conveying the gases to the vitriol
chamber.

(b) Oxidation and réduction processes. A
number of processes have been proposed, ail
essentially based on the treatment of sulphur
dioxide (prepared by roasting metallic sulphides
or by burning sulphuretted hydrogen, &c.) with
reducing agents at a moderately high tempéra¬
ture. Thus in 1839 Dyar and Chisholm took
out a patent for the use of the mixture of hydro¬
gen and carbon dioxide formed by the action of
steam on hot coke, this being made to act on
the gases from burning pyrites, the reduced sul¬
phur being colleeted in a suitable condensing
chamber. In 1843 Newton patented arrange¬
ments for the similar action of red-hot coke or

gaseous hydrocarbons on pyrites gases ; and in
1844 Lee patented the use of red-hot fuel for
the similar réduction of the gases produced by
burning sulphuretted hydrogen disengaged from
vat waste, the gases being passed through a fire
of ordinary coal or coke so arranged as to main-
tain at a red heat a flue or chimney filled with
bricks, the products of combustion passing into
this flue through interstices in the brickwork.
The contact action of the brick surfaces (pro-
bably especially of ferrie oxide therein) caused
the interreaction of any undecomposed sulphur
dioxide, and the sulphuretted hydrogen and car-
bon disulphide produced in contact with the fuel,
so that little but free sulphur vapour resulted.
In 1854 Spence patented a pyrites kiln contain-
ing a central vertical earthenware tube filled
with coke, and so arranged that the products of
combustion in the kiln passed downwards again
through this tube, whereby the sulphur dioxide
became largely deoxidised to sulphur ; and
shortly after he found that the same resuit could
be brought about by simply mixing coke and
pyrites in an ordinary kiln in alternate layers.
None of these processes, nor various other
analogous ones proposed by other inventors,
appear to be at work to any notable extent at
the présent day,1 excepting in so far as sulphur
dioxide, produced by roasting pyrites, &c., is em-
ployed to react on sulphuretted hydrogen or
alkaline sulphides (as in certain processes for
extracting sulphur from alkali waste—e.g. Mac-
tear's, v. p. 692), whereby the sulphur of the
sulphur dioxide is ultimately obtained along
with that derived from the other substances.

(c) Sulphur from coal gas by-pvoducts.
These substances are essentially of two kinds,
viz., the liquids obtained by the condensation of
the vapours evolved during the carbonisation of
coal, or the further scrubbing of the permanent
gases so as to remove sulphur compounds
therefrom ; and the solid residues discharged

1 P. Bellingrodt describes (S. C. I. 1886, p. 531) a pro-
cess for preparing sulphur by deoxidising sulphur dioxide
by means of red-hot coke, used at Oberhausen in the treat-
luent of a ziuc blende contaiuiug mercury.

from the purifiera. In the former the sulphur
chiefly exists in the form of ammonium sulpliidc
or sulphydrate, smaller amounts being présent
as sulphocyanide, <Src. ; in the latter the con¬
dition of the sulphur varies with the nature of
the purifying agent. When lime is used the ulti-
mate effect is to form calcium sulphydrate by
the absorption of sulphuretted hydrogen, thus

Ca0,H20 + 2H..S = CaS,H2S + 2H20,
provided that carbon dioxide is absent ; otherwise
décomposition ensues, thus CaS,H2S + H20 + CO.
= CaC03 + 2H2S. The calcium sulphydrate also
absorbs carbon disulphide vapour, forming pro-
bably calcium sulphocarbonate CaS,CS2or CaCSj,
again provided that carbon dioxide is absent;
otherwise this compound is decomposed thus
CaCS3 + H.,0 + C02 = CaCO., + H^S + CS2. Hence
of a sériés of lime purifiers, the earliest will
mainly contain calcium carbonate after long
action, any sulphydrate and sulphocarbonate
formed at first having been subsequently decom¬
posed again by the entering earbonic acid ; whilst
the later ones will contain sulphydrate and sul¬
phocarbonate, with little or no carbonate, the
carbon dioxide having been ail absorbed in the
earlier vessels. When hydrated ferrie oxide is
used the action is quite différent, ferrous sul-
phide and free sulphur being formed, thus;
Fe203,3H,0 + 3H2S = 2FeS + S + 6H20. By ex-
posing the sulphurised mass to moisture and
air, the iron becomes again converted into
hydrated oxide, with séparation of sulphur, thus
2FeS + 3H20 + 30 = Fe203,3H20 + 2S, so as to be
capable of use over again. this process of ' revivi-
iication ' being carried out several times until the
mass contains more than half its weight of free
sulphur. From the' product sulphur can be
readily obtained as flowers or as brimstone by
simple distillation ; or the mass can be burnt in
a specially arranged kiln for vitriol making, or
otherwise utilised as impure sulphur. In actual
practice it is usually found convenient to alter¬
nate lime purifiers with iron oxide ones, in such
a fashion that the former remove ail carbon
dioxide from the gas before it enters the iron
purifiers, where the sulphuretted hydrogen is
mainly removed. Working in this way, carbon
disulphide vapour is but little absorbed, so that
supplementary purifiers are requisite containing
lime that lias largely been transformed into
sulphydrate by the action of the crude gas, not
continued so long as to cause the further de-
composition brought about by excess of carbon
dioxide ; finally, the gas passes through an iron
purifier to remove any traces of sulphuretted
hydrogen liberated during the absorption of
carbon disulphide.

(las lime, consisting chiefly of calcium sul-
phide or sulphydrate, can be treated by sulphur
recovery processes in the same way as vat waste
(v. p. 690). Thus in 1861 A. Noble patented a
method, involving much the same principles as
Mond's and Schaffner's processes for treating the
latter, consisting in submitting the liquor ob¬
tained by the action of water on vat waste or
gas lime -to the action of sulphurous acid, whereby
sulphur is precipitated whilst calcium tliiosul-
phate remains in solution. More frequently,
however, gas lime is used as an insecticide
manure, when praeticable to dispose of it thus,
it being in most localities a waste product apt to
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entail nuisance, and requisite therefore to be got
rid of in the simplest way possible. Owing to
the présence of sulphocyanides &c. in it, it is
sometimes possible to utilise it in the manufac¬
ture of certain chemicals, but only rarely.

Ammoniacal gas liquoris of more importance
as a source of ammonia than on account of the
sulphur it contains ; by scrubbing the crude gas
over again with the ammoniacal liquor condensed
in the earlier stage, a further quantity of sulphu-
retted hydrogen is removed, together with carbon
dioxide, and a liquid obtained containing little,
if any, free ammonia, but, instead, carbonate or
acid carbonate, and sulphide or hydrosulphide,
in such quantity that on heating to a tempéra¬
ture somewhat short of 100°C. these compounds
are decomposed, and a mixture of sulphuretted
hydrogen and carbon dioxide expelled, whilst
the residual ammoniacal liquor is capable of
being used over again after cooling to purify
more crude gas, and so on continuously. A
similar mixture of gases results when ammonium
sulphate is made from gas liquor ; for this purpose
the liquors are boiled either alone or with lime,
and thevapours evolved blown into ' saturators,'
or lead-lined vessels containing sulphuric acid,
so that ammonium sulphate is formed, whilst
carbon dioxide and sulphuretted hydrogen are
set free from the décomposition of the volatile
ammonium salts passing over with the steam.
Many attempts to utilise the impure sulphu¬
retted hydrogen thus formed have been made ;
frequently avoidance of nuisance was the chief
thing aimed at rather than profit, so that in such
cases the issuing gases were simply passed
through a fire so as to burn the sulphuretted
hydrogen, the produots of combustion being
allowed to escape ; in others, iron oxide puri-
fiers were employed, which, however, required
to be of enormous size on account of the large
quantity of sulphuretted hydrogen and the eom-
paratively slow action of iron oxide thereon.
Farmer, in 1864, patented the use of the sulphu¬
retted hydrogen thus obtained for vitriol-making,
burning the gases to sulphur dioxide,1 and pass¬
ing this into the vitriol chamber ; but the large
quantity of carbon dioxide présent rendered this
practically a failure. Wallace and Claus, in
1877, proposed to treat sodium or potassium
sulphide with the mixed gases so as to produce
sodium or potassium carbonate, and almost pure
sulphuretted hydrogen easily capable of use for
vitriol-making ; the carbon dioxide reacting on
the alkaline sulphide precisely as above de-
scribed on calcium sulphide. This process
does not seem to have come into manu-

facturing opération ; obviously it might be
applied to gas lime (or vat waste when obtain-
able) as well as to alkaline sulphides. The
most successful plan of dealing with such
gases is that patented by Claus in 1882, in
which a regulated stream of the gases contain¬
ing sulphuretted hydrogen is mixed with a
quantity of air containing just enough oxygen
to combine with the hydrogen of that gas, the

' To insure proper combustion the gases are passed
through an ordinary pyrites kiln or smalls burner ; sul¬
phuretted hydrogen obtained as a by-product in certain
chemical manufactures (e.g. the action of hydrochloric
acid on galena in the production of oxycbloride of lead)
has long been successfully treated in this way (Favre,
Patent No. 1,298,1855).

Vol. III.- T

mixture being then passed through a peculiar
' kiln ' or brickwork chamber containing hot
ferrie oxide ; this aets as a carrier of oxygen
from the air, so that ultimately (with a properly
adjusted air supply) the hydrogen of the sul¬
phuretted hydrogen is oxidised to water and the
sulphur set free, the reactions being (so far as
the oxide of iron is concerned) as follows :

œFe2Oa + FLH = FefflOB_, + H„0 + S
+ 0 = xlle203.

At a température of about 200° this action goes
on regularly, the beat liberated by the oxidation
going on sufficing to maintain the température
without the use of any other fuel. Previously
many unsuccessful attempts had been made to
obtain sulphur from the partial combustion of
impure sulphuretted hydrogen (in some cases
from gas by-products, in others from vat waste)
by Blair,' Kopp, and others, the principal prac-
tical difficulty encountered being the irregularity
in the composition of the mixture of gases
dealt with, which prevented the proper régula¬
tion of the air supply, and thus led to loss
of sulphur, either from excess of sulphuretted
hydrogen being présent which escaped un-
changed, or from excess of air being supplied,
whereby sulphur dioxide in excess was formed,
which again escaped ; in either case nuisance
being ereated. This resuit also bappens with
Claus's kiln ; but when suitable précautions arc
taken as regards the supply of sulphuretted
hydrogen (more espeeially when a tolerably
equable stream of gases is produced by running
a continuons stream of gas liquor saturated with
carbonie acid and sulphuretted hydrogen through
a heating arrangement) tbere is said to be no
practieal difficulty in so exactly regulating the
air supply that only inconsiderable quantities of
gases containing sulphur escape, whilst the
liberated sulphur is readily condensed as liquid
brimstone, or even as flowers, though the
amount of steam présent in the vapours issuing
from the kiln renders the former the more con-

venient course. Eecently this process has been
employed successfully by A. M. Chance in obtain -

ing sulphur from sulphuretted hydrogen pre-
pared from vat waste (v. p. 694). Either on
account of the sulphuretted hydrogen thus
obtained being more dilute, or for some
other reason, it is very difficult to obtain the
entire quantity of sulphur contained in the sul¬
phuretted hydrogen in the free state ; exeess of
air necessarily causes formation of sulphur
dioxide, but even when this occurs, the reaction
of this gas on sulphuretted hydrogpn is not
easily rendered complété, so that both sulphur
dioxide and sulphuretted hydrogen are apt to
co-exist side by side in the issuing gases, thus
necessitating scrubbers or other auxiliary appli-
ances to push the reaction further.

C. W. Heaton (Pat. No. 21,217, 1890) em-
ploys for this purpose a ' supplementary Clans
kiln,' packed with oxide of iron or manganèse ;
a sufficient volume of air is intermixed with the
gases escaping from the ordinary kilns, and the
whole passed through the supplementary kiln
so as to convert ail sulphur vapour, sulphuretted
hydrogen, or other sulphur compounds présent

Patent No. 313, 1858.
Y Y
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into sulphur dioxide, whieh is absorbed by an
alkaline solution in a suitable serubber with the
production of a sulphite.

Analysis of spent gases from the Claus kiln.
The gases eseaping from a Claus kiln, used
for preparing brimstone from sulphuretted hy-
drogen prepared by Chance's process, contain
simultaneously sulphuretted hydrogen and sul-
phur dioxide, so greatly diluted by foreign gases
(mainly 'nitrogen) that their mutual reaction
takes place only èxtremely slowly. Crowther's
method of analysis consists in passing the gas
through solution of hydrogen peroxide, whilst
another portion is simultaneously passed through
iodine solution ; the latter converts sulphur
dioxide into sulphuric acid, with formation of
hydriodic acid, and acts on the sulphuretted
hydrogen, evolving sulphur, thus :

SO., + 2H20 +I2=2HI + H„S04
H2S + I, = 2HI + S,

whilst the former acts in accordanee with the
équations

S02 + H„02 = H.,S04
H„S -t- H202 = 211,0 + S,

so that the sulphur dioxide is measurable by
titrating the acidity of the fluid after the action
due to the sulphuric acid formed ; and by sub-
tracting this from the iodine consumption the
sulphuretted hydrogen is found. According to
G. Lunge (S. C. I. 1890, 1018), the eurrent of
eseaping gas carries away iodine from the fluid,
so that the sulphuretted hydrogen is apt to be
over-estimated unless the iodine is intercepted
by a caustic soda absorption tube, the contents
of which are added to the rest of the fluid
before titration. But a préférable modification is
ro leave out the hydrogen peroxide treatment,
and simply pass the gas through iodine with the
additional soda tube containing standardised
soda solution. The total fluid, if alkaline, is
acidified with a known quantity of standard
acid, and the iodine titrated with thiosulphate ;
after which the acidity is determined, using
methyl orange as indicator, using decinormal
solutions ; if m c.c. be the iodine consumption
(différence between iodine originally employed
and thiosulphate originally used), and n (which
must < m) the soda solution employed to
absorb iodine, and o that used at the end to
establish neutrality, then the sulphur présent in
the forms of sulphur dioxide and sulphuretted
hydrogen are

S in H2S and S02 jointly = -0016 m
S in SÔ2 alone = -0016 (n + o—m).

(cl) Extraction of sulphur from vat waste.
For many years attempts have been ruade to
utilise the waste oxysulphide of calcium left
undissolved when blackash is lixiviated, mostly
based on its conversion into sulphur or sulphur
compounds, either directly saleable themselves
or capable of use in manufacture. Of these
earli'er attempts, those of Gossage are the most
important, based on the production of sul¬
phuretted hydrogen and its subséquent conver¬
sion into sulphuric acid. These experiments
led to a sériés of patents being taken out in
1837 and subséquent years, the vat waste being
decomposed by waste hydrochlorie acid (at that
time far less valuable than now) or by the acid

manganèse chloride solution from the bleaching
powder stills, or by furnace or limekiln gases
containing earbon dioxide, so as to form cal¬
cium chloride or carbonate and sulphuretted
hydrogen, a sériés of decomposing vessels being
employed in the latter case so as to insure the
utilisation of practically ail the Carbon dioxide.
The production of vitriol from the diluted sul¬
phuretted hydrogen thus obtained proved in
practice a failure, on account of the large bulk
of nitrogen which rendered the gases produced
by combustion too dilute for successful employ-
rnent in the vitriol chamber, apart from various
other inconveniences due to irregularity in the
composition of the furnace gases &e. employed,
and other causes. Attempts to concentrate the
sulphur dioxide produced on burning by absorp¬
tion in water, and then heating the liquid to
expel the dissolved gas and obtain it free from
nitrogen, also proved eommereially unsuccess-
ful ; as also did processes for obtaining free
sulphur from the sulphuretted hydrogen by
making the gases react on ferrie chloride solu¬
tion, the reaction ensuing being Fe2Cl6 + H,,S =

FeCl2 + 2HCl + S, the acid ferrous chloride solu¬
tionbeing then peroxidised by the action of air and
used over again. No better success, eommereially
speaking, attended later attempts (1859) topro-
duce sulphur by the mutual reaction, at a tem¬
pérature of 120°F. (49°C.), of part of the sul¬
phuretted hydrogen and the sulphurous acid
produced by the combustion of the remainder
thereof, or by the reaction of oxides of nitrogen
upon sulphuretted hydrogen. Nor were various
other inventors more successful than Gossage
in utilising sulphuretted hydrogen from vat
waste; e.g. Lee (1844), who burnt the gases and
passed the products of combustion through
red-hot coke so as to obtain free sulphur ; Blair
(1858), who burnt the gases in a limited supply
of air so as to oxidise the hydrogen only of the
sulphuretted hydrogen, and set free the sulphur;
and Spencer (1859), who attempted to use the
coal-gas iron oxide purifier System for vat waste
gases. Recently, however, ail the practical
diffieulties encountered by Gossage have been
successfully overcome by Chance, by modifying
the appliances used in such a way as to obtain
a nearly equable supply of gas much richer in
sulphuretted hydrogen than any obtained by
Gossage, and of practically constant composi¬
tion, so that its employaient for vitriol-making
can be profitably carried out (v. p. 694).

A mode of partially utilising vat waste was
devised by Losh in 1852, based upon the
spontaneous absorption of oxygen by the moist
product when exposed to the air, whereby at a
certain stage calcium thiosulphate is produced
along with other substances. By lixiviating with
water the oxidised waste and adding sodium car¬
bonate (or sulphate) calcium carbonate (or sul-
phate) is precipitated, and sodium thiosulphate
obtained by evaporation and recrystallisation of
the erude crystals deposited. Only a small
fraction of the sulphur contained in the vat
waste, however, is thus obtained in the form of
sodium thiosulphate ; whilst, as the demand
for that sait is limited, the process does not
admit of widely extended use, altliough quite
successful eommereially as far as it has been
adopted.
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An entirelv différent proeess was patented by
I. L. Bell shortly afterwards, eonsisting in smelt-
ing in a blast-furnaee a mixture of burnt pyrites,
rat waste, coke, and a little clay or flux, with the
resuit of producing ' factitious pyrites,' or fused
sulpbide of iron, tapped out of tlie furnace at
intervais. The dilïiculty experienced in burning
this material, and various other causes, however,
rendered the process commercially unsuccessful
at the then price of pyrites, and it was given up
aftev working to the extent o£ some 4,000 to
5,000 tons of factitious pyrites at a eost équiva¬
lent to about sixpence per unit of sulphur per
ton (Transactions of the Newcast'e-upon-Tyne
Chemical Society, i., p. 117).

According to Kraushaar (D. P. J. 226, 412),
when vat waste is subjected to the action of hot
water at 5 atmosphères pressure, it breaks up
largelyinto calcium hydroxide and sulphydrate,
thus :

2CaS + 2H,0 = CaS,H,S + CaO,H20.
The sulphydrate solution thus formed is useful in
the leather industry ; or it may be mixed with
the liquid resulting from the atmospheric oxida-
tion of vat waste so as to produee free sulphur
on acidification, as in Mond's process (vide infra).

The tendency of vat waste to oxidise spon-
taneously in the air, forming successively poly-
sulphides of calcium, thiosulphate and other
less oxidised sulphur salts, and finally calcium
sulphite and sulphate, has been long known, and
many years before Losh employed this action as
a commercial source of thiosulphates attempts
bad been made to utilise it for the isolation of
free sulphur. Some of the earliest notable ex-
periments in this direction were those of T. H.
Leighton (1836), whilst many later ones were
made by others, more especially by Townsend
and Walker (1860), and Jullion (1861). But
little success attended these attempts ; be-
tween 1861 and 1865, however, the subject was
laken up, on the one hand by Mond (working
fh'stly under the direction of Guckelberger and
subsequently on his own account), and on the
other by Schaffner, with the resuit of the élabora¬
tion of two moderately successful processes
exbibiting considérable similarity in général
principles, but differing in détails and the ap-
pliances employed to carry them into practiee.
In eaoh case the leading feature is atmospheric
oxidation up to a certain point, lixiviation with
water to dissolve out soluble compounds, and
treatment of the insoluble matter in the same

fashion a second time, or more often suc¬
cessively ; this alternate oxidation and solution
being adopted instead of one oxidatioil only for
a longer period, as in that case a much smaller
yield of sulphur wonld be obtained through the
larger formation of calcium sulphate. In this
way liquors are obtained of more or less différent
composition, according to circumstances, poly¬
sulphides and hydrosulphides predominating in
the earlier stages of oxidation, and thiosulphates
being formed to a large extent latterly. By con¬
tinuai analysis of the products the progress of
the oxidation can be checked at the right stage,
and the constitution of each batch of liquors
worked oiï can be determined, so that poly-
sulphides, sulphydrates, and thiosulphates of
calcium and sodium are contained in any
given mixed lot of liquors in the right propor¬

tions, viz. when the bases (calcium and sodium)
présent as thiosulphates are as nearly as possible
équivalent to those présent in the form of poly-
sulphides and sulphydrates. When this is tlïe
case, addition of an acid (hydrochloric acid
usually) to the liquor causes the précipitation of
sulphur in three ways, viz. (1) the décomposition
of the thiosulphate, thus :

CaSA + 2HC1 = CaCL, + H20 +S02+S ;

(2) the décomposition of the polysulphides, thus :

CaS* + 2HC1 = CaC^ + H,S + (as — 1) S,
ancl (3) the reaction of sulphurous acid formed in
the first way (and by the décomposition of sulphite
when présent) upon the sulphuretted hydrogen
evolved from the polysulphides by the second
reaction, and from the sulphydrates when
présent, by the reaction

CaS,H2S + 2HC1 = CaCl2 + 2H2S ;

the liquors consequently should be of such com¬
position that on acidulation neither sulphuretted
hydrogen nor sulphurous acid should be formed
in excess.

Mond's process. In this proeess the alkali
waste is treated in the tanks in which it is left
after drawing olï the soda liquors with a strong
air-current introdueed by a blowing engine under
the ialse bottom of the tanks ; rapid oxidation
sets in, and the mass heats strongly. After some
14 or 16 liours the action has gone on to the most
advantageous extent ; the blowing is then dis-
continued and the mass lixiviated, first with weak
liquor from a previous opération, thus forming
strong liquor drawn off for use, and then with
water, thereby producing weak liquors employed
subsequently to lixiviate another batch. The
blowing is then again proceeded with, after which
the mass is again lixiviated and the process re-
peated, sometimes even a fourth or fifth time.
Duplicate or triplicate sets of tanks are used, so
that the lixiviation of blackash for soda may go on
in one set whilst the others are in use for oxida¬
tion of the waste, each set being carefully cleaned
out before being used again for soda lixiviation.
Inasmuch as carelessness in cleaning leads to
much damage of the soda liquors by formation
of sodium sulphide, it is sometimes preferred
to remove the waste from the soda lixiviation
tanks to others in which it is separately blown,
notwithstanding the greater cost for labour
thereby entailed. If the blowing opérations
have been properly adjusted the resulting mixed
strong liquors contain about twice as much cal¬
cium and sodium as polysulphides as they do in
the form of thiosulphates, so that on the addition
of hydrochloric acid the following is the chief
change taking place (practically the sum of the
three changes above-mentioned) :

2CaSj, + CaS203 + GHC1
= 3CaCI2 + 3H20 + (2 + 2œ)S.

If excess of sulphide is présent, sulphuretted
hydrogen is disengaged, and if excess of thiosul¬
phate, sulphur dioxide; as the latteris less objec-
tionable than the former, the liquors should be so
regulated that if anything be in excess it should
be the thiosulphate rather than the polysulphide.
The décomposition is effected in an ordinary
tank or tub at a température of 60-65°, so as
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to diminish the tendency to form calcium tri-
thionate, and consequently calcium sulphate,
which is apt to occur at the boiling-point in ac-
cordance with the reaction

oCaS203 + 6HC1 = 3CaCl„ + 3H,0 + 2CaS30„ + 4S
CaS306 = CaS04 + S02 + S.

To insure the proper composition of the liquors
these are carefully analysed, and the blowing
opérations controlled by the aid of systematic
tests of the resulting oxidised product. The
deposited sulphur is collected on Btrainers and
then melted by high-pressure steam in an auto¬
clave, along with a little lime (to neutralise acid
and dissolve arsenic), so as to form brimstone,
which settles to the bottom and is blown off
into a receiving vessel, whence it runs into
moulds ; this part of the treatment being essen-
tially due to Schatîner, who devised a somewhat
more complex piece of apparatus for the fusion.

Schaffner's process. The oxidation is here
effeeted by exposure to air in heaps for some
rveeks ; the mass is then broken up, and, after
24 hours' further exposure, is lixiviated. The in¬
soluble portion is then again oxidised by ex¬
posure to air, or Mond's System of oxidation by
an artificial blast blown through the mass after
drawing off the liquors is adopted, and the
oxidised mass again lixiviated, and the process
repeated. Instead of treating the resulting
liquors with hydrochloric acid in suflficient
quantity to décomposé ail calcium salts at once,
Schaffner effeets the décomposition in two stages,
using two similar vessels in succession. The
first one being charged with liquor, just so much
acid is added as suffices to décomposé ail the
polysulphides présent, whereby sulphur is pre-
cipitated and sulphuretted hydrogen evolved ;
this latter is allowed to escape. Next, suffïcient
hydrochloric acid is further added to décomposé
the thiosulphates présent, and the liquor heated
up by blowing in steam. More sulphur is thus
precipitated, whilst sulphur dioxide escapes with
the issuing steam. This is blown into the second
vessel containing a second batch of liquor, when
the sulphur dioxide décomposés the polysulphides,
with précipitation of sulphur and formation
mainly of thiosulphates. If the liquors are of
the proper eharaeter, ail polysulphides are thus
decomposed by the time that ail the sulphur
dioxide has been expelled from the first vessel.
The contents of the first vessel (chloride of cal¬
cium and sodium, sulphate of calcium, and sus-
pended sulphur) are now discharged, and fresh
liquor run into it ; enough hydrochloric acid is
now added to the second vessel to décomposé ail
thiosulphates présent and steam blown through,
the escaping vapour passing into the first vessel,
where they react as before. In this way the
liquor in each vessel alternately is first subjected
to the action of sulphurous acid, converting the
polysulphides into thiosulphates with séparation
of sulphur, and then treated with hydrochloric
acid, decomposing the thiosulphates, separating
more sulphur, and liberating sulphur dioxide to
pass into the other vessel and complété the cycle
of opérations. The precipitated sulphur is col¬
lected and fused by high-pressure steam as above
described. According to Schaft'ner, when his
instructions are properly carried out, no loss
occurs by formation of trithionate and décom¬

position thereof into calcium sulphate &c.; but
in actual practice considérable quantities of
calcium sulphate are generally formed during
the process, far more than eould be aecounted
for by the small quantity of sulphuric acid
présent as an impurity in the hydrochloric acid
used.

Apart from the value of the hydrochloric
acid consumed (from to tons of acid sp.gr.
115 per ton of sulphur), both Mond's and
Schaffner's processes have the disadvantage that
even after several oxidations and lixiviations the
quantity of brimstone actually obtained is far less
than that contained in the waste. Very rarely
is more than one lialf obtained under the most
favourable conditions, whilst one-third, and
sometimes considerably less, is more nearly the
practical yield obtained in works where the
process is carried out without very spécial ar¬
rangements as to skilled labour. Accordingly,
whilst both methods have been somewhat exten-
sively used, they yet leave a good deal to be
desired so far as sulphur recovery is coneerned,
although what is obtained is gained with com-
paratively little expense.

Hofmann's process. A method based on
somewhat the same chemical reactions as Mond's
and Schaffner's methods has been introduced
by A. P. Hofmann, and somewhat extensively
worked at Dieuze (patented 1866). In this case
the object was not only to utilise vat waste but
also the ' still liquor ' (acid solution of ferrie
and manganèse chlorides) of the bleaching-
powder works. A quantity of liquor is treated
with vat waste in such proportion that a pre-
cipitate of sulphide of iron and manganèse is
formed, along with free sulphur, whilst neutral
manganèse and calcium chloride solution results.
This solution is run off and the precipitate
mixed with a large quantity of waste, and tbe
whole formed into a heap and turned over witb
spades. Atmospheric oxidation quickly ensues,
the iron and manganèse sulphides acting as
carriers, so that a large amount of polysulphide
and oxidised sulphur compounds soluble in
water rapidly forms, the heap heating consider¬
ably. After six or seven days the mass is
lixiviated, and the undissolved portion again
oxidised by exposure to air for three days and
lixiviated. The residue left undissolved is nos

chiefly sulphate and carbonate of calcium, with
oxides of iron and manganèse, and is innocuous
as regards odour and comparatively so as regards
the drainage water issuing from it, whilst
occupying much less bulk than the original
vat wastê. The liquors are then treated with
fresh still liquor, when sulphur is precipitated by
the three-fold action of the free acid on the poly¬
sulphides and thiosulphates présent, of the free
chlorine in solution on the sulphurettedhydrogen
evolved, and of the ferrie chloride présent on
the same gas ; the proportion of the liquid
resulting from the first lixiviation (containing
most polysulphide), that from the second (con¬
taining most thiosulpliate), and the still liquor,
being so regulated that the resulting fluid is
slightly acidwith hydrochloric or sulphurous acid,
or both, but does not contain sulphuretted
hydrogen. The sulphur thus obtained is col¬
lected, and the manganèse chloride solution
freed from iron by treatment with a little more
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vat waste liquor, and, after clarification by sub-
sidence, precipitated as manganèse sulphide
mixed with sulphur by yet lhore liquor. This
precipitate after drying is roasted, whereby
sulphur dioxide is evolved (used in the vitriol
chamber), whilst a mixture of manganèse sul-
phate and manganoso-manganic oxide is left.
This is beated with sodium nitrate, whereby
nitrous fumes are evolved (also used for vitriol-
making), whilst sodium sulphate and peroxide
of manganèse resuit. These are separated by
water, the peroxide being valuable for glass-
making, containing no iron. Since the intro¬
duction of the Weldon manganèse, recovery
System at Dieuze, this method has been disused.

Mactear's proccss. In ail alkali works the
heaps of vat waste aceumulated during many
years' working (save where the material is
towed out to sea in lighters and there diseharged)
ave a great source of inconvenienee for many
reasons, and more especially on account of the
large bulk of ' yellow liquor ' runningfrom them in
conséquence of the conjoined effects of atrno-
spheric oxidation and rainfall. At the St. Roilox
works this evil was aggravated by springs of
water, and the nuisance of the flow of the liquor
into the adjacent brook and river became so
great as to require abatenrerft. Mactear's mode
of treatment was primarily intended to deal
with this inconvenienee, so as to make it, if
possible, a source of profit rather than the re¬
verse; but the method général ly is also appli¬
cable to solid vat waste, whether old or fresh,
thereby leading to three slightly différent modi¬
fications according to eireumstances (Soc. Arts
Journal, May 14, 1878). In one, the yellow
chaînage liquors from the vat waste heaps are
mixed with a little lime and then treated with
sulphurous acid, which is absorbed. On further
adding hydrochloric acid, the température being
G0-65J, décomposition takes place, precisely
as with oxidised liquors prepared by Mond's
process, little or no gas being evolved if the l'ight
proportion subsists between sulpbides and
oxidised sulphur compounds présent. In
another modification an aqueous solution of
sulphurous acid is prepared by passing the
gases from pyrites burners, or the combustion
of waste sulphur &c., through a wooden scrubber
filled with coke; this is then mixed with the
yellow liquors to the proper extent, and the de-
composition effected at 60-65° with hydrochloric
acid as before. In the third modification, old
waste already containing a good deal of calcium
sulphite is ground up with water and treated
with sulphurous acid until calcium bisulphite
and precipitated sulphur are formed ; or fresh
waste may be similarly treated, whereby more
free sulphur is produced. The calcium sulphite
liquor is then mixed with yellow liquor in proper
proportion and decomposedwith hydrochloric acid
as before. In these processes marketable brirn-
stone is finally obtained, partly derived from the
pyrites &c. used to produce the sulphurous acid,
partly from the vat waste. Many thousands of
tons of brimstone have thus been ruade at the
St. Eollox works at a cost of about 61s. per ton.
Obviously, however, if ail alkali-makers obtained
as brimstone not only ail the sulphur in their
vat waste, but also most of that in the pyrites
used in Mactear's process (half as much again),
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the market priee of such brimstone would fall so
largely as greatly to diminish profits ; whilst at
présent prices for pyrites sulphur, the latter
would be far cheaper for vitriol manufacture
than sulphur recovered at 32. a ton.

Pcchiney's process. Another method for
dealing with vat waste drainage is that of
Pechiney, whereby the yellow liquors naturally
draining from the vat waste heaps are utilised
for sulphur recovery by the simple process of
blowing a stream of air and steam through the
liquor in iron tanks by means of a Kôrting's
injector until an amount of oxidation is effected
just sufficient to prevent the évolution of either
sulplruretted hydrogen or sulphur dioxide on
addition of hydrochloric acid. The reactions
here are substantially the same as in Mond's
process, the main différence being that the
oxidation is effected in a solution of polysul-
phides &c., instead of in the moist solid vat
waste.1 It has been suggested by AV. Weldon
(S. C. I. 1882, p. 47) that, instead of blowing
and acidulating with hydrochloric acid, it would
be cheaper to employ the solution of ferrous
chloride resulting from copper extraction by the
wet process to react on the vat waste drainage
liquor, whereby sulphuretted hydrogen, free
sulphur, and ferrous snlphide would be formed
together with calcium chloride. By the action
of ferrie oxide the sulphuretted hydrogen could
be converted into ferrous sulphide and sulphur ;
and, by exposing to air the ferrous sulphide mixed
with sulphur thus obtained as a precipitate in
either case, oxidation to ferrie oxide and de-
position of more sulphur would ensue, after
which the sulphur could be burned off like that
from the gas-purifier refuse of similar composi¬
tion (v. infra). As yet, however, the process
does not seem to have been tried on the large
scale, the cost of carriage alone being pro¬
hibitive unless the ferrous chloride solution is
close at hand to the vat waste liquor tank.

Schaffner and Helbig's process. Almost ail
the methods of sulphur recovery from vat waste
above described have two important disadvan-
tages. Firstly, hydrochloric acid is largely
destroyed, thereby necessarily diminishing the
possible output of bleaching powder, andtosome
extent increasing the diiïiculty experienced by
Leblanc soda rnakers in competing with others
using the amnroma process ; secondly, the
calcium carbonate used in the blackash process
is not regained. In 1878 Schaffner and Helbig
patented a process professing to remedy both
these objections. This depended mainly on a
remarkable reaction—viz. that of magnésium
chloride—the action of which, on calcium sul¬
phide, may be thus represented :

CaS + MgCl,+H20 = CaCl2 + MgO + H2S.
The magnesia thence resulting is reconverted
into chloride by treating the mass left after ex¬
pulsion of sulphuretted hydrogen with gases
rich in carbon dioxide, when the following change
ensues :— CaCl2 + MgO + C02 = CaC03 + MgCl2.
So that, ultimately, calcium carbonate (utilised
for cement-making, the blackash process &c.)
and sulphuretted hydrogen are the products, the

1 An almost identical process lias also been employed
by Chance at Oldbury (S. C. I. 1882, p. 48), about tliree
tons of hydrochloric acid being consumed for eaclr ton of
sulphur precipitated,
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latter being either tisècV as a source of free
sulphur or burnt to sulphur dioxide and con-
verted into vitriol. The considérable degree of
purity of the sulphuretted hydrogen thus ob-
tained enables it to be thoroughly burnt with tlie
formation of gases rich in sulphur dioxide and
highly suitable for vitriol-making, and thus
obviâtes many of the practical diiliculties ex-
perienced by Gossage and others in employing
sulphuretted hydrogen for this purpose, when
prepared from vat waste by the action of furnace
and limekiln gases, &c.' When used as a
source of free sulphur, one-third of the sulphu¬
retted hydrogen is burnt in ordinary coal-gas
burners, and the products of combustion mixed
vvitli the other two-thirds and passed up a
wooden tower or scrubber fed with a strong solu¬
tion of calcium chloride. Under these circum-
stances the sulphur dioxide and sulphuretted
hydrogen are stated by Schaffner and Helbig to
react upon one another almost wholly in accord-
ance with the équation

2HjS + S02= 2H20 + 3S,
whilst in presence of water alone considér¬
able quantities of polythionic (pentathionic,
tetrathionic, and trithionic) acids are formed,
according to Stingl and Morawski in virtue of
the reactions

5H2S + 5S02 = 4H„0 + 5S + H„S406
3H„S + 4S02 = 2H20 + 3S + H.,S,06

HjS + 3S02= S +'H2'S3Ob,
which circumstance, amongst others, prevented
the successful use of the reaction of sulphur
dioxide and sulphuretted hydrogen on one
another by several previous inventors, notably
Duclos (1839), Gossage (1859), and E. Bath
(1862), the last-named employing almost exaetly
the same arrangements as Schaffner and Helbig,
save that water instead of calcium chloride
solution was sent down the reaction tower. The
yield of sulphur from sulphuretted hydrogen,
however, even when following Schaffner and
Ilelbig's directions, always falls considerably
short of that contained in the gas burnt, partly
because sonie amount of polythionic acid is still
produced, an'd partly because a portion of the
sulphur is oxidised so as to form sulphuric acid,
which is also lost ; in practice, less than four-
iifths of the sulphur only is usually regained
in the form of brimstone.

During the years 1880-1883 A. M. Chance
spent a considérable amôunt of time, labour and
money in endeavouring to overcome various
practical difficulties enconntered successively in
attempting to bring Schaffner and Helbig's pro-
cess into successful manùfacturing opération ; his
results are detailed in a sériés of papers (Journ.
Soc. Arts, May 19, 1882, and S. C. I. 1882, 264 ;
1883, 202), and may be thus briefly summarised.
The reaction of magnésium chloride on vat waste

1 Sulphuretted hydrogen produced as a by-product in
certain chemical opérations, such as the action of hydro-
chloric acid on galena, and stored in a gas-holder so as to
enable an equable supply to be kept up, can be easily burnt
so as to form gases suitable for vitriol-making, and lias
long been so employed. A convenient uieans of insuring
regular combustion, especially with an intermittent
supply, is to pass the gas into an ordinary pyrites kilri or
smalls roaster (patented by P. A. Favrc in 1855). The gases
evolved in the manufacture of ammonium sulphate from
gasliquors are sometimes thus treated.(v. supra, p. 688).

leads to a complété élimination of the sulphur
présent therein as oxysulpliide in the form of
sulphuretted hydrogen of considérable purity.
By storing the gas in a gas-holder (containing
water covered with a layer of ' dead oil ' to avoicl
absorption) irregularities in supply can be ob-
viated, and a steady current of gases of practi-
cally constant composition suitable for vitriol-
making can be obtained by sirnply burning the
gas in presence of a suitable excess of air (v.
Sulphuric acid, p. 723). The chief practical diili¬
culties which prevented Gossage from arriving
at commercial success are thus obviated, and 90
or even 95,p.c. of the sulphur in the waste canbe
obtained in the form of chamber acid without
any particular dilhculty in working the plant,
and with no unduly large consumption of nitre.
On the other hand, not more than 75 to
80 p.c. of the sulphur is practically obtainable
as brimstone, if that mode of utilising the sul¬
phuretted hydrogen be adopted in accordance
with Schaffner and Helbig's directions. As re¬
gards the régénération of the magnésium chlor¬
ide, by employing suitably-arranged decom-
posing vessels &c. and lime-kiln gases (at first
containing 15 to 23 p.c. of carbon dioxide, but
latterly, with improved arrangements, 28 or
2V) p.c.), practically complété conversion of mag-
nesia into magnésium chloride, and of calcium
chloride into calcium carbonate, can be effected,
and the mechanical loss during the séparation
of the last sait by lilter presses can be reduced
to small limits, whilst the addition of a little
dolomite from time to time affords .a supply of
magnésium to compensate for losses. Sodium
chloride is formed from the small amount of
soda in the waste, but does not interfère witV
the chemical reactions ; and when it accumu¬
lâtes to an undue extent after many repeated
workings of the liquor, it can be readily removed
by boiling down and ' salting out.' The calcium
carbonate obtained might possibly be used for
blackash making, but its suitability for this
purpose is very doubtful ; it is, however, by no
means valueless, as it is well adapted for cement-
making and analogous purposes. In fine, the
cost of the process does not exceed an amount
équivalent to a charge of threepence per unit of
sulphur in Spanish pyrites (twelve shillings per
ton at 48 p.c.). In the early part of 1883, when
such pyrites cost twice as mucli, there was, there-
fore, a possibility of effecting a large economy
in alkali-making by Leblanc's process by adopt-
ing this method of sulphur recovery ; in view of
which the pyrites companies speedily reduced
their prices to something like threepence per
unit, and effectually stopped the général adop¬
tion of the process by rendering it almost as
cheap to purchase fresh sulphur in the form of
J>yrites as to erect and work the recovery plant.

Chance's process. As already stated, many
attempts bave been made by Gossage and
others to utilise the sulphur of vat waste by
decomposing the waste with carbon dioxide and
burning the sulphuretted hydrogen evolved.
The main cause of failure in ail these earlier
attempts was the irregularity in the composition
of the combustible mixture of gases obtained
which rendered ail attempts to use them for
vitriol-making practically impossible. This
difficulty bas been surmounted by Chance in a
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higlily ingeriious way (S. C. 1.1888,162) ; firstly,
guided by experienee acquired in connection
with Schaffner and Helbig's process (v. supra),
improved lime-kilns were adopted capable of
furnishing gases côntaining close upon 30 p.c. of
carbon dioxide. Next, by employing a reaction
well known in connection with gas purification,
a great concentration of gas was effected : a
sériés of vessels in succession was used côn¬

taining the waste (made into a cream or slurry
with water, and passed through a sieve to re-
move lumps) ; the limekiln gases were then
passed through each vessel in the sériés sucees-
sively, the following changes being produced :
in the earlier vessels the entering carbon dioxide
décomposés the waste in the well-known way,
producing calcium carbonate and sulphuretted
hydrogen ; so that after traversing a certain
mass of cream, practically ail carbon dioxide is
removed from the gases, which then consist
essentially of a mixture of nitrogen and sulphu¬
retted hydrogen. In the later vessels of the
sériés, the sulphuretted hydrogen is absorbed by
the waste, forming calcium sulphydrate, so that
if the absorption is complété nothing but nitro¬
gen escapes at the far end. The reaction here
may be represented thus, regarding vat waste as
calcium sulphide. CaS + H2S = CaH2S.2. Later
on, when carbon dioxide reaches these vessels,
owing to the earlier ones in the sériés having
been worked off, the calcium sulphydrate thus
formed is decomposed again, thus

CaH2S2+H20 + C02 = CaC03 + 2H2S,
twice as much sulphuretted hydrogen being now
evolved for a given amount of carbon dioxide in
opération as is when carbon dioxide acts on
fresh vat waste, thus

CaS + H.,0 + C02 = CaC03 + H„S.
Aceordingly, by working the opération in two
stages, a gas much richer in sulphuretted hydro¬
gen is obtained in one stage than eould other-
wise be secured, whilst during the other stage
the sulphuretted hydrogen liberated is not
collected but is absorbed by fresh waste, so that
nitrogen passes off alone or nearly so. To
effect this, a sériés of seven similar vessels
is arranged with appropriate connections and
cocks. During the first stage four only are
in opération, the first and second being near
exliaustion, whilst the third and fourth have
■been saturated with sulphuretted hydrogen
during the previous stage, and are consequently
giving off rich gas, which passes off to the sul¬
phuretted hydrogen store gasometer. After a
given period, Nos. 1 and 2 are quite exhausted
and are discharged, the liquors after filtration
not blackening lead salts ; these are then re-filled
and the sériés made up by taking in Nos. 5 and
C (partially worked off previously, and standing
idle during the first stage) and makingNos. 1
and 2 the last, No. 3 being thrown out of the
sériés, so that the gases successively traverse
Nos. 4, 5, 6, 7, 1, and 2. In Nos. 1 and 2 prac¬
tically complété absorption of sulphuretted
hydrogen takes place ; but as a matter of pré¬
caution the residual nitrogen is passed through
a lime or oxide of iron purifier. By and by the
gases passing off from No. 6 become rich enough
in sulphuretted hydrogen for collection. When

this occurs, Nos. 1, 2, and 7 are thrown
out of circuit, and No. 3 taken in, so that
the gases now successively traverse Nos. 3,
4, 5, and 6. The same sériés of opérations is
now repeated, vessels Nos. 3, 4, 5, and 6 taking
the place of Nos.-l, 2, 3, and 4 as at first ; when
Nos. 3 and 4 are exhausted they are discharged
and re-filled, and the sériés made up again by
discarding No. 5 and making the gases succes¬
sively traverse Nos. 0, 7, 2, 3, and 4 ; and so on
regularly, four vessels being always in circuit
when sulphuretted hydrogen is collected for use,
and six during the other stage when nitrogen
escapes, the last two in this stage being the first
two in the previous stage, re-filled with waste
before coupling up again.

Operating in this way, a very considérable
degree of constancy of composition of the gases
stored in the gasometer can be attained,
averaging close to 33 p.c. of sulphuretted hydro¬
gen, between 1 and 2 p.c. of carbon dioxide, and
65 to 66 p.c. of nitrogen ; in conséquence of
which the production of vitriol by burning the
gases is rendered a very simple opération (v. Sijl-
phuric acid, p. 723). By employing Claus' method
(v. supra) of burning sulphuretted hydrogen in
a limited supply of air in presence of ferrie
oxide as a carrier, either brimstone or flowers of
sulphur are readily obtained, the yield being
considerably greater than that attainable by
Schaffner and Helbig's method. The cost of
the process, whether brimstone or vitriol be made,
was caleulated in 1888 to be considerably less
than that of the magnésium chloride process of
Schaffner and Helbig ; so that with a sulphur
value of threepenee per unit in pyrites, there
was a large margin for economy in the process ;
whilst, on the other hand, in the event of a further
fall in the price of pyrites sulphur, there would
be the possibility of readily obtaining pure
brimstone and flowers of sulphur from vat waste,
and of competing suecessfully and profitably
with Sicilian and other native sulphur supplies,
even at prices considerably lower than those
ruling in 1888.

Manufacture of brimstone and vitriol from
sulphuretted hydrogen. Since the démonstra¬
tion of the commercial practicability of obtain¬
ing sulphuretted hydrogen from vat waste by
Chance's process, as above described, and con-
verting this economically either into free sul¬
phur (brimstone) or vitriol, according as market
prices render the one or the other more profit¬
able, a variety of processes and improvements
have been brought forward, ail more or less dé¬
pendent on the same général ideas. Thus
Chance has patented (S. C. I. 1889, 46) the pro¬
duction of sulphuretted hydrogen from gypsum
by reducing it to calcium sulphide with carbon,
and then treating it with limekiln gases ; from
'yellow liquors ' (drainage from alkali waste
heaps) by similarly treating them (alone, or
mixed with vat waste) with gases côntaining
carbonic acid (S. C. I. 1889, 119) ; and from
sulphides of sodium and potassium in similar
fashion (S. C. I. 1889, 118) ; the sulphuretted
hydrogen evolved from earlier vessels of a sériés
being, in each case, absorbed in later ones, so
as ultimately to obtain a much richer gas.
Another patent for obtaining sulphuretted hy¬
drogen from sodium sulphide by treatment with.
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carbonio aeid in a specially devised ' earbonator '
was taken out in 1887 by J. B. Thompson (S. C.
I. 1888, 626), the sulphuretted hydrogen being
used either for brimstone-making or manufac-
turing vitriol. The same inventor has subse-
quently patented a process whereby sulphuretted
hydrogen is reduced to sulphur by means of the
fumes obtained by the décomposition of nitrates
or of nitrie aeid, suffieient air being admitted to
re-oxidise the nitric oxide formed, and so render
the process continuons (S. C. I. 1889, 542).
Hargreaves, Robinson, and Hargreaves have
patented a process whereby sulphuretted hydro¬
gen is obtained from vat waste by mixing with
clay, forming into bricks, and heating by means
of superheated steam ; the residue, more strongly
heated, forms cernent (S. C. I. 1839, 118) ; also
a spécial vessel wherein blackash is first lixivi-
ated, and then the residual vat waste decom-
posed by carbonic aeid, so as to produce sul¬
phuretted hydrogen (ibid. 1890, 509).

Claus has patented a method for extracting
brimstone from metallie sulphides by heating
them with steam, highly superheated in stoves
of the Whitwell type. Polysulphides lose sul¬
phur, whilst neutral sulphides form sulphuret¬
ted hydrogen, by this treatment. By the
regulated admission of air, the hydrogen of
the sulphuretted hydrogen is burnt off, and the
sulphur obtained in a sériés of condensing
chambers (S. C. I. 1888, 440).

J. Hargreaves has patented an arrangement
of perforated earthenware or métal blocks in a
combustion chamber, into which a mixture of
sulphuretted hydrogen is led, with just enough
air to burn the hydrogen, the evolved sulphur
being collected (S. C. I. 1889, 706) as with the
Claus kiln.

Lyte and Tatters have patented a process
for obtaining sulphur from sulphuretted hydro¬
gen by mixing with a just suffieient quantity of
air, and passing over magnésium chloride or
oxychloride at 600-800°F. (315° to 425°C.) ;
gaseous liydrochloric aeid and sulphur are thus
formed without the formation of sulphurous
aeid or the leaving unburnt any sulphuretted
hydrogen. The sulphur is condensed, whilst
the hydrochlorie aeid passes on and is other-
wise utilised (S. C. I. 1890, 1,129).

Pamcll and Simpson's process. A numerous
sériés of patents has been taken out by Parnell and
Simpson in connection with a process whereby
sulphuretted hydrogen, suitable for brimstone or
vitriol making, is obtained as one of the pro-
ducts along with soda ash (S. C. 1.1889,11). Vat
waste and ammonium chloride solution are

heated together, with the resuit of producing am¬
monium sulphide and calcium chloride solution,
the opération being performed in a sériés of four
wrought-iron vessels so arranged that steam
can be admitted into any one of them and
passed through the remainder in sériés ; the
steam is always made to enter the one most
nearly exhausted, and emerge from the one last
refilled, so that the issuing vapours consist of
ammonium sulphide with just enough steam to
prevent the formation of solid crystals. These
vapours are received in brine, ultimately form¬
ing a fluid containing per litre about 240 grms.
of sait, and 65 of ammonia in the form of sul¬
phide. Into thi§ limekiln gases are passed,

the liquid being contained in a sériés of eight
carbonators, like those used in the Solvay pro¬
cess, provided with plates and mushrooms.
These are worked in two sets of four each ; in
the first set the eiïect of the carbonic aeid is
indicated by the reaction

2(NHJ2S + C02 + H,0 = NH4.H.C03 + NH,.HS,
i.e. the carbonic aeid is absorbed, whilst the
nitrogen &c. mixed therewith passes off unmixed
with any notable quantity of sulphuretted hydro¬
gen. In the second set the contents have pre-
viously been treated with carbonic aeid gas
until practically the whole of the ammonium
sulphide has been converted into bicarbonate
and sulphydrate in accordance with the above
équation ; the eiïect of the carbonic aeid is then
to bring about the reaction :

NHj.HS + CO„ + H20 = NH4.H.C03 + H2S,
so that sulphuretted hydrogen (mixed with ni¬
trogen) escapes.

The connections are so ehanged in the pro-
gress of working that each earbonator, from the
time it is charged as fresh liquor to the time
it is finished, passes through the whole of the
two sériés, beginning as the fourth of the first
set, and then becoming in succession the third,
second, and first ; after which it is made suc-

cessively the fourth, third, second, and first of
the second set. Working thus methodically with
kiln gas containing 30 p.c. of carbonic aeid, a
sulphuretted hydrogen mixture is obtained con¬
taining 25 p.c. of that gas on the average. This
is led off and used for brimstone or vitriol
making, as in Chance's process ; the ammo¬
nium bicarbonate and sait react, as in the Solvay
process, forming solid sodium bicarbonate and
ammonium chloride solution, which is separated
and worked up into sulphide with fresh vat
waste. In order to regulate the due admixture of
gas and air requisite for the combustion of sul¬
phuretted hydrogen, a spécial mechanical arrange¬
ment is employed (Pat. 14,711, 1886).

The leading diffieulty in working this process
on the large seale seems to be that vat waste and
ammonium chloride do not react so readily as to
render the transformation into ammonium sul¬
phide complété in a suffieiently short time.

Haddock and Leith's process. The forma¬
tion of soluble calcium sulphydrate by the
action of sulphuretted hydrogen on vat waste
forms the first stage in this process (described
at length S. C. I. 1891, 214) ; sodium sulphate
is made to react on this, whereby calcium
sulphate is precipitated, utilised as ' pearl
hardener.' Through the sodium sulphydrate solu¬
tion thus obtained limekiln gas is led, whereby
sulphuretted hydrogen is evolved (made to reaet
on a fresh batch of waste), and sodium bicar¬
bonate formed. As only about one-half of the
sulphuretted hydrogen thus obtained is requirei
to form sulphydrate of calcium with the vat
waste for the next batch, the other half is avail-
able for sulphur recovery. Of 100 parts of sait
cake (produced from sait and sulphuric aeid,
with évolution of hydrochlorie aeid, available
for bleaching powder), 56 are converted into
blackash by the ordinary Leblanc process ; the
vat waste resulting from this enables the remain,
ing 44 parts to be made into sodium bicarbonate
by the sulphydrate process.
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III. Extraction of Sulphur from Native
Sulphates.

A number of proposais liave been made at
différent times to utilise tlie large stores of
sulphur contained in minerai sulphates—e.g.
gypsum—but hitherto these have not been carried
out to any considérable commercial extent. For
the most part they have been based on mueli
the saine principles as certain of the processes
above referred to, whereby sulphur is indirectly
extracted from sodium sulphate—i.e. by heating
in contact with calcium carbonate and carbona-
ceous matter, conversion into calcium sulphide
takes place, from which compound sulphuretted
hydrogen is obtained by the action of acids or
carbon dioxide : this sulphuretted hydrogen
is then converted into vitriol by burning, or
used as a source of sulphur.1 In the manufac¬
ture of barium compounds from heavy spar
(native barium sulphate), réduction to sulphide
by heating with coal is the first step ; the sul¬
phuretted hydrogen tlienee obtained as a hy-
produet lias occasionally been utilised, but more
with the object of getting rid of a noxious gas
than with the view of profit ; but with this ex¬
ception little or nothing lias ever been done
beyond laboratory experiments with minerai
sulphates, for the simple reason that vat waste is
a far cheaper material to operate upon than any
artifieial sulphide formed by réduction of sul¬
phate could possibly be. One of the more recent
proposais in this direction is the patent of F. B.
Baives, No. 1,393, 1882, in which gypsum or old
alkali waste is reduced to calcium sulphide by
heating with carbon, this calcium sulphide, or
fresh alkali waste, being then treated by a pro-
cess analogous to that of A. M. Chance (v.
supra, p. 694). C. K. A. W.

Hydrides of Sulphur.

Sulphuretted Hydrogen SH2. This gas must
have been known from very early times. Ic is
described by the writers of the sixteenth and
seventeenth centuries under the général name of
1 sulphurous vapours.' Geber prepared milk of
sulphur, but no mention is made of a fœtid-
smelling gas being given off during the process.
Scheele was the first, in 1777, to examine the
gas minutely, and its chemical composition was
definitely established by Berthollet.

Occurrence.—Sulphuretted hydrogen occurs
among the gases issuing from volcanoes, some-
times to the extent of 25 p.c. of their volume.
It is formed during the décomposition of animal
substances, as blood, flesh, hair, &c. Decaying
vegetable substances, particularly the leguminous
plants, peas, beans, and lentils, when heaped
together in a moist condition, evolve this gas.
Sulphuretted hydrogen occurs in the hepatie
waters of Harrogate, Aix-la-Chapelle, &c. De-
composing organic matter in contact with sul¬
phates frequently generates the gas, and from
this cause sulphides are occasionally found at

1 Certain sulphates when heated sufficiently evolve
sulplnir trioxide, or a mixture of sulphur dioxide and
oxygen ; this reaction with green vitriol was probably the
earliest known method of producing sulpliuric acid, whence
the name4 oil of vitriol.' Attempts to utilise the neutral
sulphates of metals otlier than iron as sources of fuming
acid have been made from time to time, but hitherto witli-
out much commercial success : alkaline acid sulphates,
however, yield better results (v. Sulphujuc acid, p. 713).
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the mouths of large rivers, which bring down
much organic matter. The sinell of sewer gas
is in part due to this gas. The gas occurs in
coal-gas, from which it has to be removed by a
spécial arrangement in gas manufacture.

Préparation.—(1) It is best prepared by the
action of dilute sulphuric acid upon ferrous
sulphide: FeS + S0.,H2 = k>0jFe +SH2. Itshould
be collected over hot water, in which it is less
soluble than in cold. The gas obtained by this
method is never pure, as the sulphide used con-
tains small particles of iron, which give rise to
hydrogen. The gas should be washed in water
to free it from acid or sait which may pass over.
Excess of sulphuric acid causes a precipitate of
white anhydrous ferrous sulphate, which eoats
the sulphide, and stops the évolution of gas.

(2) The pure gas is obtained by heating pre-
cipitated antimony sulphide with hydrochloric
acid of sp.gr. 1-1 : Sb2S3 + 6HCl = 2SbCl? + 3SH.,.
If native sulphide of antimony be used, it should
be first treated with hydrochloric acid to décom¬
posé any carbonates which may be présent.

(3) The gas may be prepared on a large scale
by heating a mixture of equal parts of sulphur
and paraffin, aniline, or other organic bodies.

(4) By heating a damp mixture of sulphur
and charcoal.

(5) Skey (C. N. 27, 161) proposes to sub-
stitute granulated zinc and native sulphide of
lead for ferrous sulphide, acting on it with
dilute hydrochloric acid (1 to 20). A rapid cur-
rent of the gas can thus be obtained.

(6) Sulphuretted hydrogen is formed together
with sulphur dioxide when steam is passed over
boiling sulphur, or even when sulphur is boiled
with water: 3S+ 20H., = 2SH2+S02. The two
gases thus obtained mutually décomposé each
other, so that only a portion of the sulphuretted
hydrogen remains, and sulphur is deposited.

(7) By passing dry hydrogen over certain
heated sulphides, as powdered antimony sul¬
phide : Sb.,Sj + 3H2 = Sb2 + 3SH2. The gas is
also formed by passing a current of hydrogen
through boiling sulphur; by burning a jet of
hydrogen in sulphur vapour, and by burning
sulphur in an atmosphère of hydrogen.

Propcrties. — Sulphuretted hydrogen is a
colourless, transparent, inflammable gas, pos-
sessing a most disagreeable smell resembling
that of rotten eggs, which is due in part, when
prepared from ferrous sulphide, to volatile
sulpho-carbon compounds derived from the iron.
It has a sp. gr. of 1-1912 (air = 1), and 1 litre at
0° and 760 mm. weighs 1-5475 grms. It burns
with a pale-blue fiame, forming water and
sulphur dioxide, and depositing more or less
sulphur :

SH2 + 30 = SO„ + OH„
S02 + 2H2S = 2H20 + Sj.

A mixture of two volumes of sulphuretted hydro¬
gen and three volumes of oxygen explodes
violently when an electric spark is sent through
it, complété combustion taking place.

The gas when inhaled acts as a powerful
poison, producing asphyxia; even in small
quantifies it causes sickness and headache.
According to Thénard, an atmosphère containing
~ its volume of this gas will kill a dog, and
smaller animais die with even less than that.
amount. An atmosphère with 215 is sufficient
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to kill a horse, while cold-blooded animais are
not afïected by this proportion of gas. Thebest
antidote is tlie inhalation of very dilute chlorine,
obtained by moistening a towel with dilute
acetie acid, and sprinkling bleaehing powder
upon it.

One volume of water at 0°C. dissolves 4-37
volumes of suiphuretted hydrogen, and at 15°C.
3-23 volumes. Its solubility at températures
between 2° and 43-3° may be expressed by tbe
formula : c = 4-3706 - 0*0836874 + 0-0005213f2.

Alcohol dissolves at 0°C. 17'89 times its
volume of suiphuretted hydrogen. The solution
of suiphuretted hydrogen in water reddens blue
litmus, whence the name hydrosulphurio
acid, and possesses the peeuliar srnell andtaste
of the gas. The solution, however, soon décom¬
posés, the hydrogen combining with oxygen,
forming water, while sulphur deposits, giving to
the liquid a milky appearance.

Suiphuretted hydrogen may be condensed to
a colourless, mobile liquid, of sp. gr. 0-9 (water
= 1) under a pressure of seventeen atmosphères.
The liquid boils at — 61-8°, and freezes to an
ice-like solid at — 85°. It may be obtained in
the liquid condition by cooling the gas in a tube
to about —70° with a mixture of solid carbon
dioxide and ether. It may also be.liquefied by
heating liquid hydrogen persulphide placed in
one limb of a V-shaped tube. The compound
undergoes spontaneous décomposition, with
évolution of suiphuretted hydrogen and déposi¬
tion of sulphur, the tension produced being
suffi cient to liquefy the suiphuretted hydrogen.

Sulpliuric acid cannot be used for drying sui¬
phuretted hydrogen, because it is deeomposed
by it : SH2+ S04H,= S + 20H„+ SO,. It is de¬
eomposed by nearly ail oxidising agents into
hydrogen and sulphur. Chlorine, bromine, and
iodine appropriate its hydrogen, and sulphur
is deposited :

SH2 + Cl2 = 2HC1 + S ; SH2 + L-2HI +S.
The latter reaction takes place only in presence
of water. l'uming nitric acid dropped into a
jar of the gas décomposés it with explosive
violence. Suiphuretted hydrogen immediately
tamishes silver, hence silver egg spoons are fre-
quently gilded, to prevent blackening when used
in eating eggs. Silver coins carried in the pocket
with lucifer matches become blackened from
formation of silver sulphide. The surface of
mercury becomes tarnished in contact with the
gas. Potassium, when heated, burns in sui¬
phuretted hydrogen, forming potassium sulphide.
Lead oxide, in contact with the gas, yields lead
sulphide and water: PbO + SH2 = PbS + OH...
Suiphuretted hydrogen ger.erally converts
metallicoxidesintosulphides. Moist suiphuretted
hydrogen mixed with air as oxygen is converted
at from 40° to 90° into sulphuric acid. Paper
impregnated with a solution of a soluble sait of
lead, as lead acetate, is used as a test for this
gas. Such paper is blackened in contact with
suiphuretted hydrogen. For the same reason
paintings containing white lead are darkened by
exposurp to the air of towns ; cards glazed with
white lead, and engravings on paper whitened
with that substance, suïïer similarly.

Suiphuretted hydrogen is deeomposed by
compounds rich in oxygen, e.g. ferrie hydrate :

Fe2(H0)8 + 3SH2 = 2FeS + S + 60IL.

This reaction is utilised on a large scale to re-
move suiphuretted hydrogen from coal-gas.
Both as a gas and in solution suiphuretted
hydrogen is largely employed in analytical
opérations. The sulphides of the metals have
in many cases characteristic colours, by which
many of them may be easily recognised in
qualitative examinations of their salts ; thus
zinc sulphide is white, cadmium sulphide yellow,
antimony sulphide orange, tin sulphide choco¬
laté, and copper sulphide black.

A solution of the gas to be used as a reagent
should be made with boiled water, or with water
which has already been charged with the gas.
13y closing the bottle with a greased stopper, and
inverting it with the neck standing in water, the
solution may be preserved for weeks. A solution
of the gas in glycerin keeps better, and is oc-
casionally used as a reagent.

Suiphuretted hydrogen is easily deeomposed
when heated alone, as when the gas is passed
through a red-hot tube. According to Myers
(A. 159, 124), a température of 400° is sufficient
to cause the décomposition. When tin is heated
in the gas a sulphide is formed and hydrogen
liberated, which oceupies the same volume as
the original gas. When a spiral of platinum is
heated in the gas, sulphur is deposited and
hydrogen is set free.

Uses.—Suiphuretted hydrogen is used on a
large scale for removing arsenic from sulphuric
acid, for precipitating copper from solutions of
the salts of that métal, and for precipitating gold
in the extraction of gold and silver, from waste
material containing them, by the chlorine
process.

Hydrogen persulphide H2S, (?).
This compound was discovered by Scheele,

and more completely investigated by Berthollet.
It was first obtained by pouring a concentrated
solution of penta-sulphide of potassium, K:S5,
into dilute hydrochloric acid, when on standing
some time yellow drops of a transparent oily
liquid separated out. Berthollet believed it to
be analogous in composition to the sulphide of
potassium used in its préparation, and assigned
to it the formula H2S5. Thénard, however,
who found it possessed many properties in
common with hydrogen peroxide, gave it the
formula H2S._„ although his analyses always
showed a larger proportion of sulphur than is
demanded by this formula. Hofmann, who
obtained the compound by decomposing a
cryslalline compound (formed by the action of
ammonium persulphide on strychnine) with
hydrochloric acid, believed it to possess the
formulœ H2S3. More recently Schmidt has
shown that strychnine combines with suiphu¬
retted hydrogen to form a crystalline body, but
that it does so only in the presence of oxygen,
thus :

9C21H22N202 + 6SH2 + Oj =
(2C,,HJ&202 + 3H,S2) + 30H2.

This compound, on treatment with an acid,
yields hydrogen persulphide. Owing to the ease
with which the compound undergoes décomposi¬
tion into suiphuretted hydrogen and sulphur,
and the solubility of the latter in hydrogen per¬
sulphide, it is almost impossible to obtain it
pure, and its composition is based more upon its

IRIS - LILLIAD - Université Lille 1



SULPHUIÏ. 699

analogy with hydrogen peroxide than upon exact
chemical analysis.

Préparation.—It is obtained by pouring a
solution of calcic disulphide into an excess of
cold concentrated hydrochloïic acid, when the
hydrogen. persulphide separates out as a heavy
yellowish oil : CaS2 + 2HC1 = H2S2 + CaCl2. The
calcium disulphide is prepared by boiling milk
of lime with an excess of sulphur, and then
filtering. The solution of disulphide should
be poured into the acid, as tlie hydrogen per¬
sulphide is more stable in acids than in alkalis.

Properties.—Hydrogenpersulphide is a heavy,
yellowish, oily liquid, of sp.gr. 1-7342. Its
odour resembles that of sulphuretted hydrogen,
but is more pungent, and its vapour attacks
the eyes. It has an acrid, unpleasant taste. It
undergoes décomposition at ordinary tempéra¬
tures into sulphuretted hydrogen and sulphur,
the décomposition being greatly facilitated by
élévation of température. It has been distilled
at the reduced pressure 004-0-01m., and tem¬
pérature 60°-85°, the distillate being of a bright
pale-yellow colour, very limpid and mobile,
with an extremely irritating odour (P. Sabatier,
C. B. 100, 1346). It is easily soluble in carbon
disulphide and ether, and insoluble in chloro-
form and benzene. It is inflammable, and burns
with a blue lame. Like hydrogen peroxide, it
bleaches organic colouring matters, and it reduces
the oxides of gold and silver with so muoh
energy as to cause ignition (Odling). Hydrogen
persulphide dissolves phosphorus and iodine,
gradually changing them into phosphorous
sulphide and hydrochloric acid respectively.
Sulphur dioxide has no action on it, in which
respect it differs essentially from sulphuretted
hydrogen. The liquid produces superficial whity
eschars on the skin and mouth. Under the ac¬

tion of finely-divided platinum, gold, iridium, and
charcoal, hydrogen persulphide, like hydrogen
peroxide,undergoesinstantaneous décomposition.

Oxides and Oxyacids of Sulphuk.

Sulphur dioxide S02.
The ancients knew that when sulphur was

burnt it evolved pungent fumes. The fumes of
burning sulphur have long been used for fumi¬
gation purposes, and for purifying cloth. It
was for a long time thought that sulphuric acid
was produced by burning sulphur in the air, but
Stahl proved the fallacy of this idea ; it was
known by the name of phlogisticated vitriolie
acid, in accordanee with the views of that time.
Priestley, in 1775, first prepared the pure gas.

Sulphur dioxide occurs among the gases
issuing from volcanoes, and in a state of solu¬
tion in the waters of certain volcanic springs.
It also occurs to a small extent in the air of
towns, being derived from the pyrites contained
in coal.

Préparation.—1. By burning sulphur in air
or oxygen. The sulphur ignites at a tempéra¬
ture of about 240-260°, and sulphur dioxide is
obtained equal in volume to that of the oxygen
consumed : S + 02 = SO.,.

2. By roasting pyrites. This metliod is
mainly employed in the manufacture of sul¬
phuric acid on the large scale.

3. By heating a mixture of peroxide of
manganèse and sulphur : MnO, + S2 = MnS + S02.

4. By the décomposition of sulphites, as
sodium sulphite, with warm dilute sulphuric
acid: Na2S03+S04H2 = Na2S04 +OH2 + S02.

5. By heating a mixture of sulphur and
sulphuric acid : S + 2S04H2= 20H„ + 3S02.

G. By the action of strong sulphuric acid
upon such metals as copper, mercury, or silver,
which do not evolve hydrogen on treatment
with that acid :

Cu + 2S04H2 = CuS04 + 20H2 + S02.
This is the metliod commonly employed for
obtaining the gas for laboratory or lecture
purposes.

7. By the action of sulphuric acid upon
charcoal: C + 2S04H2=20H2+C0.,+ 2S0.,. This
method is made use of on the large scale
in the manufacture of the alkaline sulphites ;
carbon dioxide is evolved at the same time, but,
for the purpose named, it is not detrimental, as
carbon dioxide is almost insoluble in water con-

taining sulphurous acid.
Sulphur dioxide may be produced from

pyrites or other sulphur compounds by the
apparatus shown in fig. 3. The sulphur is

Fia. 3.

replaced by silica or other slag-producing
material, and being tlius set free is oxidised by a
blast of hot or cold air. The small blast-
furnace a is heated to a white heat, and then
charged with a mixture of pyrites and sand-
stone, siliceous limestone, or other slag-pro¬
ducing material. A hot blast is then directed
through the tuyères b, by which the mixture is
reduced to the molten condition and the sulphur
set free and carried upwards, together with some
sulphur dioxide formed, while the silica com-
bining with the iron forms a slag, and is run off
from time to time. A hot blast of air is directed
into the tubes o and d, which are lined with
brick, in order to completely burn the sulphur.
In connection with the pipe d is a water lute,
E, which serves as a safety valve in the event of
excessive pressure of the gas (Mathieson and
Hawliezek, S. C. I. 6, 41).

Schrôder and Hiinisch have patented a pro-
cess for obtaining liquid anhydrous sulphur¬
ous acid from furnace gases containing only
a small amount of sulphur dioxide. The gases
are first conducted into cold water, the solution
so obtained is heated to drive off the sulphur
dioxide, and the condensation is effected by com¬
pression or réfrigération. The gases from the
roasting-kiln are passed into an absorbing tower,
filled with coke, and are met by a copious spray
of water. The solution formed is collected in a

sériés of closed pans made of sheet lead. The
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pans are then heated to expel the gas, which is
dried by calcium chloride, and passes thence to
a compression pump. The last traces of gas
are removed froni the water by allowing it to
pass through a tower filled with lead-wire net¬
work, wliere it meets steam at the bottom. The
pressure is regulated by means of a taffeta bag,
and the gases eompressed by the pump are
cooled by a condensing worm, and pass into the
receiver, whence the liquid sulphurous acid may
be drawn off for use (S. C. I. 4, 674).

The apparatus here figured has been devised
by Raoul Pictet for the manufacture of sul-
phur dioxide on a large scale. Sulphur dioxide
is obtaincd from sulphur and sulphuric acid,
and introduced into the inclined refrigerator b,
18 to 20 métrés long. The pump d aspirâtes
the gas through the tube c, and drives it
forward to the condenser e, which consists of
a system of tubes continually surrounded by a
current of water. An unbroken stream of the
liquefied gas flows through the tube f, regulated
by the tap h, into the refrigerating tube b, cooled
thereby to — 10°C. by means of alternate ex-
haustion and condensation. Ail hydrates of
sulphurous acid are thus separated out in this

tube in a crystalline form, and dehydration takes
place. The dehydrated gaseous acid is drawn
onwards by the pump and again liquefied, in
order to once more return to the refrigerating
tube. When the opération is continued slowly,
the entire quantity of sulphurous acid prepared
will have collected in the tube b. As soon as

hoar-frost covers the whole tube, and it is évi¬
dent that thequantity of acid is sufficiently great,
the pump d is stopped, and the sulphur dioxide
allowed to escape through the tube m in a
gasometer (D. P. J. 249, 306).

Properties.— Sulphur dioxide at ordinary
températures is a eolourless, irrespirable, in¬
combustible gas, sp.gr. 2-22 (air = l). It may
be collected by downward displacement like
carbon dioxide, but when required quite free
from air it must be collected over mercury.
It possesses the well-known odour of burning
sulphur, is condensable to a liquid at the tem¬
pérature obtained by a mixture of ice and
sait, or by a pressure of about 2-5 atmo¬
sphères at ordinary températures ; solid at

— 76°C. Sulphurous acid gas is very soluble
in water, the solution baing attended with a
slight élévation of température ; at 0°C. water
dissolves 79'789 times its volume of the gas, at
20°C. 39-374 volumes, and at 40°C. 18-766
volumes, prolonged ebullition being required to
expel the last traces of the gas (Schoenfeld, A.
95, 2). The solution of the gas has a strong
acid réaction, reddens blue litmus, andaftenvards

bleaches it, but the perfectly dry gas has not
these properties. It is also soluble in concen-
trated sulphuric acid, that liquid taking up at
ordinary températures fifty-eight times its
volume of the gas. A saturated solution of the
gas in water at 0°C. deposits a -crystalline hy¬
drate, S04H2,14H20, which melts at a tempéra¬
ture of from 1° to 2° without évolution of gas.
Sulphur dioxide, both as gas and in solution,
possesses strong bleaching properties, and is
used in bleaching such materials as are injured
when bleached by clilorine : these properties were
known to Paracelsus. The bleaching action of
sulphur dioxide is a reducing one, while that of
chlorine is an oxidising action ; thus sulphur
dioxide in presenee of moisture is oxidised with
formation of sulphuric acid, the liberated hydro-
gen forming a eolourless body with the colouring
matter: S02 + 20H2 = H2S04 + H,.

The colouring matters are probably in many
cases not destroyed by the acid, but form with
it eolourless eombinations, for in time the
original colour often appears, as is the case with
straw and flannel, which become yellow with
âge.

Chlorine and sulphur dioxide mixed in cqual
volumes and exposed to sunlight combinedirectly,
forming a eolourless liquid, sulphuryl chloride,
possessing an irritating odour : SCh + Cl,
- S02C12.

Sulphur dioxide and sulphuretted hydrogen
mutually décomposé each other in presenee of
moisture with déposition of sulphur, formation
of water, and pentathionic acid : 10S02+10SH,
= 80H2 + 5S2 + 2H.,S506. When sulphur dioxide
and oxygen are passed over heated spongy
platinum the two gases combine with formation
of the higher oxide of sulphur. Sulphurous acid
gas combines with ammonia gas forming two
solid compounds, S02(NH3)2 and S02.NH3. Nas-
cent hydrogen converts it into sulphuretted
hydrogen. Potassium, when heated, burns in
sulphur dioxide, forming thiosulphate and sul-
phite of potassium ; tin and finely-divided iron
are changed partly into sulphides and oxides
when heated in the gas ; when the gas is passed
over metallic peroxides, as peroxide of lead, sul-
phates are formed : Pb02+S02=PbS04. When
acted upon by metallic hydrates, sulphurous
acid produces sulphites : S02 + OH2 + OKH
= S03HK + OH2. Arsenic, chromic, and per-
manganic acids are ail reduced by sulphur di¬
oxide, and gold is precipitated from its solutions
by the gas or aqueous solution. At a tempéra¬
ture of about 1,200° sulphur dioxide is decom-
posed into sulphur and oxygen, part of the latter
combining with a portion of the undecomposed
sulphur dioxide to form the higher oxide ; it can-
not, however, be entirely decomposed in this
way by electricity, unless the sulphuric anhydride
as formed is absorbed by sulphuric acid. Tyndall
has shown that the gas is also decomposed by
passing a beam of sunlight through a long tube
filled with the gas, when a white cloud is formed
consisting of sulphur trioxide.

The composition of sulphur dioxide is as-
certained by burning sulphur in a flask of
oxygen inverted over mercury. The sulphur is
placed in a cup inside the flask, and is so ar-
ranged that the sparks from an induction coil on
passing between wire terminais corne in contact
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with and ignite tlie sulphur ; the volumes of
oxygen before combustion, and of sulphur dioxide
after combustion, are found to be the same. When
a solution of sulpliur dioxide is kept for some
time in a bottle containing air, its smell gradu-
ally disappears, tbrough absorption of oxygen,
whereby it is converted into suiphuric acid.

Sulphur dioxide may be condensedin quantity
by generating the gas in the usual way from
copper and suiphuric acid, allowing the evolved
gas to pass through a wash-bottle, and thence
through a worm-tube surrounded by a freezing
mixture of ice and sait, and terminating in the
neck of a flask placed below, winch is also sur¬
rounded by a freezing mixture ; the drops of liquid
sulphur dioxide accumulate in the flask, which is
drawn out to a narrow point in the neck, at which
point it may be hermetically sealed to preserve the
liquid. It may also be obtained liquid by sealing
in a thick glass tube a mixture of one part sul¬
phur and five parts of suiphuric anhydride, when
the following action occurs : S + 2S03 = 3S02.
The contents of the tube acquire a blue colour,
which in a few days disappears, tho two solid

Fia. 5.

substances having been transforme! into a
colourless liquid. The liquéfaction by pressure
may be effeeted as follows. A strong glass tube
is sealed at one end, and then filled with the dry
gas ; a well greased, tightly-fitting caoutchouc
stopper is then inserted into the tube, and forced
into it by means of an iron rod till the volume
of gas is redueed to about one-fifth its original
bulk, when drops of liquid sulphur dioxide
deposit in the tube.

Liquid sulphur dioxide boils at — 8° (Pierre,
C. R. 70, 92), its vapour tension at 0° is 1*16506
métrés of mercury, and its sp.gr. at -20*5° is
1*4911. It dissolvesiodine, sulpliur, phosphorus,
resins, and many other substances which are
insoluble in water. When it is poured into
a small quantity of water, part is dissolved,
wkilst the greater portion is rapidly evolved, the
température falling so low as to freeze the water.
Mercury may also be frozen by covering a small
quantity of it in a capsule with a deep layer of
the dioxide, and then forcing a rapid current of
air tbrough the liquid. Chlorine and ammonia
gases when passed through bulb-sliaped tubes,
surrounded by cotton-wool kept moist by liquid
sulphur dioxide, are condense! to liquids. When
the liquid dioxide is evaporated under the air-
pump by quiekly exliausting the receiver, so
much heat is absorbe! that it freezes to a snow-

like mass. By cooling the liquid dioxide in a

mixture of solid carbon dioxide in etlier it solidi¬
fies to a transparent mass heavier than the
liquid. The low température of — 140°C. is ob¬
tained by the evaporation of solid carbon dioxide
in liquid sulphur dioxide, and has been employé!
in the liquéfaction of oxygen and nitrogen.

Détection.—For this purpose paper steeped
in a solution of potassium iodate and starch is
brought into the gas, which is at once turned
blue by formation of iodide of starch. In this
way mere traces of the gas may be detected :

2KIO, + 5S02 + 40H2 = I2 + 2HKS04 + 3S04H2.
When the sulphur dioxide is in excess, the blue
paper is again bleached and hydriodic acid
formed: L, + S02 + 20H, = 2HI+SO.H,. The
last reaction has been turned to account in esti-
mating the amount of sulphur dioxide in solu¬
tion. A small quantity of. starch paste is added
to the solution, and then standard iodine solu¬
tion is introduced from a burette until a perma¬
nent blue colour from the formation of iodide of
starch is obtained. The solutions for this pur-
pose should be dilute, as suiphuric and hydriodic
acids mutually décomposé each other; thus
2HI + S04H2 = I2 + H2S03 + OH„. Bunsen has
shown that when not more than 0*05 p.c. of sul-
phurous anhydride is présent the last reaction
disappears, and the réduction of iodine to hy¬
driodic acid is complété, and upon this reaction
he has founded a method for the quantitative
détermination of iodine, and indirectly of many
other substances (A. 86, 265).

Uses.—Sulphur dioxide has now many useful
applications in the arts and manufactures, fore-
most among which is its use to the vitriol manu¬
facturer ; enormous quantities of the gas are
produced for this purpose, chiefly from pyrites.
It is used by the paper-maker in the manufac¬
ture of wood pulp and to remove the last traces
of chlorine after bleaching the pulp :

S02 + Cl2 + 20H2 = H2S04 + 2HC1.
The tanner uses it for softening dry hides and
skins in the bath or ' soak,' which is composed of
solution of sulphurous acid, and in the ' puring '
opération for the purpose of curtailing or dis-
pensing with the use of animal excrement. Sul¬
phurous acid is also contained in the tanning
liquor in the process of tanning (S. C. I. 2,
288). It has been used with advantage in the
treatment of fur, wool, hair, and other feltable
material so as to facilitate the felting of these
materials (S. C. I. 5, 378). Sulphur dioxide is
used in the manufacture of borax. It is also

employed in refining sugar, 1 p.c. of a solution
of 8-10 p.c. strength is added to the crude juice,
and the insoluble substances produced are fil-
tered ofï. In decolourising the gas is used.
When employed in the first case it is possible
to diminish the amount of lime used without
reducing the purity of the product. The acid
produces glucose in beet-juice only after long
exposure to the air (L. Battut, C. C. 1884, 854).
It is a convenient means of removing stains of
fruit and port wine from linen. Messrs. Du
Molay & Bossi in 1880 adopted it for producing
ice, and a mixture of liquid carbon dioxide and
sulphur dioxide is known as ' Pictet's liquid '
(S. C. I. 5, 139).

Sulphur dioxide is a powerful antiseptic, and
has been suecessfully employed in preserving
meat and stopping fermentation, fumigating
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clothes, and disinfecting the air of rooms. It is
used for killing mould in wine and beer oasks.
Instead of burning sulphur for disinfecting pur-
poses, in which tliere is some danger of fire,
Messrs. Boake & Co. have patented a process
which consists in storing the liquid dioxide in a
closed vessel, and when required for use opening
the same by rneans of a lever attached to a
screw, by which means a stream of almost any
desired rate can be obtained by regulating the
screw. The flow may be continued for as much
as forty hours, and a single siphon will evolve
500 litres of sulphurous acid gas (Patent 12,238,
1885).

Liquefied sulphurous anhydride was exhibited
by Messrs. Boake & Co. at the International In¬
ventions Exhibition in copper drums, containing
1 and 2 cwts. respectively.

Sulphur dioxide is used in preference to
ehlorine in bleaehing silk, straw, wool, sponge,
isinglass, baskets, &c., because the latter injures
these materials in the bleaehing process. The
objects may be treated either by the gas or
the solution, the latter being least effective.
The goods after washing and wringing are
brought, while still damp, into a closed chamber
and covered with a thick cloth. They are then
exposed to the action of sulphur dioxide pro-
dueed by burning sulphur in a chauffer placed
on the floor of the chamber, and are left for
12-24 hours, according to the whiteness re¬
quired. The goods are then washed in luke-
warm dilute liydrochloric acid to remove par-
ticles of adhering sulphur depositedtbereon. For
bleaehing loose wool, a solution of bisulphite of
soda is preferably used, the substance being
afterwards .passed through lukewarm dilute
hydrochloric acid, whereby sulphur dioxide is
evolved in the nascent condition and bleaches
the wool (D. P. J. 245, 183).

Sulphurous acid lias been used recently to a
considérable extent in Germany for the purpose
of giving to old barley the fine yellow colour of
the new grain, and the buyer may easily be
deceived by the appearance. Such treatment
is injurious to the germinating power, and may
be detected by steeping the barley in hot water
for a quarter of an hour, then adding zinc and
hydrochloric acid to the aqueous extract, the
presence of sulphur being indicated by the évo¬
lution of hydrogen sulphide (H. Eckenroth, Z.
11, 110).

Sulphur dioxide is an effective agent for
extinguishing burning ehimneys ; the sulphur
being thrown on the lire ignites, and the gaseous
product suffocates the flame.

Sulphur dioxide is employed in the treat¬
ment of cutaneous diseases. The patient is
placed in a box provided with an aperture at the
top, through which his head passes, and a wet
cloth around his neck prevents the eseape of
gas from within. The box is over a small fire-
place in which sulphur is burned, so that the
patient sits in an atmosphère of sulphur
dioxide.

Sulphurous acid H2S03.
This acid is only known in solution. It

smells and tastes like the gas, and lias a strong
acid reaction. It is dibasic, and forms two
sériés of salts, termed ' sulphites.' The two
sériés, of salts are termed ' acid ' and ' normal ' sul¬

phites respectively. The following are types of
these différent salts :—

Acid Sulphites Normal Sulphites
SOsNaH S03Na2
SOsKH SO-jCa
SOaAgH S03K2

The sulphites of the alkali metals are easily
soluble in water, the normal sulphites of the
other metals being almost or quite insoluble in
water. They dissolve in aqueous sulphurous
acid, however, with formation of the acid sul¬
phites, but are again decômposed on evapora-
tion, with évolution of sulphur dioxide and
formation of the normal salts. They have no
odour, those dissolving in water possessing a
sharp taste. They are easily detected by addi¬
tion of sulphuric acid, when they give off the
smell of burning sulphur. Their neutral solu¬
tions give a precipitate with barium chloride
which is soluble in hydrochloric acid ; on the
other hand, if nitric acid be added to the solu¬
tion and warmed, a precipitate of sulphate of
barium is obtained.

Hyposulphurous acid H2S02. Berthollet, in
1789, observed that iron dissolved in aqueous
solution of sulphur dioxide without évolution ol
gas, and Fourcroy and Vauquelin found, in
1798, that tin and zinc act similarly. The
nature of this action was first traced by Schiitzen-
berger, to whom the crédit of the discovery of
hyposulphurous acid is due (C. 11. 69, 169).

Préparation.—It is obtained by dissolving
zinc or iron in a strong aqueous solution of sul¬
phurous acid: H2S03 + Zn = ZnO + H2S02. No
oxygen is evolved, and as the métal dissolves
the solution aequires a yellow colour. It is a
more powerful bleaehing agent than sulphurous
acid, requiring an atom of oxygen more than
the sulphurous acid to convert it into sulphuric
acid,.thus :

h2so2+o2=h.,so4
h2so3+o =h"2so4.

It is a powerful reducing agent, precipitating
mercury and silver from solutions of their salts :

HgCl2 + S02H2 + OH2 = H2S03 + 2HC1 + Hg.
The best way to préparé it is to immerse zinc
chips in a strong solution of acid sodium sul-
phite, when the zinc quickly dissolves, forming
zinc sodium sulphite, Na2Zn(S03)2, which
separates out. The supernatant liquid is de-
canted into a flask, wéli corked, and kept cool,
then three or four times its volume of alcohol is
added, which causes the remaindèr of the zinc
sodium sulphite to separate out, giving a second
crop of crystals. The clear liquid is then poured
off into a smaller flask till quite full, and is then
well corked. The liquid soon becomes a semi-
solid mass of colourless needles of sodium
hyposulphite, NaHS02. This is an unstable
compound, quickly absorbing oxygen from the
air, and is converted into sodium hydrogen
sulphite, NaHS03 ; even when not exposed to air,
it décomposés thus : 2NaHS02= OH2 + Na,S203.

Hyposulphite of soda is also formed by pass-
ing a current of electricity through acid sodium
sulphite, the evolved hydrogen abstracting an
atom of oxygen from the sait, and forming water.

The solution of sodium hyposulphite is used
by the dyer and calico printer for the réduction
of indigo, as it possesses the same bleaehing
properties as the free acid.
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A solution of the free acid is obtained by
decomposing the aqueous solution of the sait
with oxalic acid. The solution so obtained has
an orange colour, bleaches strongly, and rapidly
décomposés on exposure to the air from the
absorption of oxygen.

Sugarjuice is decolourised by hyposulphurous
acid or its salts, preferably by the salts of
aluminium, zinc, iron, &c. Two to three parts
of one of the salts suffice for the treatment of
1,000 parts of the juice. By this process a pure
syrup of exceptionally high density is obtained
(S. C. I. G, 47).

Dithionio acid H2S206. Pormerly called
hyposulphurie acid. Diseovered by Welter and
Gay-Lussac in 1819. The manganèse sait of
this acid is obtained by passing a stream of sul-
phur dioxide through water containing finely-
clivided manganèse dioxide in suspension, the
liquid being kept cool : 2S02 + Mn0„ = MnS.,0„.
The manganous sulphate formed at the same
time is removed by addition of barium hydrate,
which précipitâtes insoluble manganous hydrate
and barium sulphate, whieh are filtered oft'. By
cautiously adding dilute sulphuric acid to the
clear solution until no more precipitate forms,
and then filtering oiï the barium sulphate, a
solution of dithionic acid remains. This solu-
tionmay be concentrated in vacno until it attains
a density of 1-347, -when it is an inodorous
and strongly acid liquid, easily decomposed into
sulphuric acid and sulphur dioxide : =

S04R, + S02. The acid solution in contact with
air is gradually oxidised to sulphuric acid. The
dithionates may be obtained by decomposing
the barium sait by the sulphate of the corre-
sponding base, or more simply by adding a
soluble sulphate to barium dithionate. Ail the
salts are soluble in -water, and may generally be
obtained in well-defined crystals, which are per¬
manent in the air, and whieh, with the excep¬
tion of the potassium sait, contain water of
crystallisation. Their solutions mixed with
hydrochloric acid and heated are decomposed,
forming sulphur dioxide and sulphuric acid,
without déposition of sulphur. Their aqueous
solutions are not oxidised in the cold by either
atmospheric oxygen, nitric acid, or potassic
permanganate, but when heated with these they
are converted into sulphates. On heating at
100° they undergo partial décomposition, and at a
still higher température they are entirely decom¬
posed, forming sulphur dioxide and a sulphate.

Thiosulphuric acid H2S203, or j S02,
may be regarded as sulphuric acid in which
half the hydroxyl has been replaced by an
équivalent of sulphydryl, HS, and may be ob¬
tained by the sulphuration of sulphurous acid
in the same way that the oxidation of the latter
produces sulphuric acid. It cannot be preserved
iu the free state.

The thiosulphates may be obtained by digest-
iug sulphur with solutions of the sulphites :
A,a2S03 + S = Na2S203, or by boiling sulphur with
an alkaline hydrate :

3Ca(HO)2 + S12 = CaS2Oj + 2CaS5 + 30H...
On exposing the deep-eoloured solution to the
air sulphur deposits, and a further quantity of
thiosulphate is formed : CaSs + 03 = CaS203 + S3.
The sodium sait was first prepared by Chaussier

in 1799, and more thoroughly studied afterwards
by Vauquelin. On adding hydrochloric acid to
a solution of the sait the thiosulphuric acid is
liberated, but is quickly resolved into sulphur
and sulphurous acid. The soluble salts of thio¬
sulphuric acid are also recognised by the facility
with which they dissolve silver chloride, forming
the double thiosulphate of sodium and silver,
the solution of which has an intensely sweet
taste: AgCl + Na2S203 = NaCl + NaAgS203. A
solution of mercurous nitrate is decomposed by
a soluble thiosulphate, the black mercuric sul-
phide being at once deposited. When a thio¬
sulphate is mixed with iodine solution an iodide
and a tetrathionate are simultaneously formed.
When the thiosulphates are heated with a solu¬
tion of a cupric sait acidulated with hydro¬
chloric acid they give a brown precipitate of
cupric sulphide. Solutions of nickel and cobalt
give, with the thiosulphates, dense black précipi¬
tâtes. Small traces of these salts may be de-
tected by the red colouration given by the
addition of a ruthénium sait made alkaline with
ammonia. Treated with zinc and hydrochloric
acid, the thiosulphates evolve sulphuretted
hydrogen and deposit free sulphur.

Trithionic acid H2S306. This compound
was diseovered by Langlois in 1842, who obtained
the potassium sait by gently heating a solution
of acid potassium sulphite with sulphur :

S2 + GKHS03 = 2K2S30j + KjSJO, + 30H2.
The reaction probably occurs in two stages, in
the first of which the thiosulphate is formed,
and this is converted into the trithionate by the
action of sulphur dioxide. This view is sup-
ported by the fact that the potassium trithionate
can be obtained by acting on potassium thio¬
sulphate with sulphur dioxide :

3S02 + 2^0,, = 2K.SA + S.
The free acid is obtained by adding fluo-

silicic acid to a solution of the potassium sait,
when the insoluble fluosilicate of potassium is
precipitated, and trithionic acid is set free, and
has been obtained in prismatic crystals. The
acid is stable in dilute solution, but when con¬
centrated, even in vacuo, it readily undergoes
décomposition into sulphur, sulphur dioxide, and
sulphuric acid: H2S306 = S + S02+S04H2. It
has no smell, but has a strong acid and bitter
taste. The only well-known sait is that of
potassium, and this on heating undergoes de-
composition into sulphur, sulphur dioxide, and
sulphate of the métal.

The potassium sait is formed wjien potassium
silver thiosulphate is heated with water, and the
sodium sait when iodine is added to a solution
of sodium thiosulphate and sodium sulphite:
Na2S203 + Na2S03 + I2 = Na2S30„-i 2NaI. A so¬
lution of a trithionate, treated with sodium
anralgam, décomposés into sulphite and thio¬
sulphate.

Solutions of the trithionates give black pré¬
cipitâtes with mercurous nitrate, and white with
mercuric nitrate. With silver nitrate they give
a yellow precipitate, which soon becomes black.
The solutions of the salts on heating are decom¬
posed into sulphur dioxide, sulphur, and a sul¬
phate.

Tetrathionic acid H2S40B. This acid was
diseovered in 1843 by Bordos and Gélis, .who
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also préparée! certain of ita salts. They ob-
tained the sodium sait by adding iodine to an
aqueous solution of sodium thiosulphate. The
barium sait is prepared by suspending barium
thiosulphate in a small quantity of water, and
adding iodine in small quantities at a time.
Barium tetrathionate is separated in hydrated
crystals, "wbieh contain two molécules of water :

2BaS203 +12+20H, = BaS0406-20H2+Bal2.
When the reaction is complété the semi-solid
mass is treated with alcohol, which dissolves
the barium iodide and excess of iodine. The
barium tetrathionate which remains may be puri-
fied by reerystallisation from a small quantity of
water. The free acid is obtained by decom-
posing the barium sait with an équivalent quan¬
tity of sulphuric acid. The acid has a strong
acid taste, is inodorous, and colourless. It is
only stable in dilute solution out of contact with
air, and may be concentrated in vacao over
sulphuric acid. On boiling the solution it dé¬
composés into sulphur dioxide, sulphur, and
sulphuric acid. The potassium sait is distin-
guished from the corresponding salts of the other
polythionic acids by its action with sulphide of
potassium, which converts it into potassium
thiosulphate, with séparation of sulphur :

K,S406 + KjS = 2K2S203 + S.
Pentathionic acid H2S506 or S3(S020H)2

(Bloomstrand). On passing a slow stream of
sulphuretted hydrogen into a nearly saturated
aqueous solution of sulphurous acid the milky
liquid is found to contain (a) small drops of sul¬
phur in suspension, (6) sulphur in solution in
the colloïdal condition, similarto silica dissolved
in dilute hydrochloric acid, (c) sulphuric acid, (cl)
trace of trithionic acid, (e) tetrathionic acid, (/)
pentathionic acid, and (g) a polythionic acid,
containing more sulphur than pentathionic acid,
probably hexathionic acid (Debus, C. J. 1888, 53,
279). The clear solution can be concentrated
on a water-bath without décomposition until it
has sp.gr. 1-32, and in vacuo over caustic potash
until sp.gr. l-46, when it consists mainly of
pentathionic acid (Waekenroder, Ar. Ph. 48,
272, 140 ; Kessler, P. 74, 249 ; Takatmatsu and
Smith, C. J. 37, 592 ; 41,162 ; Lewes, C. J. 39,
68: 41,300). On adding, with constant stirring,
to the concentrated solution about half the quan¬
tity of caustic potash which is required for
complété neutralisation in dilute solution, and
filtering from any precipitated sulphur, the clear
liquid gives, by spontaneous evaporation, well-
defined crystals of potassium pentathionate,
2K2S506.3H„0 (Lewes). This sait can only be
recrystallised from solutions containing a small
quantity of free sulphuric acid ; in presence of
alkalis it is at once decomposed. A better
method of obtaining the sait consists in adding
potassium acetate, instead of caustic potash, to
the concentrated solution. It dissolves in about
2 parts of water, forming a clear and neutral
solution, insoluble in alcohol. The aqueous
solution eannot be kept long without change ;
after a fewdays sulphur separates and potassium
tetrathionate is gradually formed, KjSjO^
K2S4Os + S. The sait when heated is thus de¬
composed :

2K2S,0s.3H,0 = 2K.SO, + 2SÔ2 + S6 + 3H..O.
On treatment with sulphuretted hydrogen

pentathionic acid is decomposed as follows :

H2S508 + 5H2S = 10S + 6H20. A solution of potas-
sium pentathionate yields sulphur, potassium
trithionate, and potassium thiosulphate:
3K2S50„ + 3H..S = K2S,03 + 2K2S306 + 3H,0 + 10S.
With bromine water it gives :

2K„Ss06.3H20 + 8Br„ + 9H„0 =
4KBr + 4 S + 6IL.SO, + 12HBr.

The pentathionates, with the exception of the
potassium sait, have been but sligbtly examined.
The copper sait, CuSs0a.4H20, forms small blue
crystals, easily soluble in water (Debus).

The following are characteristie reactions for
these salts :—

1. An ammoniacal solution of silver nitrate
causes in a solution of potassium, ammonium, or
barium pentathionate a brown colouration, which
rapidly becomes darker, and by degrees a black
precipitate is tbrown down from the mixture.
This réaction is not produced in a solution of tri-
or tetrathionates, potassium thiosulphate, or am¬
monium sulphite. An ammoniacal solution of
silver nitrate in fact seems to have no effect on

them. Consequently, a pentathionate, even if
présent in very small quantity, can be detected
by means of this reaction in a mixture contain¬
ing potassium tri- and tetrathionates and sodium,
potassium, or ammonium thiosulphates.

The solution of zinc in sulphurous acid pro¬
duces, with an ammoniacal solution of silver
nitrate, an immédiate grey precipitate, and the
supernatant liquid appears clear and colourless.

2. Potassium hydroxide, in solutions of
pentathionates, immediately produces a sépara¬
tion of sulphur. As tri-and tetra-thionates and
thiosulphates are not changed by this reagent,
a proportionately small quantity of a penta¬
thionate can be detected in a mixture of the four
salts by addition of potassium hydroxide. The
latter, however, is not so sensitive a reagent as
the ammoniacal silver solution.

3. Ammonia added to a solution of potassium
pentathionate causes, after about one or two
minutes, a précipitation of sulphur.

4. Sulphuretted hydrogen produees, in an
ammoniacal solution of a pentathionate, an im¬
médiate precipitate of sulphur.

5. An ammoniacal solution of mercuric
cyanide produces with potassium pentathionate
a black precipitate, by degrees at ordinary tem¬
pératures, at once at 100°C.

6. Ferrie chloride, lead nitrate, cupric
chloride, cupric acetate, cobalt nitrate, zinc
sulphate, copper sulphate, lead acetate, hydro¬
chloric acid, and barium chloride cause no
change in solutions of potassium pentathionate
(Debus, Le.).

See also Plessy, C. B. 21,473 ; A. Ch. 20,162;
Thomson, Ann. Phil. 12, 441 ; Lenoir, A. 62,
253 ; Ludwig, A. Ph. 51, 259 ; Fordos and
Gélis, A. Ch. 22,66, 28,451; Sombrero and Selmi,
A. Ch. 28, 210; Rister-Bennet, P. 116, 470;
Chancel and Diacon, C. R. 56, 710 ; Rammels-
berg, J. 10, 136 ; W. Spring, B. 6, 1,108 ; A. 199,
97 ; 213, 329 ; Stingl and Morawski, J. 1879,
1110 ; Curtius, J. pr. [27] 24, 225 ; Shaw, C. J.
43, 351 ; Smith, C. J. 43, 355 ; Salzer, B. 1886,
1696.

Hexathionic acid H2S60„. The probable
existence of the potassium sait of this acid in
the mother-liquor obtained by concentrating
Wackenroder's solution, i.e. theproduct obtained
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by the mutnal action of sulphur dioxide and
sulphuretted hydrogen, haa been indicated by
Debus (C. J. [1888] 53, 278). It separates from
its aqueous solution in warty masses without
crystalline structure ; its solution gradually dé¬
composés, witli séparation o£ sulpliur, even in
presence o£ dilute sulphuric acid. Ammonia
produces an immédiate precipitate of sulphur
(différence from pentathionate), and ammoniacal
solution of silver nitrate reaets with hexathionate
as with pentathionate (Debus).

General Réactions of Polythionates and
Thiosulphates.

1. Mercurous nitrate produces with penta-
and tetra-thionates a fine yellow precipitate,
and with trithionates and thiosulphates a black
precipitate.

2. Cupric sulphate mixed with solutions of
potassium tri-, tetra-, or penta-thionates, or an
aqueous solution of sulphurous acid, or the solu¬
tion of zinc in sulphurous acid, causes no ap¬
parent change at common températures.

The same reagent does not alïect tetra- and
penta-thionates at 100°, but produces at this
higher température with trithionates or thio¬
sulphates a black, and with the solution of zinc
in sulphurous acid a red, precipitate.

Copper sulphate added to a solution of am¬
monium sulphite produces a yellow precipitate
at common températures.

3. Hydrochloric acid does not change solu¬
tions of tetra- and penta-thionates, but in about
ten minutes in such as contain trithionates, and
in about one minute in those of thiosulphates,
it causes a séparation of sulphur and sulphurous
acid. A mixture of the four salts became turbid
in two minutes.

4. Ferrie chloride causes transient colouration
in the following solutions :—

a. Thiosulphates, violet changing to yellow.
b. Sulphurous acid in water, brown changing

to yellow.
c. Zinc in aqueous sulphurous acid, brown

changing to colourless.
The reagent causes a permanent brown colour

in aqueous solution of ammonium sulphite.
5. Barium chloride produces in solutions of

sodium and potassium thiosulplrate a white,
crystalline precipitate which, even in boiling
water, is only sparingly soluble, but it does not
change solutions of the poly-thionates at com¬
mon températures, or those of tetra- and penta-
thionates at 100°. Thiosulphates ■ and trithion¬
ates can be detected in a mixture of the two in the
following manner:—Barium chloride is added
to the neutral mixture as long as a precipitate is
formed ; the latter is barium thiosulphate, and
can be proved to be so by means of ferrie chloride
and hydrochloric acid respectively. The filtrate
from the barium thiosulphate is boiled for about
five minutes, when, if barium trithionate is pré¬
sent, the smell of sulphurous acid will be per-
oeived, and a white precipitate will be thrown
down, insoluble in hydrochloric acid, and not
volatile at a red heat on a piece of platinum-
foil.

These reactions are not observed with barium
dithionate.

If free acid should happen to be présent in
the original mixture, it must be neutralised with
barium carbonate (Debus, l.c.).

Takamatsu and Smith (C. J. 37, 608) give
the following table of reactions to distinguish
tetra- and penta-thionic acids from each other,
and from the other thionic acids :—

Dithionic acid,
HaSaOa

Trithionic acid,
H2S30e

Tetrathionic acid, HaS«Oa Pentathionic acid, HaSsOa

Caustic potash .

Dilute hydrochloric
acid

Mercurous nitrate.

Silver nitrate

Ammoniacal silver
nitrate

Mercuric cyanide .

Mercuric chloride.

Potassium sulphy-
drate solution.

Dilute solution of
potassium per¬
manganate

No precipitate

No action . .

No precipitate

No precipitate

No precipitate

No precipitate

One drop, im¬
médiate brown
precipitate

No precipitate

Evolution of
SOa and pre¬
cipitate of S.
Immédiate
black precipi¬
tate, becom-
ing white on
standing.

Yellow precipi¬
tate, soon be-
coming black.

No brown co¬

louration,even
on standing.
On warming,
AgaS formed.

Yellow precipi¬
tate,becoming
white with ex-
cessof reagent.

One drop, im¬
médiate brown

^precipitate,
even in pre¬
sence of dilute
S04H3

No precipitate

No action .

Yellow precipitate, gradu¬
ally darkening.

Yellow precipitate, soon
turning black, and also
on adding ammonia.

No dark or brown coloura¬
tion, even on standing,
unless warmed.

At first yellow precipitate;
turns black 011 warming,
with évolution of HCN.

On warming, white pre¬
cipitate.

"White precipitate of sul¬
phur.

Decolourised, without addi¬
tion of dilute HaSO«.

Immédiate precipitate of sul¬
phur, re-dissolving gradually
on standing, if not in much
excess and coagulated.

No action.

At first a yellow precipitate,
turning white with excess
of reagent on standing.

Yellow precipitate, gradually
darkening : black on adding
ammonia.

Almost immédiate brown
colouration, becoming black
on warming.

At first yellow precipitate,
gradually turning black on
lieating, with évolution of
HCN.

On warming, whitish yellow
precipitate.

White precipitate of sulphur.

Decolourised, without addition
of dilute H„SO..
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COMPOUNDS OE StJLPHUK AND THE HAT.OGENS.

Sulphur and chlorine combine together to
form three chlorides, yiz. sulphur monochloride,
S2C12; sulphur dichloride, SC12; and sulphur
tetrachloride, SC14. Sulphur and chlorine gradu-
ally combine at ordinary températures, but the
combination is greatly facilitated by heat.

Sulphur monochloride or Sulphothionyl
chloride S2C12 was first obtained by Hagemann in
1781, but its composition was not fully estab-
lished till the year 1810, when it was studied by
Davy and Bucholz.

Préparation.—Sulphur monochloride is pre-
pared by passing dry chlorine gas over melted
sulphur, and distilling off the chloride from the
excess of sulphur. The chlorine is generated in
the ordinary way, and passed through a wash
bottle containing water, then through calcium
chloride, and thence to a retort containing melted
sulphur. The chloride is condensed in a receiver
cooled by a stream of cold water.

Properties.— Sulphur monochloride is an
amber-coloured liquid, fumes strongly in air, and
possesses a penetrating smell. Its sp.gr. is
T70941 | (Thorpe), and b.p. 138-1 (Thorpe).
Water gradually décomposés it into sulphur,
hydrochloric acid, and thiosulphuric acid, the
last-named substance being aftenvards decom-
posed into sulphur and sulphurous acid :

2S2C12 + 30H2 = 4HC1 + S2 + H2S203
and

H2S2OS = S + HJSOJ.

Sulphur monochloride acts powerfully on
mercury. Sulphur is easily soluble in it ; a cold
saturated solution contains nearly 70 p.c. of
sulphur.

Uses.—Sulphur chloride is used in defecating
cane-juice and refining sugar, in the so-called
Eastes' process.

Sulphur chloride is used in yulcanising india-
rubber goods. The articles to be vulcanised are
first coated with indiarubber in the usual way,
and are then placed in a closed chamber in
which sulphur chloride is yapourised, by whieh
means the ' curing ' or vulcanisation of the
indiarubber is effected (Abbott, Patent, 1878,
166).

Parkes' process, whieh has been in use since
1846, consistsin immersing the indiarubber goods
in a solution of sulphur chloride in carbon di-
sulphide for a few seconds. It is used extensively
in preparing the surface of tobacco pouches,
tubing, rings, &c.

Sulphur dichloride SC12 is prepared by pass¬
ing dry chlorine into sulphur monochloride,
when the liquid assumes a dark reddish-brown
tint. The vessel containing the monochloride
should be surrounded by a freezing mixture, and
excess of chlorine removed by passing a current
of carbon dioxide through the liquid (Hiibner
and Guerout, Z. 1870, 455). In combination
the dichloride is more stable, forming definite
compounds with arsenic trichloride, SCLAsClj
(Rose), and with ethylene, C2H4SC12, and amyl-
ene, C5HI0SC12 (Guthrie). It is decomposed
by water in the same way as sulphur mono¬
chloride, and on boiling is decomposed into the
monochloride and chlorine.

Sulphur tetrachloride SC14. Michaelis has
shown that this compound is formed when the
dichloride of sulphur is saturated with chlorine
at —22°. It is a mobile, transparent, light-
brown liquid, and yields on analysis numbers
agreeing with the formulœ SCI,. Water décom¬
posés it with violence, forming sulphurous and
hydrochloric acids :

SC14 + 20Hj = S02 + 4HC1.
That sulphur tetrachloride is not merelya

solution of chlorine in the dichloride is shora
by the action of sulphur trioxide on it, thus :

SC14 + 2SO„ = SOCl2 + S203C12.
Thionyl Pyrosulphuryl
chloride. chloride.

SULPHURIC ACID. The substance formerly
spoken of as ' sulphuric acid ' or ' anhydrous
sulphurie acid,' indicated by the formula S03,
and consisting of 40 parts sulphur and 60 parts
of oxygen in 100 parts, is now more systemati-
eally termed sulphur trioxide or sulphuric anhy¬
dride ; when brought into contact with water
energetic chemical action ensues, products being
formed capable in ail cases of représentation by
the formula toS03,«H20, and usually regarded
as single homogeneous substances when m and
n hâve certain simple intégral values, but in
other cases as mixtures of différent substances,
or as solutions of one or other of them in excess

of water. The table on next page represents the
leading ' sulphuric acids ' or ' sulphuric hydrates'
usually recognised as distinct compounds, either
on account of their crystallinity or other well-
marked physical peculiarity, or because of the
existence of definite metallic salts derivable
from them by replacement of the hydrogen by
metals.

The existence of numerous hydrates, in addi¬
tion to those above mentioned, has been inferred
by S. U. Piekering from the study of various phy¬
sical phenomena connected with acid of différent
strengths. One of these, S03,5H20 or H2SO4,4H:0,
has been isolated in hard well-defined crystals
by cooling acid of approximately this strength.
This hydrate melts at — 25°C., whereas frozen
acid containing either more or less water (within
certain limits) melts at notably lower tempéra¬
tures. On plotting a curve with the percentages
of HoS04 présent as abscissœ, and the freezing
points as ordinates, the curve descends from 0°
(water only) to —75° at 38 p.c. of H2S0„ and
then rises to a first maximum of — 25° at 57-6
p.c., the new hydrate ; after whieh it again falls
to below — 60°, rising again to a second maximum
of +8-5° at 84-5 p.c., the hydrate SO3,2H„0=
H2S04,H20 ; then it falls again to near -40°
finally rising to a third maximum of +10-4° at
100 p.c.—i.e. the hydrate SO:),H20. Addition of
SO:) to pure monohydrate, forming mSO^nH.O,
where m>n, causes the curve to sink again
(G. J. Trans. 1890, 648, 331).

1. Physical properties of sulphuric acid.
Commercially, sulphuric acids may be divided
into two classes, viz. ' fuming acids ' or sub¬
stances indicated by the formula mSOs,?tH,0,
where m > n, the ratio — varying from something

n

not greatly exceeding 1 (fuming acids of loir
strength) up to a much higher number (practically
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Formula Name Corresponding sait Pbysical characters

so3

4S03,H20 = H2S4013 .

2S03,H20 = H2S,0; .

4S03,3H20 = H6S40j5
SOj.HjO = H2S04 .

S03,2H20 = H4S05 .

S03,3H20 = H6S06 .

Sulphur trioxide
Sulphuric anhydride

Pyrosulphuric aeid
' Solid oleum '

Sulphuric aeid .

Monohydrated aeid .

Dihydrated sulphuric
aeid (glacial aeid)

Trihydrated sulphuric
aeid ; orthosulphu¬
rie aeid

None .

Sodium pyrosul-
phate Na2S207

Aeid sait NaHS04
Neutral sait Na2S04

Basic lead sulphate
Pb2S03

Mercuric orthosul-
phate (Turpeth
minerai) Hg3S06

Crystalline solid.1 M.p.
14-8°. B.p.46-2°(Webeij

Liquid ; depositing crystals
at 8-10°

Crystalline solid ; m.p. 35°

Ditto ; m.p. 26°
Liquid ; begins to boil with

décomposition at 290°;
at low températures
forms crystals ; m.p. 10-5°

Crystallises at low tempéra¬
tures ; m.p. 8°

Hydrate in formation of
which the maximum
amount of contraction
takes place

1 An isomeric modification of higher melting and boiling points has been supposed to exist ; but, according to "Weber,
this substance contains small quantities of combined water.

pure sulphuric anhydride), ' solid oleum1 (ap-
proximately pyrosulphuric aeid) being an inter-
mediate variety where — is not far from 2 ; ând

n
' non-fuming aeid1 or ' vitriol ' where m < n, vary-

ing from O.V. (' oil of vitriol'), where m very

nearly = m, so that — is but little less than 1,
n

down to ' ehamber acids ' of sp.gr. 1-5 and less
(100° Tw. and below). Aeid of sp.gr. 1-65 (130°
Tw.) is approximately orthosulphurie aeid
S03,3H20 ; and aeid of sp.gr. 1-78 (156° Tw.)
approximately dihydrated aeid, S03,2H20.
These and ail weaker acids on heating lose
water, becoming more and more eoncentrated
until finally a product is obtained, boiling and
distilling as a whole at somewhat above 300°,
and containing between 98 and 99 p.c. of H2S04
with a small balance of surplus water. Pure
monohydrated aeid cannot be obtained in this
way, but is readily formed by adding to this (or
to weaker aeid or pure water) the appropriate
amount of sulphuric anhydride ; when obtained
it cannot be distilled unehanged, the boiling-
point rising from 290° to 338° (Marignac). The
dihydrated aeid readily separates in crystals from
aeid of strength near to 150-155°Tw. in cold
weather,freezing ofearboys containingsuch fluids
being not infrequent in winter if kept in a cold
situation. Crystalline monohydrated aeid is
similarly formed from oil of vitriol under favour-
able conditions ; as a général rule, eoncentrated
aeid does not readily solidify in earboys, even
in cold weather, unless a crystal of previously
solidified aeid is introduced ; but the production
of monohydrated aeid by cooling O.V. of 96 to 98
p.c. to about — 10°C., so that crystals form (the
crystallisation being started bymeans of a portion
of the crystals from a previous batch left in the
vessel), and draining off the weaker unsolidified
portion, has been shown by Marignac and Lunge
to be readily practieable on a manufacturing
scale, and aeid thus further eoncentrated is now
in the market (v. p. 759).

The following table of the freezing and
melting and boiling points of aeid below the
strength of H2S04 is compiled from the re-

sults obtained by Lunge (B. 1878, 370, and
1881, 2,649 ; Alkali Makers' Pocketbook, 94
and 95).

Per cent.
ïï3S04 Sp.gr.

Boiling-
point Freezing-point Melting-

point

5 1-031 101°
10 1-069 102 —

15 1-107 103-5 —

20 1-147 105 —

25 1-184 106-5 —

30 1-224 108 —

35 1-265 110 —.

40 1-307 114 —

45 1-352 118-5 —

50 1-399 1*24 —

53 1-428 128-5 —

56 1-459 133 —

60 1-503 141-5 —

62-5 1-530 147 —

65 1-557 153-5 —

67-5 1-585 161 —

70 1-615 170 —

72 1-639 174:5 —

74 1-661 180-5 Liquid at — 20° —

76 1-688 189 Do. —

78 1-710 199 Do. —

79-5 1-727 — -7*5 -7*5
80 1-733 207 -8-5 — 8*5
81'3 1-749 — -0-2 t4*5
82 1-758 218-5 —

—

83-2 1-767 — + 1-6 + 0*5
84 1-773 227 4-8*5 + 8*5
86 1-791 238-5 + 4*5 4-8*0
88 1-807 251-5 -9*0 -6*0
90 1-818 262-5 '—

91 1-824 268 Liquid at — 20 —

92 1-830 274-5 — —

93 1-834 281-5 —

94 1-837 288-5 — —

95 1-840 295 Liquidât —20 —

The spécifie gravity of dilute sulphuric aeid
of various degrees of concentration and at vari-
ous températures has been examined by a number
of chemists and physicists with results not
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always exhibiting as close concordance as might
be desired ; the earlier tables given by Vauquelin,
d'Arcet, Ure, Parkes, &c., bave long been re-
garded as superseded by the more exact ones of
Bineau and Kolb.1 For acids approaching the
concentration of O.V. the sp.gr. is a fallacious
test of strength, because acid of strength 98 p.e.
HjS04 has a maximum density as compared with
either stronger or weaker acid ; thus the follow-
ing figures resuit from the experiments of Kohl-
rausch (P. 8, supplément p. 675) and of Lunge
and Naef (S. C. I. 1883, 29, from Chem. Indus¬
trie, 5, 37, 1883).

Apart from this, the effect of température
variation in altering the sp.gr. is greater, whilst
the effect of a given incrément in strength is less,
the stronger the acid ; so that in praetice the
sp.gr. is of little value in determining the
strength of acid containing upwards of 90 p.c.
H2S04.

Kolilrausch Lunge and Naef
Per cent.

HaSO^ Sp.gr. at 18° compared Sp.gr. at 15°with water at 4°

90 1-8147 1-8185
91 1-8200 1-8241
92 1-8249 1-8294
93 1-8290 1-8339
94 1-8325 1-8372
95 1-8352 1-8390
96 1-8372 1-8406
97 1-8383 1-8410
98 1-8386 1-S412
99 1-8376 1-8403

100 1-8342 1-8384

The following table, recalculated by the
author, represents the results obtained by Bineau
(A. Ch. 3, 21, 341) :

At1S°C. Diminution in
density for each
1° above 15°C.

Percentage Différence for Percentage Différence for

Degrees Tw. Sp.gr. SO.H, l°Tw. so3 l°Tw.

165 1-825 ■188 90-60 73-96
160 1-800 •185 86-75 •77 70-81 •63
155 1-775 •183 83-83 •58 68-42 ■48
150 1-750 •182 81-45 •48 66-49 •39
145 1-725 •181 79-25 •44 64-69 •36
140 1-700 •180 77-16 •42 62-98 •34
135 1-675 •179 75-00 ■43 61-22 •35
130 1-650 •178 72-92 ■42 59-52 •34
125 1-625 •176 70-83 •42 57-82 •34
120 1-600 •174 68-66 •43 56-06 •35
115 1-575 •172 66-58 •42 54-35 ■34
110 1-550 •170 64-42 •43 52-59 •35
105 1-525 •167 62-18 •44 50-75 •37
100 1-500 •164 59-89 •46 48-89 •38

90 1-450 •160 55-19 •47 45-05 •39
80 1-400 •155 50-20 •50 40-98 •41

70 1-350 •148 44-89 •53 36-65 •43
60 1-300 •140 39-29 •56 32-07 •46
50 1-250 •131 33-29 •60 27-17 •49
40 1-200 •120 27-23 •61 22-23 •50
30 1-150 •100 20-79 •64 16-97 •52
20 1-100 •080 14-25 ■65 11-63 •53
10 1-050 •047 7-50 •67 6-12 ■55

The following tables are abridged from longer ones, founded on Kolb's experiments, wkich
h ave been accepted as standard by the German Society of Alkali Makers (Lunge and Hurter,
' Alkali Makers' Pocket Book,' pp. 88-95).

At 60°p. = 15-5°0.
100 parts by

weight contain 1 litre con-
tains kilos,

of h„so.

At 60°F. = 15-5°C.
100 parts by

weight contain 1 litre con-
tains kilos,
of H.S0,

Sp.gr.
Degrees

Tvvaddell so, h2so. Sp.gr.
Degrees

Twaddell so, H2S0.

1-20 40 22-10 27-10 •325 1-30 60 32-02 39-23 •510
1-21 4-2 23-11 28-31 •342 1-31 62 33-00 40-42 •529
1-22 44 •24-10 29-52 •360 1-32 64 33-97 41-61 •549
1-23 46 25-09 30-73 •378 1-33 66 34-89 42-73 •568
1-24 48 26-08 31-95 •396 1-34 68 35-25 43-79 •587
1-25 50 27-07 33-16 •414 1-35 70 36-62 44-85 •605
1-26 52 28-06 34-37 •433 1-36 72 37-48 45-91 •624
1-27 54 29-05 35*59 •451 1-37 74 38-35 46-97 •643
1-28 56 30-04 36-80 •470 1-38 76 39-20 48-02 •662
1-29 58 31-03 38-01 •490 1-39 78 40-05 49-06 •682

1 According to Lunge, the tables of Yauquelin and d'Arcet are still in use in the South of France (1891).
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At 60°F. =15-5°0.
100 parts by

weight contain 1 litre con-

tains kilos,
of H2S04

At G0°F. =15-5°C.
100 parts by

weiglit contain 1 litre con-
tains kilos,
of ïï3S04

Sp.gr.
Degrees

Twaddell SO, HaSO. Sp.gr. Degrees
Twaddell SOs HaS04

1-40 80 40-90 50-10 •701 1-62 124 57-52 70-40 1-141
1-41 82 41-75 51-14 •721 1-63 126 58-22 71-32 1-162
1-42 84 42-60 52-1S •741 1-64 128 58-90 72-16 1-183
1-43 86 43-41 53-18 •761 1-65 130 59-60 73-00 1-204
1-44 88 44-20 54-15 •780 1-66 1.32 60-25 73-80 1-225
1-45 90 45-00 55-12 •799 1-67 134 60-90 74-60 1-247
1-46 92 45-79 56-09 ■818 1-68 136 61-58 75-43 1-268
1-47 94 46-58 57-06 •838 1-69 138 62-28 76-29 1-289
1-48 96 47-34 58-00 •858 1-70 140 62-98 77-15 1-311
1-49 98 48-08 58-90 •877 1-71 142 63-68 78-01 1-333
1-50 100 48-81 59-80 ■897 1-72 144 64-39 78-87 1-356
1-51 102 49-55 60-70 •917 1-73 146 65-09 79-73 1-379
1-52 104 50-28 61-60 •936 1-74 148 65-79 80-59 1-402
1-53 106 51-00 62-50 •956 1-75 150 66-49 81-45 1-425
1-54 108 52-73 63-40 •976 1-76 152 67-39 82-56 1-452
1-55 110 52-46 64-30 •996 1-77 154 68-30 83-67 1-480
1-56 112 53-20 65-20 1017 1-78 156 69-20 84-78 1-509
1-57 114 53-94 66-10 1-037 1-79 158 70-11 85-89 1-537
1-58 116 54-68 66-98 1-058 1-80 160 71-02 87-00 1*566
1-59 118 55-39 67-85 1-078 1-805 161 71-58 87-69 1-582
1-60 120 56-10 68-72 1-099 1-81 162 72-15 88-39 1-599
1-61 122 56-81 69-59 1-120 1-815 163 72-71 89-88 1-616

Variation of spécifie gravity witli température.
0" 10° 20° 30° 40° 60° 75° 100°

1-857 1-846 1-835 1-825 1-816 1-806 1-782 1-762
1-807 1-796 1-784 1-773 1-762 1-751 1-725 1-700
1-754 1-745 1-735 1-726 1-716 1-706 1-683 1-660
1-704 1-695 1-685 1-676 1-666 1-656 1-634 1-610
1-654 1-645 1-635 1-626 1-617 1-608 1-586 1-565
1-604 1-595 1-585 1-576 1-567 1-558 1-537 1-516
1-552 1-544 1-536 1-528 1-520 1-512 1-491 1-469
1-502 1-494 1-486 1-478 1-470 1-462 1-441 1-419
1-452 1-444 1-436 1-429 1-423 1-416 1-395 1-374
1-402 1-394 1-386 1-379 1-372 1-364 — —

1-352 1-344 1-336 1-330 1-324 1-316 — —

1-300 1-293 1-287 1-280 1-274 1-267 — —

1-250 1-243 1-237 1-230 1-224 1-217 — —

1-200 1-193 1-186 1-180 1-173 1-165 — —

1-149 1-143 1-137 1-131 1-125 1-119 — —

1-0<J8 1-093 1-087 1-082 1-077 1-072 — —

1-048 1-043 1-037 1-032 1-028 1-022 — —

A number of careful observations bave been
matle by Lunge and Isler (Zeit. f. angew. Chem.
1890, 129 ; also S. C. 1.1890, 500) leading to
tbe déduction of a curve representing the varia¬
tion of densily with strength, the sp.gr. at
15°
j;C. (absolule density at 15°C.) being the ordi-
nate, and the strength the abseissa. In the
main this curve agréés closely with the mean
curve deduced from the experiments of Kolb,
and of Bineau above quoted ; but it differs
measurabiy at the ends—i.e. in the case of the
weakest and strongest aeids.

S. U. Pickering bas published (C. J. Trans.
1890, 64) a number of observations on the sp.gr.
of sulphuric acid of strengths between 0-997007
and 99-85700 p.c. of H2S04, in which it is
claimed that the limit of error does not, as a
rule, exceed 0-000008 (eight parts in one million),
notwithstanding that the eight déterminations

of the strength of the strong sulphuric acid
used to préparé other strengths by dilution
varied between 99-701 and 99-902 p.c., showing a
range of 0-258, or about 1 part in 400. Pounded
on these results, H. D. Richmond lias calculated
a table (S. C. I. 1890, 479) of spécifie gravities
of sulphuric acid between the limits 1-8248 and
1-8384 referred to water at 15° (90-86 to 100 p.c.).

Another table, ' the resuit of a careful sélec¬
tion of figures from standard authorities,' has
been calculated by A. H. Elliott (The Chemical
Trade Journal, March 24, 1888, 182).

The spécifie gravity of commercial sulphuric
acid, as eompared with its strength, usually
differs slightly from that found in the case of
cliemically pure acid, owing to the presence of
sulphate of lead and other impurities.

Spécifie heat of dilute sulphuric acid. F.
Bode gives the following table indicating the
relationship between the sp.gr. at 15°C., and

IRIS - LILLIAD - Université Lille 1



710 SULPHUEIC ACID.

the spécifie heafc of sulphuric acid (Zeit. f.
angew. Chem. 1889, 244; also S. 0.1.1889, 543).
Spécifie
gravity

Degrees
Baume

Spécifie
heat

Spécifie
gravity

Degrees
Baumé

Spécifie
heat

1-842 66 0-3315 1-320 35 0-67
1-774 63 0-38 1-263 30 0-73
1-711 60 0-41 1-210 25 0-78
1-615 55 0-45 1-162 20 0-82
1-530 50 0-49 1-116 15 0-87
1-453 45 0-55 1-075 10 0-90
1-383 40 0-60 1-037 5 0-95

Tension of nitrous anhydride dissolved in sul¬
phuric acid at différent températures. E. Sorel
(Ix. supra) has made a number of détermina¬
tions of the amounts of nitrous anhydride given
off when sulphuric acid of différent strengths,
and containing différent proportions of dissolved
nitrous gases, vas made to fiow through a spiral
tube 5 métrés long placed in a water-bath at
constant température, whilst a current of pure
nitrogen gas passed through the spiral in the
opposite direction; the results obtained varied
from -009 milligram of N203 per litre of nitrogen
at 0°, and 760 mm., when acid of sp.gr. 1-774,
containing 28-4 grms. N203 per litre, was passed
through at 40'1°C., up to 109-15 milligrams,
when acid of sp.gr. 1-597, containing 12-5
grms. N203 per litre, was passed through at
89-9°C. ; in général, the weaker the acid and
the higher the température the more N203 was
evolved.

G. Lunge (Zeit. f. angew. Chem. 1891,37 ; also
S. C.1.1891,364) has carried out a large number
of further observations on this point, employing
substantially the same method, with the différence
that carbon dioxide was used instead of nitrogen,
and a 10-bulbed tube instead of a spiral. Pure
nitrosulphonie acid dissolved in pure sulphuric
acid was used ; no nitric acid was found in the
solution. The following tables, representing
grms. per litre throughout, are abridged from
those given for nitrous vitriol of gravity respec-
tively 1-720, 1-686, 1-633, and 1-60, and for
températures of 50°-90°C. When plotted as
curves, the figures show that in presence of
strong acid, and at low températures, nitrosul¬
phonie acid exists as a compound in the fluid ;
but, on diluting the liquid and raising the tem¬
pérature, the compound is dissociated, and the
nitrous acid formed removed by the gases into
■which it diffuses.

A number of déterminations of the heat capa-
city of sulphuric acid solutions of différent
strengths liave also been recorded by S. U. Pick-
ering (C. J. Tr. 1890, 64).

Tension of aqueous vapour emitted by dilute
sulphuric acid. E. Sorel has made a number of
experiments, leading to the following results,
abridged from much fuller tables (Bull. Soc. Ind.
Mulhouse, 1890, 240 ; also S. C. I. 1890,175).
The figures represent tensions in millimétrés of
mereury ; obviously they are much below the
tensions of aqueous vapour in contact with
water.

Loss of N203 after 1 hour, during which time
5 litres of C02 were passed.

Iriginally
present 50° 60° 70° 80° 90°

Nitrous vitriol, sp.gr. 1-72 = 78 p.c. H2S04.
1 — — — — ■006
5 — — —

— •037
10 — — — •018 •093
15 — — •006 •056 •193
20 — — •031 •150 •356
25 •012 •031 •125 •312 •600
30 •081 •125 •293 •550 ■956
35 •156 •312 •525 •868 1-375
40 •268 •500 •775 1-193 1-800
45 •406 •712 1-050 1-537 2-337
50 •550 •931 1-325 1-875 2-675

Nitrous vitriol, sp.gr. 1-686 = 76 p.c. H,S0(.
8 — — — — •025

10 — — — •012 •050
15 — — •025 •100 •225
20 — •050 •186 •425 -625
25 •010 •200 •462 1-025 1-662
30 •062 •362 •750 1-700 2-812
35 •275 •625 1-250 2-362 4-175
40 •486 •886 1-736 3-025 5-550
45 •825 1-300 2-325 3-736 6-975
49 1-100 1-650 2-886 4-236 8-100

Nitrous vitriol, sp.gr. 1-633 = 71± p.c. BL.S0,.
1 •012 ■025 •036 •100 ■150
5 •212 ■300 •436 •736 •825

10 •700 •936 1-436 2-086 2-375
15 1-186 1-675 2-412 3-450 4-162
20 1-662 2-412 3-400 4-850 5-986
25 2-700 3-636 5-000 6-800 8-662
30 4-412 5-412 7-350 9-675 13-125
32 5-236 6-325 8-575 11-175 16-362

Percentage Température
of ïï2S04 in

acid 10° 20° 30° 40° 50° 60° 70° 80° 90°

44 4-4 8-5 15-5 28-1 48-3
48 3-7 7-1 13-4 23-9 40-1 69-0 107-2
52 3-0 5-8 10-9 18-9 31-5 54-0 84-5 131-2 207-9
56 2-2 4-3 8-1 14-2 24-1 41-6 65-0 100-9 160-0
60 1-6 3-0 6-1 10-0 16-9 28-7 46-1 72-3 118-7
64 1-2 2-2 4-0 6-5 10-9 18-7 30-3 48-0 83-7
68 •9 1-5 30 4-5 7-2 12-3 19-4 31-4 56-0
72 •7 1-0 2-0 3-2 4-8 7-5 12-0 20-0 33-7
76 •4 •5 1-4 2-1 3-0 4-8 7-5 11-8 18-5
80 •2 •3 •8 1-3 1-9 2-9 4-1 6-2 9-3
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Loss of No03 after 1 liour, de.—continuée!.

Originally
présent 50° 60° 70° 80° 90°

Nitrous vitriol, sp.gr. 1-60 = 69 p.c. H,S04.
1 •050 •086 •175 •336 •412
5 •812 1-150 1-500 2-120 2-700

10 1-975 2-812 3-712 4-990 6-475
15 3-360 4-612 6-125 8-400 10-625
20 4-700 6-425 8-562 11-850 14-800

Fuming acid is generally valued in propor¬
tion to the amount of trioxide présent, the
balance being H2S04. The sp.gr. is sometimes
employed as a test of strength, but is fallacious,
since the density of acid containing about 70 p.c.
of S0s is a maximum, botk stronger and weaker
acids exhibiting lower densities. The following
table is given by B. Messel (S. C. I. 1885, 573),
ail the specimens being liquid at 26-6°C.

Physieal character
at 60e]?.

Percentage
of SO„

Spécifie gravity

At 80°P.
=26-6°C.

Calculated
to 60°P.
= 15-5°C.

8-3 1-842 1-852
Liquid 30-0 1-930 1-940
Cr ys t alline f 400 1-956 1-970

mass resem-- 44-5 1-961 1-975
bling nitre 46-2 1-963 1-977

— 59-4 1-980 1-994

r 60-8 1-992 2-006
Liquid . 65-0 1-992 2-006

69-4 2-002 2-016

f 72-8 1-984 1-998
Crystalline .< 80-0 1-959 1-973

82-0 1-953 1-967

C. Winkler has obtained values slightly dif-
fering from Messel's, the acid used being ' com¬
mercial,' and therefore possibly not quite pure.

Spécifie gravity Percentage
at 2U°C. of SO,
1-860 1-54
1-870 4-28
1-880 . 6-42
1-890 8-16
1-900 10-07
1-910 11-43
1-920 15-95
1-930 21-34
1-940 28-03
1-950 31-46
1-960 35-87
1-970 44-64

A. more accurate method consists in weighing
out a portion of the acid to be examined in a
sealed bulb,1 which is then broken under water
by shaking up in a bottle ; sulphurous acid,
generally présent, is first determined by titra-
tion with iodine solution, and then the S03 by
précipitation as barium sulphate or volumetri-
cally (Messel, l.c., p. 521). The following
table is abridged from a longer one given by

1 Instead of a sealed bulb, a spécial form of * bulb-tap
pipette ' is reeommended by Lunge and Key (Zeit. f. angew.
Chcrn. 1891, 165).

Lunge and Hurter ('Alkali Makers' Pocket
Book,' p. 96), for the réduction of percentages of
total S03 thus found to percentages of S02, tlio
balance being H2SO.,.

Total SO,
found by analysis

Contains per cent.

SO4H„ S03 ,

81-63 100 0
82-00 98 2
82-37 96 4
82-73 94 6
83-10 92 8
83-47 90 10
83-84 88 12
84-20 86 14
84-57 84 16
84-94 82 18
85-31 80 20
85-67 78 22
86-04 76 24
86-41 74 26
86-78 72 28
87-14 70 30
87-51 68 32
87-88 66 34
88-24 64 36
88-61 62 38
88-98 60 40
89-35 58 42
89-71 56 44
90-08 54 46
90-45 52 48
90-82 50 50
91-18 48 52
91-55 46 54
91-92 44 56
92-29 42 58
92-65 40 60
93-02 38 62
93-39 36 64
93-76 34 66
94-12 32 68
94-49 30 70
94-86 28 72
95-22 26 74
95-59 24 76
95-96 22 78
96-33 20 80
96-69 18 82
97-06 16 84
97-43 14 86
97-80 12 88
98-16 10 90
98-53 8 92
98-90 6 94
99-27 4 96
99-63 2 98

100-00 0 100

Setlik finds (Chem. Zeit. 13, 1,670 ; C. J.
Abs. 1890, 414; S. C. I. 1890, 417) that a
simple method of valuation, with sufficient ac-
curacy for most purposes, is to titrate 100 grms.
in a flask with water until the acid ceases to give
off fumes, the flask being kept cool. At first a
thick cloud is formed on the addition of each
drop, but latterly the fumes become less apparent.
The flask must then be shaken after each addi-
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tion o£ water until the fumes are absorbed before
adding the next portion : 1 c.c. of water repre-
sents 4-444 grms. S03. Aeids eontaining more
than 35 p.o. of S03 should be diluted down to
about that strength by addition of pure H2S04.
Lunge regards this method as insufficiently
accurate for use between buyer and seller,
although otherwise convenient.

Dilute free sulphurie oceurs in nature in con¬
sidérable quantities in various streams and lakes,
e.g. the Eio Vinagre in South America, and Lake
Mount Indien in Java ; probably in sueh cases
it is formed by the spontaneous oxidation of
natural sulplrides, or by the action of water eon¬
taining chlorides on certain silicates and sul-
phates conjointly, under the influence of internai
terrestrial beat. The drainage waters of copper
mines and others where pyrites becomes exposed
to the air often contain suffieient quantities to
exert a highly corrosive influence on the pumps
and maehinery. As an artificial product it has
been known for centuries, obtained by distilling
various sulphates, especially alum and copperas
(ferrous sulphate), either alone or with silicious
matter ; in this way a highly corrosive power-
fully acid distillate is obtained, consisting, under
favourable circumstances, of monohydrated sul¬
phurie acid eontaining suffieient sulphurie anhy¬
dride dissolved therein to fume slightly; frorn
the oily consistency of the product the common
name ' oil of vitriol ' is derived. It has also
long been known that when brimstone and a
small quantity of saltpetre are burnt together in
moist air, or in vessels eontaining water to ab-
sorb the fumes produced, an acid liquid results
which can be concentrated by evaporation. The
chemical identity of the two products, however,
does not seem to bave been clearly understood
until the beginning of the seventeenth century,
and not till near 1740 was the manufacture of sul¬
phurie acid by processes of the latter kind carried
eut on anything like a moderately large scale.
About this time, however, Ward set up at Bich-
mond, in Surrey, a small factory for the prépara¬
tion of sulphurie acid ' per campanam ' (made
by the bell), so called from the shape of the
glass vessel in which the sulphur and saltpetre
were burnt together (about 8 parts of the former
to 1 of the latter), the lower part eontaining
water kept warm by a sand-bath. Kepeated
charges were fired inside the bell at intervais, so
that the fumes produced by one charge should
be eondensed as far as possible before the next
one was fired ; ultimately the watery acid ob¬
tained became strong enough for use, either at
once or after concentration by evaporation in
glass retorts, and the proeess became so far a
commercial success that the acid thus produced
could be profitably sold at only a small fraction
of the price previously charged for acid prepared
by distilling green vitriol. Since that time the
manufacture of non-fuming sulphurie acid from
sulphur has developed into one of the largest
chemical industries extant ; but until recently
the production of fuming acid has remained
comparatively but small. Certain developments
of the coal-tar colour industry, however, have
of late created a considérable demand for
fuming acid, in conséquence of which processes
of manufacture have been adopted based on
prinûiples entirely différent from that involved in

the production of ' Sfordhausen ' acid by distilla¬
tion of sulphates—namely, the direct union of
sulphur dioxide and oxygen to fonn sulphur tri-
oxide, either_in the entire absence of water, or in
presenee of a -quantity "insufiieient to hydrate
the product to sueh an extent as to prevent
fuming. This direct union will not readily take
place unless some solid body be présent, the sur¬
face action of which promûtes the combination
of the two gases ; platinum, especially wken in
fine division, possesses this power to a remark-
able extent, but numerous other substances, sueh
as various metallic oxides and even brickwork,
are more or less active in this direction. The
formation of vitriol from the combustion of su),
phur dépends likewise on the indirect addition of
oxygen to sulphur dioxide, but in this case the
surface action of solid substances is not requisite,
oxides of nitrogen being used instead to effect
the combustion ; moreover, the action here takes
place in presenee of an excess of aqueous vapour,
so that the resulting acid is usually weaker than
orthosulphuric acid, and requires concentration
by evaporation if oil of vitriol is to be manu-
factured. Accordingly, the plant used in the
production of vitriol is for the most part entirely
différent from that employed to manufacture
fuming acid, saving in so far as vitriol made
from sulphur is employed as raw material for
the production of the latter.

2. Manufacture of fuming acid. A con¬
sidérable number of processes for the production
of fuming acid have been at various times
patented, and more or less put in actual opéra¬
tion ; these may eonveniently be grouped in
three divisions—namely (1) those depending on
the action of heat on some metallic sulphate,
whereby décomposition is brought about with
évolution of sulphur trioxide, more or less decom-
posed further into sulphur dioxide and oxygen
by the température employed ; (2) those in
which the essential action is the surface opéra¬
tion of certain solids in bringing about union
between sulphur dioxide and oxygen ; and (3)
those bascd ou other reactions. Obviously the
first two principles might be combined together,
the surface action being employed to reproduce
sulphur trioxide from the mixture of dioxide
and oxygen resulting from the partial breaking
up of trioxide by heat in distilling sulphates;
this class of combination proeess was patented
by Neale (1876), and is stated to be in actual
use ; but inasmueh as the most effective methods
employed in fuming acid works are carefully
kept secret, little or no reliable published informa¬
tion on the subject is extant.

(1) Processes of distillation of sulpliatis.
Probably the substance most largely employed,
at any rate until recently, as a source of fuming
acid is sulphate of iron, formerly in the form of
'

copperas ' or ' green vitriol ' (ferrous sulphate),
carefully dried so as to deprive it of most of its
water of crystallisation and partially peroxidise
it during the proeess ; latterly in the form of
crude ferrie sulphate prepared by long-continued
weathering of certain slaty minerais eontaining
iron sulphide disseminated throughout them,
lixiviation of the mass, evaporation of the
mixed ferrous, ferrie, and aluminic sulphates
dissolved out, and gently roasting, so as to
dehydrate the mass and completely peroxi-
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dise the iron présent. On heating such mi¬
terais in a sériés of clay retorts mounted
together in a large ' galley ' furnace, sul¬
phur trioxide is expelled when the tempéra¬
ture rises suflieiently high, and is condensed in
receivers previously eharged either with a small
quantity of water or preferably with oil of vitriol
or weak fuming aeid from a previous opération.
Several successive charges are worked off into
the same set of receivers, each retort holding
oiily a comparatively small quantity, not exceed-
ing 3 kilos of ' vitriol-stone ' ; the residuum of
impure ferrie oxide, more or less brightly tinted,
left in the retort is so far from being valueless
that it practically constitutes as important a
product as the fuming aeid itself, especially in
the case of certain shades in the production of
which so high a température is requisite that a
very large portion of the anhydride is lost by
splitting up into sulphur dioxide and oxygen;
by the use of various subsidiary prouesses the
residue is converted into pigments of différent
shades and considérable value. By submitting
to redistillation, at a gentle heat, the fuming
aeid thus prepared, almost pure sulphur trioxide
eau be obtained; or by receiving the vapours in
fuming aeid of lower strength, fuming aeid of
any required higher strehgth may be produced ;
thus fuming aeid containing 98 p.c. of trioxide
and 2 p.c. of H2S04 is now obtainable commer-
cially by the ton, whereas a few years ago it was
a mere chemical curiosity of which compara¬
tively few persons had ever seen so large a
quantity as one pound at once.

R. Schubert has patented a process for
effectingthe distillation under greatly diminished
pressure, the vapours evolved being passed
through heated platinised asbestos, so as to cause
the reunion of the sulphur dioxide and oxygen
formed by the breaking up of sulphur trioxide
under the influence of heat.

Instead of ferrie sulphate, magnésium sul-
pliate has been proposed for use (Sonstadt, 1875) ;
the high température required to décomposé the
sait causes much loss by conversion into sulphur
dioxide and oxygen. Sodium pyrosulphate,
obtained by carefully heating sodium hydrogen
sulphate, was proposed by Prelier in 1847, and
re-patented by Wallace in 1876; the reactions
here are

Na„S04 + H2S04 = 2NaHS04
2NaHS04 = H20 + Na2S207

Na2S207 = Na2S04 + S03,
so that the process is a continuous one, the
neutral sodium Sulphate resulting from the dis¬
tillation being converted into sodium hydrogen
sulphate by treatment with sulphuric aeid, and
soon,over andover again. Wolters has patented
the analogous use of mixed magnésium sulphate
and sodium or potassium pyrosulphate, which is
stated to give off sulphur trioxide at a lower tem¬
pérature than the pyrosulphate alone, and so to
diminish the loss by formation of sulphur di¬
oxide ; unless a high température, be employed
the magnésium sulphate does not suffer décom¬
position, but even if it should be decomposed,
obviously the resulting magnésium oxide will
reproduce sulphate on treating with sulphuric
aeid. Processes based on the action of heat on

pyrosulphates do not appear to have met with
much commercial success ; but a method due to

Wolters is said by Lunge to be actually at work
in several factories : this consists in treating
sodium pyrosulphate with monohydrated sul¬
phuric aeid, when sulphur trioxide is formed
together with sodium hydrogen sulphate, thus :
Na2S207 + H2S04 = 2NaHS04 + S03. By heating
the residual aeid sodium sulphate to 300°-320° in
a retort furnished with an agitator and eonnected
with an air-pump, it is easily and completely
converted into pyrosulphate, with loss of water.
Winkler has applied the continuous principle
to the reproduction of ferrie sulphate in the iron
process, starting from burnt pyrites or other
form of ferrie oxide, so as to render the working
continuous and independent of the supply of
copperas or ' vitriol stone,' practically only ob¬
tainable in certain spécial localities. After the
distillation is completed, the ' caput mortuum '
is treated with sulphuric aeid so as to repro¬
duce ferrie sulphate. Scheurer-Kestner finds
that by heating to a bright-red heat a mix¬
ture of 2 parts of calcium sulphate (gypsum)
and one of ferrie oxide, much sulphuric
anhydride is evolved as such, comparatively
little being broken up into sulphur dioxide
and oxygen until the latter part of the heating ;
addition of a little calcium chloride or fluoride
to the mixture considerably retards the breaking
up. Sulphates of other dibasic metals, e.g. lead
and magnésium—may be substituted for calcium
sulphate. Cummings (Eng. Pat. 7,355, 1886)
heats gypsum intimately mixed with clay and
moulded into bricks in a kiln, whereby silicate of
lime and alumina is formed suitable forhydraulic
cernent, whilst sulphuric anhydride is evolved,
more or less decomposed by the heat into sul¬
phur dioxide and oxygen. S. Pitt has patented
a process whereby sulphuric anhydride is ob¬
tained from the aeid residues of petroleum
refining, &c., consisting of conversion into ferrie
sulphate by addition of red ochre, and heating in
a current of air to 300°-350°C. Perrous sul¬

phate is formed and remains, whilst one-third of
the sulphur présent is expelled as sulphuric anhy¬
dride, which is condensed (S. G. I. 1888, 628).
J. D. Stark has patented a somewhat similar
process, whereby the residues are fed into a re¬
tort by means of an endless screw ; the heat
causes sulphur dioxide to be evolved, which is
cooled and washed, mixed with air or oxygen in
the proper proportion, and passed through tubes
containing contact agents—e.g. platinised as¬
bestos (S. C. I. 1890, 734).

(2) Surface-action processes.—It has long
been known as a laboratory experiment that
when a mixture of sulphur dioxide and oxygen
is passed through a tube containing heated
platinum, combination is induced and sulphur
trioxide formed ; more than fifty years ago at-
tempts were made to utilise the reaction in
vitriol-making, and so to dispense with the use
of nitre ; thus Phillips in 1831 patented a pro¬
cess of this kind, brimstone being burnt in excess
of air, so that the gaseous mixture contained
suflïcient oxygen, and the gases, mixed with aque-
ous vapour, being brought into contact with hot
platinum. In practice, however, the process
proved unable to compete with the ordinary
nitre process as regards clieapness of product;
and the same resuit followed in several subsé¬

quent cases where attempts to manufacture
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vitriol by ' catalytio ' action wero made, the
principle involved being the same throughout,
but with more or less différence in détails. In
1875 Winkler pointed out that the reaction
might be used as a source of sulphuric anhydride
and fuming acid, so as to compete commercially
with the distillation process ; platinised asbestos
(prepared by dipping asbestos successively in

FIG. 1.

platinic chloride and sal-ammoniac solutions,
drying, and igniting) being highly effective in
bringing about the required surface action, and
a largely increased yield being obtained when
the sulphur dioxide and oxygen are not diluted
with niïrogen—e.g. when prepared by decomposing
ordinary oil of vitriol by beat into sulphur di¬
oxide, oxygen, and steam, andremoving the last

by condensation, preeisely as in Deville and
Debray's process for the manufacture of oxygen
from vitriol, saving that the sulphur dioxide is
not required to be removed as well as the aqueous
vapour. In the same year, Squire and Messel
patented in Britain a process based on much the
same lines, employing platinised pumice stone
as the ' catalytic ' agent. The principal diffi-
culty in applying this process industrially was
the rapid corrosive action exerted upon that part
of the plant where the sulphuric acid was decom-
posed by heat. Fig. 1 represents an arrange¬
ment for the purpose, patented by Angerstein
(Germ. Pat. 26,959, 1883), the acid being sup-
plied by an inverted siphon b b to a platinum
cup c, supported by a perforated porcelain
nozzle p, placed at the base of a tubular furnaco
of firebricks heated by producer gas and air
(both previously heated, and under pressure)
supplied from their respective mains l and g,
through orifices at regular intervais k k, m m,
and n n, so as to heat up the tubular interior
//intensely; concentrically within the tube are
a sériés of socket pipes d d d of fireclay, one
above the other, each provided with a perforated
bottom on which lumps of clay are piled. The
sulphuric acid is volatilised in the platinum
basin c, and the vapours passing upwards are
decomposed by the incandescent clay. Other
forms of apparatus for the same purpose liave
been patented by Squire.

Numerous improvements have from time to
tinre been made the subjects of patents ; thus in
1878 Winkler (Germ. Pat. 4,566, Sept. 21)
patented the use of a variety of ' catalytic '
agents of high activity, more especially such
substances as asbestos, slag wool, infusorial
earth, &c., or even organic bodies like cellulose
or cotton-wool, impregnated with platinum black
by soaking in platinum chloride solution and
reducing with sodium formate ; surface-acting
materialsof thiskind are statedtobe sufficiently
active to enable sulphuric anhydride to be readily
made from burner gases containing as little as
4 p.c. of sulphur dioxide.1 Messel (1878) patented
the employment of sulphur dioxide and oxygen
made by burning sulphur in excess of electrolytic
oxygen prepared by a dynamo machine ;2 and
Neale (1876) the employment of the mixture of
sulphur dioxide and oxygen given off (along
with more or less sulphur trioxide) by heating
various sulphates, platinised asbestos, spongy
platinum, or oxide of copper, iron, orchromium,
&c., being used as surface-acting material. In
1882 Bath took out a patent for the use of
ordinary burner gases (sulphur or pyrites burnt
in air) passed through purifiers for removing dust
and aqueous vapour, and then through vertical
iron tubes containing surface-acting materials at
a température between a low and a full red heat.
A patent (9,188, 1887) has been taken out by
Hânisch and Schrôder claiming the application
of increased pressure to facilitate the contact
action, a mixture of 25 p.c. pure sulphur dioxide
and 75 p.c. air being the most effective propor-

1 Platinum black reduced by formaidehyde is the most
active variety of ail (Loew, B. 1890, 289).

2 A somewhat similar patent, involving the use of pure
oxygen instead of air, has been subsequently taken out by
Lunge, sulphur or pyrites being burnt in excess of oxygeu
(prepared by Brin's process from air), and the resulting
gases passed over contact agents.
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tion. According to Lunge, this process is carried
out in several large faetories, and is probably the
niost suecessful of those now working (1891). It
isobvious that wlien the manufacture of ordinary
sulphuric acid is conjoined with that of fuming
acid tke loss that would otherwise be occasioned
throughimperfectperoxidation of sulphur dioxide
may lie avoided by leading the exit gases into the
vitriol chamber ; so that under these circum-
stances the smaller relative yield obtained when
gases diluted with nitrogen are employed is not
necessarily fatal to the commercial success of
the process ; and in point of fact it is commonly
understood that methods based on the combus¬
tion of sulphur or sulphides in air and formation
of fuming acid by bringing the products of com¬
bustion into contact with energetic surface-acting
materials are those principally employed in the
manufacture of fuming acid.

(3) Miscellaneous processes.—Reactions other
than the foregoing are capable of giving rise
to fuming acid, and have accordingly been
patented, but as yet do not appear to have corne
extensively into actual use. Amongst them
may be noticed Griiber's nitrosulphonie acid
process (1883), depending on the formation
of nitrosulphonie acid (chamber crystals),
S0j(0H)(NO2), by the well-known reaction of
ordinary burner gases and oxides of nitrogen on
one another in presence of an amount of steam
insufficient to form vitriol, and the action on these
in a separate vessel of hot sulphur dioxide mixed
with oxygen or air, whereby oxides of nitrogen
are eliminated, which are led away to the ordi¬
nary vitriol chamber and there utilised, whilst a
fuming acid is formed, probably cliiefly in accord-
ance with the équation—

2S02(0H)(NO2) + S02 = 2NO + H2S04 + 2SO,.
Nobel and Fehrenbach have patented (1884)

a process based on the direct dehydration of oil
of vitriol by metaphosphoric acid, or even more
highly hydrated phosphoric acid (glacial acid) ;
at a température of about 320° this material
converts the sulphuric acid into anhydride, re-
taining the water, which can be driven off at a
higher température so as to reproduce the glacial
phosphoric acid ready for use over again. By
operating in a vessel filled at intervais with
lumps of glacial phosphoric acid through a
manhole, and provided with an exit tube at the
bottorn for the fluid solution of phosphoric acid
formed, the process can be worked tolerably
continuously. According to Lunge, no material
is known that will withstand for a sufficient
length of time the action of fused phosphoric
acid, neither glass nor platinum being available.

3. Manufacture of non-fuming acid. Since
Ward's time, during the last century and a half,
the changes that have taken place in the nature
of the plant used in preparing vitriol have rather
been characterised by increase in dimensions
than by anything involving a material variation
in the général charaeter of the process. About
1746 Roebuck substituted lead vessels or ' cham-
bers1 for glass bells ; some fifty or sixty years
later the use of steam, generated in a separate
boiler, and of a more or less continuous current
of air (instead of an intermittent supply ob¬
tained by opening valves in the chamber before
igniting a fresh charge), with a sulphur burner
separate from the leaden chamber, were intro-

dueed ; since which time the leading altérations
and improvements that have been made in the
manufacture have been, firstly, the substitution
for brimstone of pyrites and other metallic sul¬
phides ; and secondly, the addition of Gay-Lussac
and Glover towers for the purpose of recovering
nitrous fumes carried away in the spent gases
or contained in the chamber acid, and of econo-

mising fuel by utilising the heat evolved in the
combustion of the sulphur itself for concentra-
ting by evaporation the somewhat dilute acid
obtained in the chambers, and for supplying
aqueous vapour to the gases, so as to diminish the
amount of steam requisite to be generated by the
combustion of ordinary fuel. Minor variations
in the mode of supplying nitrous fumes have
also been made, and the use of water spray
instead of steam has been introducedby Sprengel
and others, although this latter process has not
been very widely adopted ; with these exceptions,
however, the vitriol manufacture has undergone
little radical altération during the last three quar-
ters of a century, saving that the applianees now
used are gigantic in dimensions compared with
those employed at the commencement of that
period, and that the processes are now carried
out with far more précision under skilled and
scientific supervision, with the resuit of obtaining
a far larger yield from a given quantity of raw
material at greatly decreased cost for labour, &c.

The substitution of pyrites for brimstone
can hardly be elassed as an improvement from
the point of view of obtaining a purer product
and of simplifying the applianees requisite,
beeause, firstly, iron, arsenic, and other im-
purities are apt to be introduced into pyrites
acid to a much greater extent than with brim¬
stone ; and secondly, more chamber space is
rendered imperative for a given quantity of
vitriol made, on account of the larger dilution
of the sulphur dioxide produced from pyrites in
virtue of the absorption of oxygen by the iron
therein présent, whereby a relatively much
larger proportion of nitrogen becomes mixed
with the products of combustion. These dis-
advantages, however, are for most purposes
much more than counterbalanced by the greater
cheapness of combined sulphur in the form of
metallic ore, especially pyrites, than in that of
brimstone. For some of the largest applications
of vitriol (e.g. the manufacture by the Leblanc pro¬
cess of salteake, or crude sodium sulphate, for
glass-making and alkali-making ; the préparation
of superphosphate, ammonium sulphate, and arti-
ficial manures generally; and a variety of allied
industries) the impurities derived from pyrites
are of little or no conséquence ; but for certain
other purposes these impurities are so far in-
jurious that it is essential to employ a purer
acid made from brimstone, even though this be
more costly to préparé. Accordingly, even at the
présent day there is still a not inconsiderable
production of brimstone acid in Great Britain
to meet these spécial requirements ; whilst
abroad, and more especially in the United
States (where for a variety of reasons the dis¬
proportion between the price of brimstone and
pyrites suitable for vitriol-making is in many
loealities not so great as elsewhere), the manu¬
facture of brimstone acid is carried out to a still
larger extent as compared with that of pyrites
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acid." If at any future time the priee of brim-
stone should fall to sueh an extent as to render
it possible to use that substance eeonomically,
the employment of pyrites would doubtless
largely or entirely eease ; the profitable use of
certain kinds of this minerai has indeed been
rendered practically impossible, excepting in
certain districts, during the last twenty or tliirty
years on account of the advantages obtained by
the employment of certain other kinds contain-
ing small quantifies of copper, the extraction of
which from the cinders left when the sulphur in
the minerai is largely burnt off (by a method
distinct from smelting, and generally known as
the ' wet ' process—v. Coppee) is now generally
combined with, or made a supplément to, the
manufacture of vitriol in the first instance.
Whereas formerly ores, such as Wicklow pyrites,
containing only about 30 p.c. of actual sulphur
and a large admixture of slaty gangue, were
largely exported and consumed as sources of
vitriol ; at the présent day these ores ean hardly
compete in the market, especially when freight
over long distances is considered, with ' cupreous
ores ' such as those obtained largely from Spain
and Portugal, containing some 48 p.c. of sul¬
phur, and only a few p.c.'s of siliceous gangue,
which does not interfère with the subséquent
process for copper extraction in the way that
larger amounts of gangue would do, especially if
of argillaeeous character. Moreover, even if the
poorer non-cupriferous ore could be profitably
mined and carried long distances at the same
price for a given amount of sulphur présent as
the richer cupreous ores, the latter would still be
practically cheaper to use for a variety of reasons
which will be discussed presently (v. p. 720).

Composition of brimstone and pyrites.—Com¬
mercial brimstone is usually tolerably pure sul¬
phur containing little or nothing which will con-
taminate injuriously vitriol made therefrom,
but leaving behind a small quantity of ash on
incinération, varying in amount from a few
tenths up to 2 or 3 p.c., or even more ; its
quality and conséquent price is usually regulated
rather by the colour and size of fragments,
freedom from dust and smalls, and such like
considérations, than by the nature of the small
quantity of impurities présent as determined by
chemical analysis. Pyrites, on the other hand,
is usually of a value dépendent quite as much on
the quantity of copper présent as on the précisé
amount of sulphur contained. Pure iron disul-
phide, FeS2, contains 46-7 p.c. of iron and 53-3
of sulphur ; and pure copper pyrites (chalco-
pyrite), FeCuS2 or Cu2S,Fe2Ss, contains iron
= 30-6, sulphur = 34-9, and copper = 34-5 p.c.
The cupreous ores principally used as sources
of sulphur for vitriol-making are usually mix¬
tures of these two substances, together with

1 Out of a total make estimated at 395,000 tons of oil
of vitriol in America in 1885, W. Martyn caluulated tliat
the proportion made from pyrites (American, Canadien,
and imported jointly) would beequalto a consumption of
75,000 tons pyrites, representing probably some 105,000
tons of oil of vitriol ; or between § and if of the total make
was estimated to be brimstone acid (W. Martyn, S. C. X.
1885, p. 26 ). In 1886 the quantity of pyrites imported had
risen to 57,000 tons, that consumed for acid-making where
mined being 55,000, giving a total of 112,000 tons, repre¬
senting some 160,000 of oil of vitriol ; whilst the brimstone
imported was close upon 118,000 tons, representing about
350,000 tons of 0. Y. ; or, again, more than double that
équivalent to the pyrites used (' Minerai Kesources of the
United States,' Calendar, 1886).

more or less gangue and small quantities ol
other metallie sulphides, especially those of
arsenic, zinc, and lead, the copper pyrites being
présent to such an extent as to cause the whole
mass to contain a few per cents, of metallie
copper, but iron disulphide constituting the
great bulk thereof. The analyses on next page
will furnish an idea of the général character of
various kinds of pyrites that either are, or bave
been, somewhat extensively used for the manu¬
facture of sulphuric acid ; those marked ' aver-
âge ' being the mean composition of quantities
of many thousands of tons used during upwards
of a twelvemonth, as determined by analyses
made by the author, whilst the others are mostly
derived from smaller quantities.

It is noticeable that several of these ores

contain copper in very appréciable amounts,
but are practically of no greater value for that
reason, because the nature and amount of the
gangue présent prevents the ordinary 'wet'
process of copper extraction being profitably
applied to the cinders. A certain amount of
the copper may sometimes be extracted very
simply by weathering the burnt ore—i.e. exposing
it freely to the atmosphère—whereby more or
less copper sulphate is formed (together with
other soluble salts) by spontaneous oxidation of
the copper sulphide contained in the kernels;
the liquor that drains from the heap (moistened
by watering if requisite) being received in a
tank filled with scrap iron, the copper is pre-
cipitated from the solution with very little labour.
This process is actually used in some French
works burning Chessy ore (Lunge, Sulphuric
Acid, 1891, 2nd édition, p. 41).

The valuation of brimstone and pyrites, as
regards the amount of sulphur présent therein,
is best efïected by the following methods, ac-
cepted by the German Society of Alkali Maïers
(Hurter and Lunge, Alkali Makers' Pocket-book).
50 grams of finely-ground brimstone are dis-
solved in 200 c.c. of earbon disulphide in a well-
stoppered bottle, and the sp.gr. of the solution,
s, determined at a convenient température f°;
the sp.gr. at 15°, S, is then calculated by the
formula (valid up to 25°C.) S = s x -00014(1-15),
and the percentage of sulphur deduced from the
following table (abridged) :—

g Percentage g Percentage
of sulphur of sulphur

1-271 4x0 1-321 4 x 12-1
1-274 4x0-6 1-324 4 x 12-8
1-276 4x1-2 1-327 4 x 13-5
1-279 4x1-9 1-330 4 x 14-2
1-282 4x2-6 1-333 4 x 15-0
1-285 4x3-4 1-336 4 x 15-6
1-288 4 x 4-1 1-339 4 x 16-4
1-291 4x4-8 1-342 4 x 17-1
1-294 4x5-6 1-345 4 x 17-9
1-297 4x6-3 1-348 4 x 18-6
1-300 4x7-0 1-351 4 x 19-3
1-303 4x7-8 1-354 4 x 20-1
1-306 4x8-5 1-357 4 x 21-0
1-309 4x9-2 1-360 4 x 21-8
1-312 4x9-9 1-363 4 x 22-7
1-315 4 x 10-6 1-366 4 x 23-6
1-318 4 x 11-3 1-369 4 x 24-8
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For pyrites about '5 grm. is treated witlr about
10 c.e. o£ a mixture of 3 vols, nitric acid (sp.gr.
1-4) and 1 of strong hydrocbloric acid, both per-
fectly free from sulphuric acid, solution being
accelerated by keating now and then ; the whole
is evaporated to dryness on the water-bath, eva-
porated again after addition of 5c.c. morehydro-
chloric acid, and the residue taken up with 1 c.c.
of strong hydroehlorie acid and 100 of water.
The filtrate is treated with ammonia in only
slight excess, filtered, and washed, and if the
total fluid exceeds 200 c.c. is concentrated by
evaporation. Finally, a very slight excess of pure
hydroehlorie acid is added, the whole heated to
boiling, and about 20 c.c. of a 10 p.c. solution of
barium chloride (also heated to boiling) added.
The precipitate is allowed to stand for half-an-
hour, the clear portion run off tkrough a filter,
and the residue treated with 100 c.c. of boiling
water and allowed to settle two or three minutes,
the supernatant liquid being then run off through
the filter, and the precipitate similarly washed
by décantation three or four times. Operating
in this way, any sulphur présent as galena or
lieavy spar (valueless for vitriol-making) is not
included in the percentage ultimately found.

In the case of burnt cinders, where sharp
accuracy is less necessary, the material is dis-
solved in aqua regia and evaporated, and the
residue taken up with hydroehlorie acid and
water, and precipitated as above by barium
chloride at a boiling heat, the removal of iron
by ammonia being omitted.

J. Watson finds (S. C. I. 1888, 305) that
a simple and expeditious process for deter-
mining sulphur in burnt pyrites may be based
on Pelouze's method of sulphur estimation—
viz. cautious fusion with sodium carbonate and
potassium chlorate, and titration of the alkali not
converted into sulphate. The chlorate is omitted,
the burnt ore being mixed with a known quan-
tity of sodium bicarbonate and heated over a
rather low Bunsen flame for 5-10 minutes. The
mass is then eautiously stirred with a wire
stirrer, and the heat increased for 10-15 minutes
more, when the oxidation of the sulphur is com¬
plété. Finally the mass is treated with water,
and the unneutralised soda titrated with standard
acid, using methyl orange as indicator.

Lunge has investigated this method (Zeit. f.
angew. Chem. 1889, 239 ; S. C. I. 1889, 572), and
finds that it is not only the simplest and cheapest,
but also the quickest and most accurate,
test yet devised for the purpose ; and, after
additional experience of it, states (S. C. I. 1890,
1014) that it was found to be préférable to ail
other methods tried in his laboratory.

Jannasch and Richards (J. pr. 39, 321 ;
S. C. I. 1889, 819) have carried out a sériés of
experiments on sulphur détermination in pyrites
and similar minerais, and conclude that when
the sulphur is determined by oxidation in the
wet way and précipitation with barium salts,
without removing iron first, a defieiency of 1-2
p.c. is apt to be occasioned by reason of the solu-
bility of barium sulphate in solutions of iron
salts ; whilst, on the other hand, a small quan-
tity of ferrie oxide is présent in the ignited
precipitate, which they regard as due to the
précipitation of a double sulphate of iron and
barium.

Lunge (Zeit. f. angew. Chem. 1889, 473 ; see
also C. J. Abs. 1890,413 and S. C. 1.1889,966) finds
that in using the process of the ' Alkali Makers'
Pocket-Book ' (supra) the precipitated ferrie
oxide may carry down with it some basic iron
sulphate if the liquid be boiled until the smell of
ammonia is ail but gone ; but if the directions
given are properly followed (a slight but distinct
excess of ammonia tobe added, warming fora few
minutes till the precipitate settles, and filtering
at once) no such loss of sulphuric acid occurs.

Jannasch (J. pr. 1890, 41, 566) détermines
the sulphur in pyrites by burning in a boat in a
combustion tube in a stream of oxygen, receiving
the produets of combustion in bromine water.

4. Plant used in vitriol-making. While
considérable différences still exist between the
apparatus employed by différent manufacturera
in différent countries, some works being far less
complété than others in this respect, and whilst
certain stages of the process admit, under vary-
ing conditions, of considérable variety of treat-
ment, there are, nevertheless, certain funda-
mental features common to ail vitriol-making
plant; the essential characteristic being that by
the combustion of sulphur (either free, as brim-
stone, or combined with metals, <fcc., as sul-
phides) in presence of excess of air, a mixture
of sulphur dioxide, oxygen, and nitrogen is
formed, which is then intermingled with certain
gaseous nitrogen oxides and steam, the former
only in relatively small quantities. Under these
circumstances the nitrogen oxides act as 'car¬
riers ' of oxygen—i.e. they cause, in virtue of
certain reactions in which they take part, a cycle
of changes to oecur, the end resuit of which is
that oxygen becomes added on to sulphur di¬
oxide and steam, forming sulphuric acid, thus:
2S02 + 02 + 2H20 = 2H2S04, whilst the nitrogen
oxides are left in the same condition as at first,
so that they react over and over again in the
same fashion with successive quantities of sul¬
phur dioxide, thus causing the formation of
large amounts of vitriol relatively to their own
mass. The nature of the intermediate reactions
talring place in this cycle of changes is differently
viewed by différent chemists, whose opinionswill
be more conveniently discussed later on (v. p. 726).

The plant employed in the process consists es-
sentially of (1) a burner, wherein the mixture of
sulphur dioxide, oxygen, and nitrogen is formed;
(2) an arrangement whereby the nitrogen oxides
are added to the gases ; (3) a steam generator,
from which a current of steam ean be further
blown in ; and (4) a capacious vessel, or sériés
of vessels, or ' chambers,' in which the gases can
react at leisure on one another, the sulphuric acid
depositing therein in the liquid form, and the
spent gases emerging at the far end of the
chamber. This much is common to ail vitriol
plant, supplementary appliances now generally,
though not universally, employed being the
' Gay-Lussac ' tower, which is essentially a
scrubber through which the exit gases are
passed, and down which moderately strong sul¬
phuric acid passes, so as to absorb nitrous
fumes ; and the ' Glover ' tower, which is essen¬
tially another scrubber, placed between the
burners and the chambers, through which the
hot burner gases pass, whilst the nitrous vitriol
from the Gay-Lussac tower, together with the
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somewhat dilute acid which précipitâtes in the
chambers are made to flow down the tower ; the
resuit of which is, firstly, that the nitrous fumes
dissolved both in the chamber acid and in the
Gay-Lussae tower liquor are volatilised and
brought back again into the stream of gases, and
80 U3ed over again and yet again ; secondly,
that much water is evaporated from the weaker
chamber acid, thus not only concentrating it
without material expense, but also saving fuel
by diminishing the amount of steam required to
be blown into the chambers ; and, tliirdly, that
a considérable fraction of sulphur dioxide is con-
verted into vitriol in the tower itself, thus di¬
minishing the amount of chamber space requisite
for the chemical reactions.

Pyrites burners.—Although some amount
of vitriol is still made from brimstone, and
some from the gases obtained during the prelimi-
nary roasting of certain zinc, copper, and other
valuable metallic ores in the process of smelting
them, and by burning the sulphur-impregnated
spent iron oxide of the gasworks, and such like
materials, still by far the largest proportion manu¬
facture! in Europe is prepared from pyrites con-
taining quantities of copper too small for extrac¬
tion bv the ordinary smelting processes, although
usually large enough to be profitably extracted
by the 1 wet ' method. Such pyrites as imported
is mostly in somewhat large fragments, which
are first of ail broken up by hand or crushing
machines and sifted, whereby two kinds of
material are obtained, which require somewhat
différent treatment. The smaller quantity is
the 'smalls,' including not only dust but also
ail fragments capable of passing through a ^-inch
or even a £-inch riddle ; whilst the ' lumps 1 eon-
stitute the remainder, the largest being capable
of passing through a 2-ineh, or atmost a 3-inch,
screen (occasionally 'peas ' are sifted out from the
smalls, and treated separately from the finer dust
and grains). The burner for lumps is generally
known as the ' kiln,' from its général similarity
to a miniature lime-kiln. The older forms of kiln
consisted of a nearly square brickwork vertical
tube 3 or 4 feet high with air-holes to facilitate
combustion, a charging orifice at the top, and
two openings at the bottom for the withdrawal
of the burnt cinder, the gases produced passing
away through a flue, provided with a damper for
regulatingthe draught,and containing a nitre pot.
This form of burner is fairly well suited to the
combustion of poor ores requiring a pretty long
column of material ; but for the richer class of
cupreous ores, now ehiefly employed, a much
less deep layer of ore is required, whilst the base
is usually provided with horizontal firebars, be-
tween which the cinder drops out into an ashpit
beneath : these are square-headed, but oval,
square, or oblong in section, so that on rotating
them by means of a long lever-key fitting on to
the heads, the lumps of pyrites lying between
them are gradually forced out. According to
the relative positions of the bars, the air-space
between them varies, to avoid which a helieal
thread on the bars is adopted by Helbig, the
bars in ail cases being rounded on those parts
which rest on their supports, which are grooved,
so that whilst each firebar can rotate on its
longitudinal axis latéral motion is impossible.
To avoid undue access of air, the ends of the

bars are boxed in and doors provided, closed
when the bars are not being turned ; and to
diminish the time during which the ashpit door
is open for the removal of cinders a ' bogie,' or
truck, is arrange! in the pit into which the
cinders fall, the removal of which is thus accom-
plished in a fraction of the time requisite for
raking or shovelling them out.

Burners of a variety of différent sizes and
patterns are in use in différent countries and
districts ; those mostly employed for Spanish
ores in Britain are generally built in a double
row, back to back, with a double common flue
for the whole sériés built centrally along the
row on the top of the back portion of each kiln,
which plays into the flue through an orifice for
the purpose, the nitre-pots being generally placed
in an ' oven,' or expansion of the flue, at the end
of the sériés. The fronts are eased in with stout
iron castings, to which the various doors (sliding
or hinged) for charging, stirring up to avoid or
break up scars, working and rotating the bars,
&c., are fixed as nearly airtight as may be,
charging being efl'ected through doors in front at
the top part of the casing. The whole is well
tied together with plates and rods, to avoid any
formation of cracks and crevices by settling or
expansion, &c. The air requisite for combustion
is admitted partly through the unavoidable
chinks between the doors and their settings,
partly through various holes in the doors pro¬
vided for the purpose, closed when required by
inserting plugs or fragments of brick or burnt
ore, &o. The internai portion is built of fire-
brick, with a slight ' batter,' or slope, downwards,
so that the horizontal section is smaller in area

at the level of the firebars than at that of the
charging-doors, the internai cavity being shaped
like an inverted square or oblong truncated pyra-
mid. As regards dimensions considérable diver-
sities occur in practice, some few manufacturers
still adhering to the comparatively small-sized
burners mainly in vogue twenty or thirty years
ago (some 33 inches wide and 26 deep at
the firebars and 42 inches square at the level of
the bottom of the charging-door, giving a total
' batter ' of 6 inches back and front and 9 inches
sideways) ; others using slightlylarger sizes (some
39 inches wide, and 42 deep at the bars, and
48 by 51 at the charging-door, giving a total
' batter ' of 9 inches both ways) ; but most em-
ploying larger sizes still, up to 54 inches wide
and 60 to 66 deep at the bars. The smallest
sizes thus represent areas of 8'25 square feet at
the bars and 12-25 at the charging doors, giving
a mean area of 10-25 square feet. These kilns
will readily burn 4 cwt. of Spanish ore in 24 hours,
or about 44 lbs. per square foot of mean area,
without danger of fritting the lumps together,
if due attention be given ; but are often worked
much more heavily, in which case ' searring,'
or fluxing of the ore, is apt to occur pretty fre-
quently unless great care is bestowed. The
largest sizes, on the other hand, possess a mean
area of something like 25 square feet, and when
worked with charges of 7 cwt. and upwards per
24 hours give a rate of burning of 31 lbs. and up¬
wards per square foot of mean area. The most
frequently employed dimensions are probably
kilns of somewhere about 16 to 18 square feet
firebar surface and 22 to 24 square feet area at
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base of charging-doors, giving a mean area of
19 to 21 square feet, representing (when burning
7 cwt. daily) 37 to 41 lbs. of ore per square foot

■ of mean area for 24 hours. This rate of burning
is probably near the maximum consistent with
proper freedom from fluxing, and thorough com¬
bustion (as far as practicable) of sulphur, when
ores of the Spanisk and Portuguese class are
employed; but if poorer ores are used much
more rapid rates of burning (relatively to the
weight of ore passed througk the burner in a
given time) may be safelyemployed. Thus Lunge
states, on the authority of various observers,
that, whilst in England the quantity of 48 p.c.
pyrites burnt daily rarely exceeds 40 lbs. per
square foot of grate-surface (about 35 per square
foot of mean area), in German works, using
Westphalian pyrites containing 40-42 p.o. of
sulphur, quantifies up to 64 lbs. per square foot
of grate-surface (say 55 lbs. per square foot of
mean area) can be safely burnt; whilst with
Valois ore, containing only 35 p.c. of sulphur,
quantifies can be burnt daily up to 92 lbs. per
square foot of grate-surface (say 80 lbs. per square
foot of mean area).

When the kilns are working properly the
great majority of the oxidation takes place be-
iore the fragments liave sunk many inches, and
the rest is practically effected in the middle of
the kiln ; so that by the time the burnt ore
reaches the firebars it has become ail but cold
through the chilling action of the entering air.
If the température at this level is perceptibly
raised, the burner is not in proper working condi¬
tion, either through being partly stopped up by
dust or scarring, or by overcharging or insuffi-
cient draught. On the other hand, with too
great an air-supply the burner becomes chilled,
so that the fresh charges do not ignite properly,
whilst the gases produced are too much diluted
with excess of air. Should the température
rise too high in the zone where the chief
combustion takes place, ' scars ' or ' scours '
are apt to be formed through the fritting
of the lumps together.1 When the fluxing
takes place to too great an extent to permit
of the lumps being broken up by the insertion
of stout iron bars used as pokers, great incon-
venience is caused, it being necessary in bad
cases to shut off the affected kiln from the rest
of the sériés, and more or less unbuild it so as
to remove the obstructing mass. This incon-
venience is less likely to be brought about with
poorer ores containing slate or difficultly fusible
gangue than with richer ores containing little
but metallic sulphides, wherefore the layer of
lumps is made considerably less in vertical height
when such ores as the Spanish and Portuguese
cupreous pyrites are burnt than when poorer
slaty ores, like Wicklow pyrites, are employed.
From 28 to 30 inches as a maximum, down to
22 to 24 as a minimum, thickness of layer,
with an average of about 27, are usual figures
in the first case ; whilst layers 40, or even 48,
inches thick can often be safely used with slaty
ores, and are indeed necessary on account of the
slower rate of combustion. Even then it fre-

quently happens that sufficient air for complété
1 "With a limitée! supply of air the first actionof lieat on

irondisulpliideisto burnoiï one-half of the sulphur présent,
leaying comparatively easily fusible ferrous sulphide FeS.

oxidation does not reach the interior of the larget
lumps, so that on breaking them after passing
through the kiln cores still ' green ' or unburnt
are distinctly visible ; whence, of course, a higher
pereentage of sulphur is lost through defective
combustion than with ores oxidising more readily.
The following figures, obtained by the author
some few years ago in a works where both
Wicklow ore and Spanish pyrites were used,
illustrate this point, the percentages represent¬
ing the mean amounts of unburnt sulphur
présent in quantities representing several
thousands of tons of burnt ore of both classes
made during periods of several months each

Wicklow ore Spanish ore
Cwts. of pyrites per kiln

per 24 hours . . 9'81 7'25
Mean pereentage of sul¬

phur in burnt ore . 6-06 3-05
In the same way the following figures were ob¬
tained, showing the resuit of increased ' duty'
with kilns burning Spanish ore in producing a
perceptible though small increase in the average
amount of unburnt sulphur contained in the
cinders.

Cwts. of pyrites per kiln Pereentage of sulphur
per 24 hours in cinders

5*8 2-85
6-8 2-88
7-0 3-01
7-5 3-08

As regards the Wicklow and Spanish ores, the
above figures are fairly typical of the
experience of vitriol-makers in the matter, a
readily explain why poor ores have so largely
fallen into disuse ; for obviously, for the same
quantity of sulphur actually burnt a much larger
amount of poor ore must be consumed than
corresponds simply to the lower pereentage ot
sulphur contained therein. Thus, 100 parts ot
Spanish ore containing 48 of sulphur yielded,
say, 70 of cinders, containing 3-05 p.c. of sul¬
phur, wherefore 48 — -7 x 3-05 = 45-86 parts
of the original sulphur were burnt ; wbereas
100 parts of poor ore containing about 32 p.c.
of sulphur (and therefore § as much as the
Spanish ore) yielded, say, 80 parts of cinder,
containing 6-06 p.c. of sulphur, wherefore only
32 —-8 x 6-06 = 27T5 parts of the original sul¬
phur were burnt. So that, instead of requiring
| as much of the poorer ore to produce a given
amount of sulphurous acid as would be required
of the richer ore, the proportion was 55—,27*15
169 p.c. instead of 150. When it is furtherre-
membered that the charges for carriage, breaking
up, and labour generally in burning each kind of
ore will not differ widely for equal weights, it is
at once évident that a given quantity of sulphur
is practically of much more value in a rich ore
than in a poor ore ; so that if the price per unit
of sulphur is the same, the richer ore is con¬
siderably the cheaper. Apart from this con¬
sidération, moreover, poorer ores usually give
burner gases averaging smaller pereentage con¬
tents of sulphur dioxide, thus rendering larger
amouuts of chamber space requisite in propor¬
tion to the sulphur burnt—i.e. diminishing the
output obtainable from a given size of plant
(vide pp. 725 and 736 et seq.).
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Even with the richest ores it îe never practi-
cable to burn off the sulphur completely ou the
large scale, partly beeause the copper présent has
a tendency to creep into the centre of eaeh lump,
forming a ' kernel ' of copper-iron sulphide which
does not oxidise rapidly, and partly beeause
highly basic ferrie sulphate is apt to be formed
in small quantity. For the subséquent process
ot extraction of copper by the wet method, it is
désirable that the sulphur left should be at least
not less than the copper présent, and preferably
ljto 2 times as much, green smalls being re-
quired to be added to the burnt ore when burnt
too low to bring up the total sulphur peroentage
to the necessary amount. In some works 3 to
3'25 p.c. of sulphur is the average amount left
in the burnt ore when Spanish pyrites is used ;
in others somewhat higher averages—3'5 and
even 4 p.c.—but rarely, if ever, is the average
amount for any considérable period below 2-75
p.c., although of course it may well happen that
particular batches fall considerably below this
limit. Admitting that 100 parts of ore contain-
ing 48 p.c. of sulphur yield 70 parts of cinder
containing 3'5 p.c., the quantity of sulphur left
in the burnt ore represents -7 x 3'5 = 2-45 per 100

2*45
of original pyrites, and therefore —— =5-10 p.c.

48
of the sulphur contained therein. Something
like 95 p.c. of the sulphur contained in the
pyrites is therefore usually burnt olï and escapes
in the gases from kilns consuming Spanish ore,
and somewhat smaller proportions when poorer
ores are employed.

Whatever the kind of ore burnt, a most
important feature of the process is the due
admission of air in adéquate quantity, not only
to completely burn ail sulphur and prevent
volatilisation thereof in an unburnt state, but
also to furnisli the oxygen required for the
formation of vitriol by the further oxidation of
sulphur dioxide in the chamber, without unduly
diluting the total mass of gases by permitting
too large an excess of air to be présent. To
elïect this requires considérable address and
experience, the précisé manipulation requisite
and the indications of proper working varying
more or less with each kind of ore. To prevent
undue access of air, the ashpit below the fire-
bars is closed in with doors fitting ail but
air-tight, as simitarly are the ends of the fire-
bars, the stirring-holes, and the charging-doors,
tbese being partly opened as required so as to
let in just the required proportion of air ; pre¬
ferably, smaller holes are drilled in the doors,
more especially those closing in the ashpit, and
closed up as required by the insertion of plugs,
or fragments of cinder Aie. In order to keep up
as near an approach to uniforrnity as possible
in the eharacter of the gases evolved from the
set of kilns, each burner is re-charged at equi-
distant intervais of time in regular rotation—i.e.
a set of 12 burners working a 24 hours tum
would be so treated that the second was re-charged
tivo hours after the first, the third two hours
later, and so on through the sériés ; excepting
when extremely large burners are used requiring
slower burning, and therefore re-charged only
once in 24 hours, re-charging every 12 hours is
the period most frequently adopted. As a check
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upon the working of the burners so far as ad¬
mission of air is concerned, analyses made from
time to time of the gases escaping at the far end
of the chambers are of great importance, inas-
much as from the percentage of oxygen found
therein after absorption of ail sulphur com-
pounds and nitrogen oxides exact knowledge is
gained of the average amount of surplus air
admitted during burning and re-charging Arc.
(v. p. 734).

Burners for smalls. A large number of forms
of burner for this purpose have been invented,
one of the earliest of which is Spence's furnace,
sometimes known loeally as a ' gimcraek,'
in principle very much like a closed sait cake
roaster. The flame from a coal fire plays through
longitudinal flues under the sole of the roaster,
thereby communicating auxiliary heat and facili-
tating the oxidation. From time to time the
layer of smalls placed on the sole is stirred up
by rabbles introdueed through the working doors,
the sulphurous gases produced passing olï to the
chambers through a flue. Fresh smalls are in¬
trodueed from time to time at the far end, and
gradually raked towards the fire end, where the
spent dust is withdrawn. Latterly this elass of
furnace has been largely superseded by arrange¬
ments requiring no extraneous heat furnished
by coal Arc. One of the simplest of these con¬
siste of a pair of shelves arranged over the mass
of burning pyrites in an ordinary kiln so as to
be heated thereby. These consist of iron or pre¬
ferably fireelay slabs built into the brickwork,
and provided with flanges at the edges to prevent
the smalls falling into the kiln and choking the
draught. The results obtained with this ar¬
rangement have generally been considered satis-
factory ; but, according to Lunge, the dust is
never perfectly burnt, and much surplus air
is unavoidably introdueed when doors are opened
to stir the smalls or withdraw or re-charge them.
An improved form has been introdueed by Hasen -
clever and Helbig, the smalls being burnt on
a sériés of alternate sloping shelves, arranged
one above the other in a square tower, up which
the gases from an ordinary kiln pass in such
fashion as to flow over each layer of smalls
in alternate directions. The slope of each
shielf is 38°, or slightly more than the natural
slope of pyrites fragments, 33° ; so that on re-
rnoval of cinder at the base of the lower shelf

(by a hand-rake or a wheel worked by maehi-
nery) the particles slide gradually down that
shelf, and consequently down ail the others,
somewhat as sand flows down the funnel of an

hourglass in action. A variety of other forms of
burner have been devised in which the heat of
combustion of the smalls alone is sufficient, so
that no lump pyrites at ail is requisite. Fig. 2
represents a section of a burner of this class in¬
trodueed by Malétra, and modified by Schaefiner,
the smalls here passing gradually downwards
from one to another of a sériés of horizontal
alternate shelves. In MacDougall's mechanical
furnace the pyrites is continually introdueed at
the top by an elevator, and raked by a- sériés of
arms affixed to a vertical spindle from one to
another of a set of superposed shelves, the pallets
of the rakes being so arranged that they cause
the smalls to pass from the centre to the cireum-
ference of one shelf, from which they fall on to

3 A
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the one below, and from the circumference to
the centre of that one from which they fall on
to the next lower one, and so on alternately
down the sériés until they escape eompletefy
burnt at the bottom. P. Spence patented in
1878 a variety of shelf burner provided with a
inechanical stirring arrangement, which bas been
used with success in America (Lunge). In ail
burners of this kind, and, indeed, in ail cases
where fine smalls are burnt under any cir-
eumstances, a much larger amount of dust is
carried off with the escaping gases than is the
case with kilns; accordingly a dust-depositing
chamber of some kind, usually a large expansion
of the flue with or without baffle plates dis-
posed in various ways, is generally provided
to diminish the large amount of contami¬
nation of the vitriol that would otherwise be

brought about. Even with kilns only this is a
useful précaution, especially when a Glover
tower is used ; when this is not the case the

FIG. 2.

dust is generally suffîeiently deposited in the
cooling flues interposed between the burners
and the chambers. The ' flue dust ' thus col-
lected is removed from time to time ; in
character it necessarily varies much, sometimes
being practically nothing but fine particies of
burnt ore mechanically carried along by the
gases, and sometimes containing large quantities
of substances sublimed from the burning mass,
more especially arsenious oxide, which sometimes
constitutes more than half of the deposit. Sub¬
limed unburnt sulphur, mercury, and oxides &c.,
of lead, zinc, sélénium, andthallium &c., are also
constituents, aceording to the nature of the ore
burnt. Ardèehe pyrites contains fluorspar in
sufficient quantity to form enough hydrofluorie
acid vapour to cause serious injury by corrosion
to glass apparatus used for distributing nitric
acid in the chambers.

W. Crowder gives the following figures as the
average of a large number of daily tests of the
sulphur contained in the partly-burnt smalls on
each of the seven beds of a kiln, arranged on

the Malétra and Schaeffner principle (sapra),
the original smalls containing 50 p.c. of snl-
phur, and the kilns being eharged every eight
hours, so that the smalls remain in the kilns
56 hours whilst passing from shelf to shelf

[. 1891, 295) :
ÎTovember December

No. 1 shelf
(23 tests) (26 tests)

32-27 32-81
„ 2 „ 2141 17-55
„ 3 „ 12-77 11-09

4»> 5J 6-39 5-03
„ 5 „ 4-08 3-42

6 „ 2-35 2-56
„ 7 „ 2-27 1-96

The gases thus produced (drawn from the flues
before reaching the nitre stack) contained 6-03-
7'02 p.c. of S02, and 9-27-10-00 p.c. of oxygen,
by volume in one (old) set of dust-kilns; and
4-86-7-03 p.c. of S02, and 8-90-10-68 p.e. of
oxygen in another (new) set ; whilst the burner-
gas from lump ore kilns contained 4-97-6-63 p.c.
of S02, and 9-60-11-21 p.c. of oxygen. The tem¬
pérature of the gases from the smalls burner was
usually near 610°F. (sometimes as lowas 570°F-,
and sometimes above 620°) ; whilst that from
lump kilns was between 773° and 800°F., or
about 180°F. ( = 100°C.) higher.

In Britain, where the bulk of the pyrites
burnt is of Spanish and Portuguese origin, the
use of smalls burners is mainly confined to the
working up of the dust of the pyrites produced
in transport and during breaking up -, and in
these cases it is often found inconvénient to
combine the current of gases from the smalls
burners with that from the kilns into one flue, on
aeeount of inequalities of draught thereby ren-
dered imminent. Frequently the use of a sepa-
rate smalls burner is rendered unnecessary by
making balls or cakes of the smalls moistened
with water and ground up, and then dried
on the roof of the kilns or flues ; incipient
oxidation is thus brought about, in conséquence
of which the mass binds together in lumps suffi-
ciently hard to burn in the ordinary pyrites kilns
along with the fragments of broken-up ore.
Formerly balls were made by mixing the smalls
with clay and drying ; but this method of treat-
ment haq now mostly gone out of use, as the clay
interfères with the proper burning of the bail as
well as with the subséquent copper extraction.
In some cases,however, pyrites smalls, purchased
as such, obtained from mines of various kinds,
are used exclusively or nearly so as sources of
sulphur dioxide ; or the analogous sulphide of
z'inc (blende) or copper matts (sulphides) ob¬
tained during the process of copper smelting are
roasted, and the gases produced utilised for
vitriol-making. For these purposes Spence's
furnace, more or less modified as occasion may.
require, is generally employed in Britain; bot
on the Continent one or other of the varions
forms of shelf burner &c. are usually preferred;
the working up of such materials into vitriol as
an adjunct to the main smelting opération is
there more frequently carried out than here,
wherefore the greater attention paid to improve-
ments in burners intended for such spécial
purposes.

A somewhat analogous material is the ' spent
oxide ' of the gasworks—i.e. a mixture of iron
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oxide and sulphur &c. formed during the puri¬
fication of coal-gas from sulphuretted hydrogen
by ' bog-iron ore ' (hydrated ferrie oxide). During
the flrst action sulphur is deposited and ferrous
sulphide and water formed, thus :

GH2S + 2Fe203 = 4FeS + 6H20 + S2,
nnd on exposing the mass to the air to ' revivify '
it more sulphur is formed and ferrie oxide re-
produced by absorption of oxygen, thus :

4FeS + 302 = 2Fe203 + 2S2.
After using a certain number of times the action
on sulphuretted hydrogen of the mass becomes
too languid to be of service; the substance is
then employed either as a source of artifieial
brimstone, or directly burnt to produce vitriol in
kilns analogous to those employed for pyrites
smalls, such as Hill's, closely akin to the Malétra
shelf burner.

Brimstone burners. In the simplest form
of burner, the brimstone is introduced from time
to time through a door on to an iron tray, the
liinder part of which is cooled by an air channel
underneath, to diminish the tendency to sub¬
limation of unburnt sulphur. The nitre pots
are simply placed on the sole in the midst of

the blazing sulphur. In anotherform the brim¬
stone is introduced through a door, and burnt
on a tray, the fumes passing through an orifice
into an upper chamber, divided into two by a
midwall, so that the gases pass from front to
back in the lower half, from back to front in the
first half of the upper chamber, thence through
to the other half, and so from front to back
again to the flue, which is common to two ad¬
jacent burners. In Harrison Blair's burner the
brimstone is introduced through a charging door
on to the sole, wlience the gases pass into a
serpentine passage, into which air is admitted
so as to burn the sulphur volatilised without
complété combustion ; the gases then pass to
a second storey, where they heat the nitre-
pots, and thence into a cooling dome, and so
to the flue. By duly regulating the air supply the
burner gases can be obtained of suitable concen¬
tration, and at a high enough température to
work a Glover tower when the burner is working
to its full capacity, some 4 tons daily; or the
consumption can be reduced to one-fifth the
quantity. When a Glover tower is not used, a
long cooling pipe is neeessary before the gases
are admitted into the chamber.

Fig. 3 represents Glover's brimstone burner.
a is the burner plate fed by the hopper, b ; c is
a chamber the upper part of which is filled
with loosely-staeked bricks, d, into which air is
admitted by the pipes e to complété the com¬
bustion of the sulphur ; e is a platinum dish,
and j, g leaden pans for concentrating the acid ;
K, flue to Glover tower.

When smalls burners are employed it is usual
to equalise as much as possible the current of
gases produced by charging several burners in
rotation at regular intervais ; the door being
opened, the ashes are raked out, and a fresh
charge introduced as rapidly as possible. Much
surplus air necessarily finds its way into the
chamber during this opération, wherefore char¬
ging through a hopper is préférable when praeti-
cable. Petrie has attempted to make a continuous
feed burner; but the peculiar behaviour of
meltcd sulphur on further heating in becoming
thick and viscid prevents this kind of arrange¬
ment answering well, a regular floiv of brimstone
being virtually impracticable. Hemptinne sup¬

plies liquid brimstone to the burner plates from
a east-iron box divided into compartments built
into the front wall. Perpendicular partitions,
reaching nearly but not quite to the bottom,
prevent the burner gas blowing out in front.

Sulphuretted hydrogen as a source of vitriol.
Although many attempts have been made at
various times to utilise sulphuretted hydrogen
(obtained from alkali waste, galena by the ac¬
tion of hydrochlorie acid in the manufacture of
oxychloride of lead, ammoniacal gas liquor, &c.)
for the production of vitriol, yet so many practical
diffieulties were encountered (chiefly in obtaining
the gas sufficiently pure and regularly supplied
for proper combustion) that almost invariably
the process was abandoned in favour of the pro¬
duction instead of artifieial brimstone. The
most successful way of dealing with sulphuretted
hydrogen as a source of vitriol appears to have
been the passing of the gas through an ordinary
pyrites kiln so as to effect its combustion with
little or no cost ; the gas'evolved from galena by
the action of hydrochlorie acid (not containing
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any Carbon dioxide) lias been tlius dealt with,
with very satisfactory results. One of the most
recent of the processes whereby brimstone is
obtained—that of Claus—consists in mixing
with the sulphuretted hydrogen a proportion of
air just sufficient to form water by uniting with
the hydrogen présent without containing any
surplus oxygen, and passing the mixture through
a bed of hot ferrie oxide, whereby a mixture
of nitrogen, steam, and sulphur vapour results,
from whieh brimstone or flowers of sulphur
can be obtained by cooling. Messrs. Chance
Brothers have successfully applied this pro-
cess to the régénération of brimstone from
alkali waste by means of the impure carbonic
acid obtained in calcining limestone (S. C. I.
1888, 102), this gas being forced through a suc¬
cession of vessels containing alkali waste and
enough water to make a creamy paste. In the
earlier of the sériés sulphuretted hydrogen is
evolved and calcium carbonate formed ; in the
later ones the sulphuretted hydrogen is absorbed
so as to form calcium hydrosulphide. By char-
ging the members of the sériés in rotation, and
suitably altering the connections, the process is
divided into two alternate phases, in the first of
whieh the sulphuretted hydrogen evolved in the
earlier vessels is practically wholly absorbed by
fresh alkali waste, little but the nitrogen of the
limekiln gases passing off ; whilst in the second
phase the calcium hydrosulphide thus formed is
decomposed by fresh limekiln gases evolving sul¬
phuretted hydrogen in virtue of the reaction :

CaH2S2 + H20 + C02 = CaC03 + 2H2S.
In this way a gas rich enough in sulphuretted
hydrogen to burn freely and continuously is
produced in the alternate intervais of second
phase, and is led away to a gas-holder (contact
with water being prevented by a layer of 'dead
oil '), from whieh it passes off in a regular
stream to the Claus kiln. About 33 to 34 p.c.
of sulphuretted hydrogen, 1-5 to 2 of carbon
dioxide, and 65 of nitrogen, represents the
average composition of the gas thus stored in
the gas-holder. The comparative uniformity of
composition thus attained, the increased rich-
ness in sulphuretted hydrogen, and the regularity
of the supply enable the gas to be successfully
employed in the manufacture of pure sulphuric
acid, it being simply requisite to burn the gas
along with a surplus of air, the combustion
taking place as readily as that of coal-gas. The
heat thus produced is sufficient not merely to
worlc a Glover tower between the burners and
chambers, but also to concentrate acid in a
pan on the top of the kiln ; it is stated by
Chance that from 98 to 99 p.c. of the sulphur
thus burnt can be obtained in the form of
ehamber acid when Gay-Lussac and Glover
towers are used, the difficulties inherent in the
former methods of utilising sulphuretted hydro¬
gen chiefly due to irregularity of supply being
obviated very thoroughly, and no more than the
usual quantity of nitre (2*9 to 3-6 parts per 100
of sulphur burnt) being required. According to
Lunge, in some works where the Chance pro¬
cess bas been adopted an increased consumption
of nitre has been noticed ; this he attributes to
irregularity in the composition of the gas, and
notably to the presenee of carbon dioxide therein.
On the other hand, in other works a diminution

in nitre consumption has been effeeted, owing
to the absence of fluctuations in the character
of the burner gas, a matter more difficult to
insure with pyrites burners.

Burner gases. The production of a mixture
of gases suitable for vitriol-making by burning
sulphur, metallie sulphides, or sulphuretted
hydrogen in air, is not quite as simple an opéra¬
tion as would at tirst sight appear. In the first
place the action of hot air on sulphur is not
only to form sulphur dioxide, but also more or
less trioxide, according to the way in whieh the
process is carried out, the surface action of the
vessels employed being doubtless largely con-
cerned in the change (vide, p. 713). In the case
of metallie ores, not only is this surface action
largely manifested, more especially in the case
of pyrites, but further there is more or less
tendency for the metallie sulphids to take up
oxygen direetly, forming (basic) sulphate whicii
suffers décomposition by heat, evolving S03asin
the Nordhausen acid manufacture. Hence it
results that pyrites burner gases generally con-
tain notably larger proportions of S03 than
brimstone burner gases. When the gases are
not led immediately through a Glover tower, the
sulphur trioxide and the moisture présent in
the air feeding the burners often condense
together as vitriol in the cooling pipes leading
the gases to the chambers, so that a prettystrong
acid often drips from these pipes (usually this is
collected and employed in the nitre-pots or other-
wise). Nextly, the volume of air requisite for
complété combustion of sulphur is by no means
the same whether the sulphur be free as brim¬
stone or combined with a métal or with hydrogen.
Thus for free sulphur, pyrites, zinc sulphide, and
sulphuretted hydrogen, the following équations
represent the main changes taking place re-
spectively :

S + 02=S02
4FeS2 + 110a = 8S02 + Fe203

2ZnS + 30, = 2SO„+2ZnO
2H2S + 30, = 2S02 + 2H20

whieh indicate that for a given weight of sulphur
converted into S02 in each case, quantities of oxy¬
gen, and therefore of air, will be requisite in the
proportion of 8,11,12, and 12 respectively ; and
consequently that if only sufficient air be used
to complété the combustion, or if equal quantities
of sulphur and air be employed in each case re¬
spectively, the resulting gases will be richest in
sulphur dioxide when brimstone is burnt, and
poorest when zinc sulphide or sulphuretted
hydrogen is burnt. In actual practice it is
always indispensable to use an excess of air
larger than that required to convert SO., into
vitriol, not only to avoid sublimation of sulphur
whieh might otherwise more often take place
through déficient oxidation, but also to facilitate
and intensify the carrier action of the oxides of
nitrogen, whieh up to a certain extent act the
more rapidly the more free oxygen is présent for
them to react with. Admitting the same pro-
portionate excess in each case, it obviously re¬
sults that a larger volume of burner gases is
produced for a given quantity of sulphur con-
sumed when sulphuretted hydrogen and zinc
oxide is burnt, than with pyrites, and with
pyrites than with brimstone ; i.e., cœterispanbus,

; amounts of ehamber space are requisite for a

IRIS - LILLIAD - Université Lille 1



SULPHURIC ACID. 725

given consumption of sulphur in these forms in
the same order. In the case of pyrites it is
usually considered préférable to employ such a
surplus of air as wiil, after ail SO, is converted
into vitriol, furnish a mixture of nitrogen and
oxygen in tlie exit gases, containing from 5-8 p.c.
of oxygen and 92-95 of nitrogen, which corre¬
sponds approximately with the following com¬
position of burner gases (vide p. 735) :—

Nitrogen . . . 8P5 to 82
Oxygen . . . 10'5 „ 9
Sulphur dioxide. 8 „ 9

1000 100

The admission of this excess of air can

obviously be eontrolled by analytical exainina-
tion of either the burner gases entering the
chambers, or the exit gases leaving them ; both
methods are sometimes employed, but more fre-
quentlythelatteronly. When the sulphur dioxide
présent is to be determined, the gas is slowly
aspirated through a solution containing a
known quantity of iodine until the latter is
rendered incapable of giving a blue eolouration
with starch, the volume of gases employed
beiug regarded as equal to that of the water run
out from the aspirator (Reich's method). The
following table gives the relationship when the
iodine talren is 10 c.c. of decinormal solution
(12-7 grms. per litre) mixed with 50 c.c. of
water and a little sodium hydrogen carbonate
and starch paste, the volume of the aspirated
gas being supposed to be previously reduced to
0°C. and 760 mm. (Hurter and Lunge, Alkali
Makers' Pocket-book) :—

Perccntagc; Percentage
Volume of gas of SOs by Volume of gas of SO„ by

aspirated volume aspirated volume
82c.c. 12 128c.c. 8
86 11-5 138 7-5
90 11 148 7
95 10-5 160 6-5

100 10 175 6
106 9-5 192 5*5
113 9 212 5
120 8-5

When the oxygen is to be determined, the
gas to be examined is washed through caustic
potash solution and treated with phosphorus,
ammoniacal cuprous chloride, or alkaline solu¬
tion of pyrogallol. A convenient form of gas
analysis apparatus bas been arranged by Orsat,1
consisting of a gas burette holding 100 c.c.
connected by a flexible tube with a réservoir
of water, by raising or depressing which the
gas is driven out from or sucked into the
burette, which is surrounded by a water-jacket
to diminish température fluctuations. Two
laboratory vessels are provided, one contain¬
ing caustic potash solution, and the other
ammoniacal cuprous chloride solution. The
measured volume of gas is passed into the
former of these first, whereby the sulphur
dioxide is absorbed ; then measured again, and
passed into the second, in which the oxygen is
absorbed ; and finally measured a third time ;
the diminutions inbulkbetween each consécutive
pair of measurements thus indicating, with

1 Several other forms of gas analysis apparatus for teeli-
nical purposes bave beau constructed by Lindemaun, Liebig,
Younger, Hempel, Bulitc, &c.

sufficient précision for technical work, in the
course of a few minutes the sulphur dioxide
and oxygen respectively présent. Kods of phos¬
phorus require several hours to effect a complété
removal of oxygen. Alkaline solution of
pyrogallol works rapidly, but under certain cir-
cumstances may evolve carbon monoxide, thus
impairing the accuracy.

Lunge states (S. C. I. 1890, 1014) that when
it is necessary to take into aecount the sulphur
trioxide existing in burner gases, the above
method is not applicable, since it only indicates
the sulphur dioxide. By employing a dilute
solution of canstio soda, with phénol phthaleïn
as indicator, a sharp valuation is obtainable of
the ' total acidity,' ineluding sulphurous and
sulphuric acids jointly.

Yaluations by density estimation—such as
those used in testing illuminating gas &c.~
would be readily applicable for technical pur-
poses were it practicable to construct a gas
balance of material that would resist the action
of the acid gases; and by such means a con¬
tinuons diagram représentation of the results
might be obtained.

When bases, such as lime, are présent in the
pyrites used, more or less sulphate is formed
and retained in the cinder, thus diminishing
the richness in sulphur dioxide of the burner
gases relatively to the air employed. When
poor ores are used, it is, generally speaking, im-
practieable to obtain efficient combustion with-
out the introduction of more air than corre¬

sponds with the most désirable proportion of
surplus oxygen. Thus whilst with rich pyrites
the burner gas with proper management may be
made to average between 8 and 9 p.c. of SO._,
eontinuously, sensibly less rieh gas is as a rule
produced from poorer ores, 6 to 7 p.c., or even
less, being nearer the average in such cases.
The effect of this is to render a larger amount of
chamber space requisite to hold the gases pro¬
duced from a given amount of sulphur combus¬
tion—i.e. to diminish the amount of sulphuric
acid that can be made in a given set of chambers
with poorer ores as compared with richer ones ;
thus furnishing another reason, in addition to
those already cited (p. 720), why a given quantity
of sulphur in the form of a poor ore is practically
far less valuable than the same quantity in the
form of a richer ore. Coal-brasses (pyrites im-
bedded in coal) always contain enough earbona-
ceous matter, even after careful picking, to
yield a notable admixture of earbonic acid in the
gases. This is eminently objectionable, because
the gases are thus diluted both by carbon dioxide
and the nitrogen of the air used to form it.
Moreover, the presence of carbon dioxide is
generally believed to interfère in some way not
clearly understood with the conversion of sulphur
dioxide into vitriol.

Could oxygen be obtained at a sufliciently
low price to permit of its being used instead of
air to generate sulphur dioxide, the diluting
effect of the nitrogen on the burner gases would
be obviated, and very much smaller chambers
l'equired to produce the same make of acid ;
probably also less nitre would be required than
at présent. Hitherto, however, it has been îound
cheaper to préparé oxygen by decomposing sul¬
phuric acid by heat (wliereby sulphur dioxideIRIS - LILLIAD - Université Lille 1
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and water are also produced) than to reverse
the process ; so that althougli the method bas
been proposed and even patented by more than
one inventor, it has never been worked on a
nianufacturing scale for the production of vitriol,
although attempts in this direction have been
made for the préparation of sulphuric anhydride
(vide p. 714).

5. Nitrogen oxides. On account of the re-
latively larger cost of nitrogen oxides as com-
pared with sulphur, it is always a desideratum
to reduce the quantity of these indispensable
reagents to the minimum possible consistent
with efficient work ; but from the nature of the
chemical changes involved there is a limiting
proportion between the quantity of nitrogen
oxides contained in the gases and the sulphur
burnt, beyond whieh the nitrous fumes cannot
be reduced without so slackening the rate of
conversion of sulphur dioxide into sulphuric acid
as either to render a large incrément in chamber
space imperative (i.e. a diminution of output
from a given plant), or else to cause great waste
by déficient conversion and conséquent loss of
sulphur dioxide in the waste gases. The précisé
limiting value, of course, varies somewhat under
différent eircumstances, the chief source of
variation being the employaient or otlierwise of
Gay-Lussac and Glover towers. When these
are used, the great bulk of nitrous fumes con¬
tained in th'e exit gases, and dissolved in the
chamber acid, is recovered and brought back
again into the chambers. Were it not that cer¬
tain secondary reactions occur which prevent
the possibility of a given quantity of original
nitrous fumes being recovered over and over
again without other loss than that due to
slightly imperfect recovery, the quantity of ni¬
trogen oxides requisite to be eontinuously gene-
rated from fresh materials would be simply
that équivalent to the imperfection of recovery ;
in actual practice, however, a eonsiderably
larger quantity than this of additional nitrous
fumes is requisite to supply these sources of
loss—i.e. to ovcrcome the diminishing effect of
certain secondary chemical changes which in¬
terfère with the completeness of the cycle of
opérations theoretically taking place. "When
Gay-Lussac and Glover towers are not used, a
much larger proportion of constantly generated
nitrous fumes is required to keep the chambers
in proper working condition, on account of the
non-recovery, usually about 2i) to 3^ times as
much ; i.e. from 2 to 4 parts of nitre per 100 of
sulphur burnt with recovery as compared with
8 to 12 parts without.1

A large number of différent views as to the
nature of the normal chemical changes taking
place in the vitriol chamber (as well as of
those occurring under abnormal conditions) have
been from time to time put forth by différent
observers ; these may eonveniently be divided
into two classes according to the nature of the
oxide of nitrogen regarded as playing the chief
part in the carrier action taking place—one
theory regarding nitric oxide, NO, as the essen-
tial agent, and the other considering nitrous

1 In Ward's rough process of 140 yenrs ago, 8 parts of
sulphur were employed to 1 of saltpetre ; or 12-5 parts of
potassium nitrate, équivalent to 10*5 of sodium uitrate, per
10U of sulphur.

anhydride, N.,03, to be the leading active body.
A full discussion of ail the différent views based
on one or other of these primary assumptions
and their respective advantages and demerits is
here impossible on account of limits of space ;
whichever oxide is regarded as the essential agent,
it is practically obtained by exposing nitric acid,
either in the liquid state as such, or as nascent
vapour evolved from a mixture of nitre and sul¬
phuric acid by heat, to the action of the bot
burner gases, when réduction takes place in ac-
cordance with one or other of the équations

(1) 3S02 + 2NOaH + 2H..0 = 3H,S04 + 2N0.
(2) 2S02 + 2N03H + H,0 = 2H2S04 + N203-
Assuming nitric oxide to be the main active

carrying agent, the cycle of changes taking place
over and over again in the vitriol chamber may
be regarded as the direct addition of oxygen to
nitric oxide, forming nitrous anhydride, and tbe
reaction of this with sulphur dioxide and steam
to form sulphuric acid reproducing nitric oxide,
thus furnishing a cycle of great simplicity.

(3) 4NO + 02 = 2N203.
(4) S02+N,Ô3 + H.,0 = H,S04 + 2N0.

The action is thus viewed as consisting in the
reaction on one another of gaseous substances
only—viz. steam, oxides of nitrogen, and sulphur
dioxide, with the resuit of yielding a produci
not gaseous at the prevailing température—viz.
sulphuric acid ; the latter consequently précipi¬
tâtes in the liquid state in the form of fine mist
or suspended vesicles, which forthwith attract
more water from the atmospheric vapour pré¬
sent, thus beeoming vesicles of diluted sulphuric
acid. If sufficient water vapour be not présent
to enable reaction (4) to take place, instead of
liquid vesicles of diluted sulphuric acid being
formed, a kind of snow or hoarfrost deposits in
the solid state, consisting of nitrosyl sulphuric
acid1 (otherwise known as nitrosyl sulphate,
nitrosulphonic acid, nitro-sulphurie acid, or
from its mode of formation ' chamber erys-
tals ') produced in virtue of the reaction
(5) 2S02 + 3N20j + H20 = 2SO,(OH) (NO,) + 4N0.

In any case this substance may be suppose!
to be formed as a temporary intermediate pro-
duct, being decomposed instantly in presence of
excess of steam in accordance with the re¬

action

(6) 2SO,(OH) (N02) + H.,0 - 280^-1-N.0,-
So that the complété cycle may be regarded as
really consisting of reactions (3) and (5) con-
tinually forming nitrosulphonic acid, which then
becomes sulphuric acid in virtue of reaction (6),
no oxide of nitrogen higher than N203 being
involved at ail in the changes.

Another way of explaining the changes, still
representing nitric oxide as the main carrier, is
to regard that gas as taking up oxygen to form
N„04 which then reacts like N203 in the pre-
vious équations, giving the simple cycle—

(7) 2NO + 0,=N,04
(8) 2SO, + N„04 + 2H,Ô = 2H„S04 + 2N0.

1 Nitrosulphonic acid, strietly speaking, implic, rte
atomic arrangement S0„<^q , where tlie nitrogen of the
NOa group is directly linked to the snlpliur of the £0,
group. Nitrosyl sulphuric acid, ou the other hitud, impliestlie
arrangement S03<q^-^q, where the nitrogen is only in-
directly linked to the sulphur by the agency of oxygen.
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Or, admitting the formation of nitrosul¬
phonic acid as an intermediate product, as
giving the cycle furnished by reaction (7) fol-
iowed by
(9) 4SO. + 3N204 + 2H.0 = 4S02(0H) (NO.) + 2NO
the nitrosulphonic acid being either splrt up by
excess of steam in accordance with équation (6),
orthus1

(10) 4S0.,(0H)(N02) + 2H..0
= 4R,S04 + N204+2N0.

A modification of this view supposes that nitro¬
sulphonic acid is formed by the reaction

(11) 2S0.,+ 2N20, + H.,0
= 2S0,(OH)(NO?) + N2O3

the N,03 thus formed giving more nitrosul¬
phonic acid in accordance with reaction (5),
équation (9) being thus équivalent to the sum
of (11) and (5) ; whilst another modification
supposes that both N._,03 and N204 are directly
formed from NO by reactions (3) and (7), and
then givo rise to nitrosulphonic acid by re¬
actions (5) and (9), which then finally gives sul-
phuric acid by the reaction of excess of steam
as before. Perhaps of ail the foregoing views,
this last one has been most widely adopted.

In connection with ail théories regarding N.,04
as playing an important part in the cycle of
changes, Lunge and Naef have shown (S. C. I.
1884, 633) that no measurable quantity of
nitrogen tetroxide can be deteeted in the atmo¬
sphère of a chamber working normally (although
it may appear in the last chamber when practi-
tically ail sulphur dioxide has disappeared) ; so
that if reaction (7) takes place at ail during
ordinary working, the N204 formed has only a
transitory existence (like nitrosulphonic acid
in presence of excess of steam), being instan-
taneously reduced again by the sulphur dioxide.

Yet other explanations of the chamber pro-
cess have been given by différent chemists, nitric
oxide beingstill regarded as the main carrier; one
of the most recent of these is that advocated by
Baschig (B. 1887,1161), who supposes that nitric
oxide, steam, and oxygen unité together to forai
orthonitrous acid, N(OH)3, which then combines
directly with sulphur dioxide, forming a hypo-
thetical body, dihydroxylamine sulphonie acid ;
this substance has only a momentary existence,
being forthwith acted on further by orthonitrous
acid, producing diluted sulphuric acid and nitric
oxide, which recommences the cycle ; 2 thus—

(12) 4NO + 02 + 6H.0 = 4N(OH)3
(13) N(OH)„ + SO., = N(0H)..S02(0H)

(14) N(OH)..SO,(OH)+N(OH)3
= S02(0H)2+2H20 + 2NO.

Ail these views have two points in common ;
firstly, tlrey regard the reactions as taking place
between substances in the vaporous condition
in the first instance ; and secondly, they regard
nitric oxide NO as the essential carrier. As re¬

gards the first point the author has long regarded
1 In contact with excess otpure water, chamber crystals

form sulphuric acid together with nitric oxide and nitrous
nud nitric acids, either in accordance with reaction (10),
the nitroso-nitric anhydride thus formed becoming further
acted npon thus N304+H20=4HN02+ HN03, or else in
virtueof reaction (6), the nitrous anhydride formed being
acted upon by water, thus :

X203+H20=2NO„H
3NO„H=N03H+2NO + H„0.

■ For further discussion of Baschig's views and Lunge's
criticisins thereon, v. Lunge, B. 1888, 67 and 3223 ; Raschig,
A. 248,123 ; Hamburger, S. C. 1. 1889, 164.

it as more probable that the main portion of the
normal action of a vitriol chamber docs not go
on in virtue of the inter-reaction on one another
of gaseous or raporous substances solely, but
takes place on the surface of the liquid water
vesicles formed by the partial condensation of
the steam at the moment of its entering the
chamber. If acid of 120°T\v. is made, approxi-
mately 2S03,7H.,0, for every volume of sulphur
dioxide used about 35 volumes of water vapour
are requisite to form such acid. Hence 100 vols.oî
burner gases containing 8 to 9 vols.of S02would
correspond with 28 to 32 vols, of water vapour ;
but gases saturated with aqueous vapour at 50°
(tension = 92 mm.) could only contain some 12-13
p.c. by volume of aqueous vapour, or less than
half that requisite to form vitriol of 120°, even
if the presence of sulphuric acid in a large frac¬
tion of the vesicles floating about did not
diminish the tension of aqueous vapour below
92 mm., and so prevent so large an amount being
retained in the vaporous state. Aeeording to
Sorel's experiments (p. 710), the tension of
aqueous vapour in contact with acid of 120°Tw.
is only 7 mm. at 50°C., so that the gases would,
under these conditions, only contain about 1
p.c. of aqueous vapour. Hence the greater part
of the steam blown in (reckoning that from the
G-lover tower as well) must précipitais as vesicles
of liquid water mist immediately on entering
the chamber.' The gases thus are in contact
with a large surface of floating liquid water par-
ticles ; without begging the question as to what
are the précisé chemical reactions going on,
it is at least obvious that the surface-action of
this liquid water must cause a large part of
the chemical changes to take place thereat,
and that the final resuit must be to eonvert
each water vesicle into one containing dis-
solved sulphuric acid, the action going on until
the acid solution becomes of considérable
strength and attracts moisture to itself from the
vapour in the chamber atmosphère, thus in-
creasing in xveight continually, and finally either
falling to the bottom under the influence of
gravity, or being carried by the air currents
against the walls like fine rain. Obviously, when
' pulverised ' water and not steam is supplied to
the chamber, the chemical action must of neccs-
sity take place on the surface of the wciter par-
ticles. A noteworthy conséquence as regards the
disappearanee of ' available ' oxides of nitrogen
in the chamber, discussed at more length
below (p. 729), results from this supposition that
the chemical changes largely go on at the sur¬
face of the floating vesicles, and necessarily
therefore in the first instance beticeen gases in
contact with pure water or highly dilute acid.

As regards the second point, a theory of the
vitriol chamber process has been put forth by
Lunge (C. J. Trans. 1885, 470 ; also B. 1888, pp.
67 and 3223), which supposes that nitrous anhy¬
dride, N203, andnot nitric oxide, is the main carry-
ing agent, the latter oxide not existing at ail in the
chamber gases excepting in so far as it is formed
in the eariier portion of a sériés of chambers by
a comparatively secondary reaction. Lunge re-

1 Aeeording to Lunge's calculations, at least tliree-
fourtlis of the entering steam is at once condensed to liquid
water particles, even if the diminislied tension through.
contact witli acid be not taken into account.
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gards tlie main cycle action as being, firstly, a
condensation of nitrous anhydride, sulphur di-
oxide, aqueous vapour, and oxygen to form liquid
yesicles of nitrosulphonic acid ; thus
(15) 2S02+N203 + 02 + H20 = 2S02(0H)(N02) ;

and secondly, the reaction on these of liquid water
(or highly dilute sulphnric acid) vesicles (floating
about as a mist in the chamber atmosphère like
the nitrosulphonic acid itself), forming sulphuric
acid and reproducing nitrous anhydride in ac-
cordance with équation (6). Any arrangement
which facilitâtes the coming in contact of the
two kinds of vesicles, so as to react mutually on
one another, consequently renders the produc¬
tion of vitriol more rapid. So far as the first
part of the change is concerned—namely, the
formation of nitrosulphonic acid—Lunge's view
agréés with that ordinarily held ; namely, that
the reaction consists in the mutual combina-
tion or other action on one another of substances
in the gaseous or vaporous condition to form
liquid nitrosulphonic acid vesicles (subse-
quently further acted upon by water vesicles) ;
and differs from the author's view that, although
réaction between gaseous substances may and
no doubt does take place, still the larger part of
the changes are effected on the surface of the
liquid ivater vesicles produced by the condensa¬
tion of steam or supplied as ' pulverised ' water,
thereby graduallv converting these into vesicles
of dilute sulphuric acid.

Besides the leading and fundamental cycle
of reactions above mentioned, Lunge regards
several secondary changes as t.aking place;
thus in the first chamber of a System a reaction
occurs whereby a portion of the nitrosulphonic
acid is denitrated by sulphurous acid, forming
nitric oxide :

(16) 2S02<^q + S02 + 2H20 = 3H,S04 + 2NO.
The nitric oxide thus formed reacts with
oxygen, sulphurous acid, and steam to repro-
duce nitrosulphonic acid :

(17) 2S02 + 2NO + 30 H- H20 = 2S02<^q .
If any nitric acid be présent, either formed in
the chamber or directly introduced into it as
such, it is converted into nitrosulphonic acid :

(18) S02 + N03H = S02<°®.
If any nitrogen tetroxide be formed, it becomes
reduced to nitric oxide with formation of sul¬
phuric acid, in accordance with équation (8).
Home part of the nitrous acid similarly acts
directly on sulphurous acid, becoming reduced to
nitric oxide and forming sulphuric acid, in ac¬
cordance with équation (4).

E. Sorel (Bull. Soc. Ind. Mulhouse, 1889,
240 ; also S. C. I. 1890, 175), in an elaborate
memoir on the manufacture of sulphuric acid,
bas put forth a theory very similar to Lunge's
as regards the nature of the leading actions
taking place— viz. formation of nitrosul¬
phonic acid from nitrous anhydride, sulphur
dioxide, oxygen, and water vapour, and its sub¬
séquent décomposition under the influence of
more water vapour into sulphuric acid and
nitrous anhydride ; he also admits, however,
that various other subsidiary reactions take place,
involving NO and N204, and considers that

the successive oxidations and réductions of the
oxides of nitrogen which détermine the trans¬
formation of sulphurous acid to sulphuric acid
are brought about by variations in the degree of
hydration of the sulphuric acid suspended in the
gases, and that in the apparatus ordinarily used
these variations of hydration are brought about
by changes of température, and are in direct
relation to these ; whence he concludes that
the working of a sulphuric acid apparatus
can be advantageously modified by increasing
artificially and at certain points the concentra¬
tion of the acid in contact with the gases, and
denitrating this acid at opposite points, so as to
bring about an active circulation of the oxides
of nitrogen between the neighbouring zones.

Whichever of these various views as to the
nature of the chemical reactions taking place be
regarded as most probable (about which opinions
still differ considerably, although Lunge's vieivs
are now accepted by many), no doubt whatevercan
be entertained that none of them accounts for the
whole of the chamber phenomena ; more espe-
ciallv for the circumstance that even with the
best designed and most perfectly working System
of nitrous fume recovery, a continuous consomp¬
tion of nitre is indispensable to the working of
the process far exceeding the amount of avail-
able nitrogen oxides lost by defective absorption
in the Gay-Lussac tower, by conversion into in¬
soluble nitric oxide, and by leakage and solution
in the chamber acid. From 3 to 4 parts of nitre
continually consumed per 100 of sulphur burnt
as pyrites is a very usual proportion, although
in some cases smaller amounts (sometimes even
below 2 parts, for a time at any rate) are re-
quired ; of this at least from 1*5 to 2-5 parts
entirely disappear so far as their existence is
concerned in forms capable of taking part in the
cycle of vitriol-forming changes —i.e. they become
converted into nitrous oxide, N20, or even into
free nitrogen. Considérable différence of opinion
lias prevailed as to the actual proportion of
nitre lost in well-conducted works in the form oi
available nitrogen oxides escaping condensation
in the Gay-Lussac tower, partly as NO, partlyas
higher oxides ; thus, figures have been obtained
by Lunge, Davis, Jackson, Mactear, and others
indicating amounts of escape équivalent to from
1 to l'75 parts of nitre per 100 of sulphur bumt
as usual proportions ; whilstHurter,Eschellman,
and others consider -25 to ■5 as more nearly the
amount thus lost on the average with efficient
plant in good working order. From the results
obtained in a variety of works Hurter concludcd
(C. N. 39,170) that the total loss of nitre irom
' mechanical ' sources (i.e. defective absorption of
higher oxides, formation of nitric oxide, leakages,
and solution in chamber acid jointly) doesnot
amount to as much as 25 p.c. of the nitre potted,
at least 75 p.c. being lost by chemical secondât;
changes. E. K. Muspratt states (S. C. I. 1881,
137) that the resuit of experiments made in tcn
différent works by a committee of the Alkali
Makers' Association was that the total loss b;
non-absorption in the Gay-Lussac tower avèraged
close to 20 p.c. of the nitre used, that being 1
parts per 100 of sulphur burnt. Esehellman
found (S. C. I. 1884,134) that out of 2'75 parts
of nitre per 100 of sulphur burnt, 0-33 parts=
12 p.c. was accounted for by the non-absorption io
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the 6ay-Lussac tower of soluble nitrogen oxides,'
and 0'19 part more = 7 p.c. by the formation of
nitric oxide, representing a total of '52 parts =
19 p.c. of loss due to available nitrogen oxides
of ail kinds ; to which -08 parts -= 3 p.e. must be
added as the amount of nitre équivalent to leak-
ages and rétention in the denitrated vitriol ;
thus leaving 2-15 parts = 78 p.e. not accounted
for by ' mechanical ' losses, but destroyed by
sccondary chemieal changes.

As regards the way in which these changes
are brought about, and the part of the plant
in which they mainly take place, very diver¬
gent opinions have been held ; for a long time
the Glover tower was blamed, it being supposed
that the nitrous vitriol run through the tower
was acted upon by the sulphur dioxide of
the burner gases so as largely to reduce the
bigher oxides to N20 ; but this idea has been
practieally exploded, because the bulk of
the denitration in the Glover tower takes
place in the upper portion where the tem¬
pérature is not high enough to enable sulphur
dioxide to exert any marked action of the kind
in the presence of aeid of the strength of that
passing through the tower (about 200°C. being
requisite according to Lunge, or far above the
température of the top of the tower) ; further, just
as good results are obtained when nitric acid is
run through the tower as when it passes into the
chambers by ' cascade,' which could not be the
case if any considérable destruction of nitrogen
oxides took place in the tower ; whilst the quan-
tity of available nitrogen oxides contained in the
gases passing out of the tower can be shown
analytieally to correspond practieally with the
quantity contained in the nitrous vitriol run into
the tower. These facts equally dispose of the
belief held by some that the loss is due to the
reducing reaction of the arsenious oxide con¬
tained in pyrites acid upon the nitrogen oxides
contained in the vitriol sent through the Glover
tower ; moreover, in the manufacture of brim-
stone acid where no arsenic is présent, the same
disappearanee of available nitrogen oxides takes
place. The Gay-Lussac tower has been con-
sidered by others to be the seat of the disappear¬
anee, either by the reaction of arsenious oxide,
the reducing action of the coke packing, or
through some other similar cause ; but this view
again is disproved by the occurrence of the loss
with brimstone àcid, and by the circumstance that
under ordinary conditions practieally ail avail¬
able nitrogen oxides entering the tower can
be analytieally accounted for, either in solu-

1 The following figures were obtained as the results of
the average daily tests for periods of three months in dif¬
férent sets of chambers working at différent rates, the
oxide of nitrogen being calculated as nitre per 100 of
actual nitre employed.

Set of chambers

Cubic
métrés

per kilo of
sulphur
burnt

Nitre per
300 of

sulphur
burnt

Oxygen
in exit
gases

Oxides of
nitrogen

absorbable
by acid

passing ofï
from tower

No. 1. . . 1-34 3-24 6-0 10-7
No. 2. . 1-34 3-24 6-1 32-02
No. 1. . 1-47 2-75 7-0 31-5
No. 2. 1*47 2-75 7-0 32-5

Mean . 13-68

tion in the emerging vitriol, or in the escaping
gases. Hence it results that the disappearanee
of available nitrogen oxides must take place
mainly in tlie chambers themselves, in virtue
of seeondary reactions ; but the précisé way in
which these are brought about has always been
a matter of uncertainty.

It has long been known from the experiments
of Pelouze and Weber, more recently repeated
and amplified by Lunge, that in contact with
water or highly dilute sulphuric acid higher
oxides of nitrogen are slowly acted upon by sul¬
phur dioxide, with the formation of nitrous oxide,
thus

N,04 + 3S02 4- 3H20 = N20 + 3H2S04
N20, + 2SO„ + 2H„0 = N20 + 2H.,S04

2NO + S02 + H20 = NoO + H2S04
but in contact with stronger acid these actions
take place either not at ail, or only extremely
slowly ; so that it does not appear likely that
the conditions ordinarily regarded as obtaining
in the chambers would be such as to enable these
changes to go on to any considérable extent,
except in the immédiate vicinity of the entering
steam, where the aqueous vapour would locally
be in sufficiently large excess. The author's
view of the physical character of the chamber
reactions above alluded to (viz. that the bulk of
the action takes place, not between gases as such,
but betiveen gases in contact with the surface of
liquid water vesicles produced by the conden¬
sation of steam), however, readily acccnnts for
the impossibility of avoiding nitre-destruction
in the chambers, because on that supposition
the reacting gases must of necessity at first find
themselves in presence of a relatively large excess
of water, the vesicles first condensed being prac¬
tieally pure water, and only becoming compara-
tively strong acid after some considérable time,
during which period ail the conditions are présent
requisite for the formation of nitrous oxide by
the reducing action of sulphur dioxide only.
Moreover, the higher nitrogen oxides présent
are perpetually in a quasi-nascent state in virtue
of their carrier action ; so that the reducing
effect of sulphur dioxide would naturally be
more marked than in the case of free nitric
oxide &c. not nascent. In order to effect the
transformation of a large quantity of sulphur
dioxide into vitriol by means of a small quantity
of nitrogen oxide, the cycle of changes (whatever
it may happen to be) must be repeated a large
number of times, as is shown by the following
considérations. If the chief reactions occurring
are those represented by équations (7) and (8),
one atom of sulphur (as dioxide) is eonverted
into sulphuric acid for one of nitrogen eombined
as oxide at each répétition of the cycle ; but with
a nitre consumption of, say, 3'5 parts of sodium
nitrate per 100 of sulphur burnt, the number of
nitrogen atoms relatively to the sulphur atoms
présent in the chamber gases is approximately
only as 1 to 75 ; for 100 parts of sulphur would
correspond with || x 100 = 265-6 parts of nitre,
and = 75 nearly ; so that in this case the

3-5 J
cycle must be repeated some 75 times in order
to convert ail sulphur dioxide into sulphuric acid.
The same resuit follows if Lunge's theory of the
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chamber reactions be adopted. On the other
hand, if the essential changes be supposed to be
those indicated by équations (3) and (4), one
atoni of sulphur (as dioxide) is converted into
sulphuric acid for two of nitrogen présent as
dioxide at each répétition of the cycle ; whence
the cycle must be repeated twice as often, say
150 times, in order to convert ail sulphur dioxide
into sulphuric acid. These figures, 75 and 150
times respeetively, are, of course, subject to
considérable modification—on the one hand,
because the quantity of available nitrogen oxide
is continually decreasing, owing to conversion
into inert bodies ; on the other, because the re-
generative action of the Gay-Lussac tower causes
more nitrogen oxides to be actually présent in
the chambers at any given moment than cor¬
responds with the nitre actually consumed ;1
but the ealculations are sufliciently exact to
show that if it be granted tliat a trace of nitrous
oxide (or possibly of. free nitrogen) is produced
at each répétition of the cycle in virtue of the
reducing action of sulphur dioxide on quasi-
nascent higher oxides of nitrogen in contact with
a surface of liquid wateror dilute sulphuric acid,
the total destruction of higher oxides ultimately
brought about may amount to something very
considérable.

If this view be correct, it should resuit that
if the total surface of water partieles in opération
be increased by blowing in more steam, a more
rapid rate of destruction of available nitrogen
oxides should be brought about. In point of fact,
thisis the case.3 Thus Eschellmann (S. C. 1.1884,
134) found that increasing the amount of steam
admitted to four équivalents, instead of three,
relatively to the acid made, caused an additional
destruction of available nitrogen oxides requiring
an incrément in nitre-consumption to balance it
of 10'5 p.c. (2-75 parts nitre per 100 of sulphur
burnt being the original eonsumption). fclimi-
larly, when chambers are worked without Gay-
Lussac towers and weak vitriol is made in the last
one by blowing in a large amount of steam, a very
large destruction is brought about. In various
observations made by the author the quantity
of available nitrogen oxides thus destroyed
throughout the entire sériés of chambers repre-
sented more than lialf of the nitre consumed ;
i.e. when 10 parts of nitre per 100 of sulphur
burnt were employed, the available oxides of
nitrogen escaping in the exit gases and con-
densed in the total vitriol made never jointly
averaged an amount équivalent to as much as
5 parts of nitre. Again, it is well known that,
on freshly starting a chamber, if water or very
weak acid be used to cover the iloor, a large
destruction of available oxides always takes place
until the bottom acid becomes strong enough to
prevent the reducing action of the sulphur di¬
oxide being facilitated by the large surface of
watery liquid thus exposed.

1 TJsuaUy from 10 to 20 parts of nitre in circulation
per 100 of sulphur burnt, as compared with 2 or 3 actually
destroyed; with 'forced working' (p. 737) still larger
amounts of active nitrogen oxides are in circulation.

- This resuit is not incompatible with the more rapid
rate of formation of liquid vitriol by transformation of
sulphur dioxide, effected by inçreasing the steam supply
under suitable conditions (v. p. 734) ; norwitli theaccele-
rating effect of the 'plate column,' due to the increased
amount of contact between the gases and films of watery
fluid thereby brought about (p. 748).

Apparatus for supplying nitrogen oxicles.
In the early days of vitriol-making, saltpetre—
i.e. potassium nitrate—was the only sait prac-
tically available ; but this has so long been super-
seded by the clieaper ' Chili saltpetre ' or ' soda
nitre ' (approximately pure sodium nitrate ') that
the term nitre in the vitriol trade is practically
always understood as referring to the latter.
Erom this as prime source four distinct methods
of impregnating burner gases with nitrous fumes
are, or have been, employed—one consisting in
distilling off nitric acid therefrom by the action
of sulphuric acid in separate retorts (v. Nitkic
acid), and then bringing the liquid acid in thin
films (produced by trickling over earthenware
' cascades,' &c.) in contact with the hot burner
gases, whereby nitrogen oxides are rapidly pro¬
duced in virtue of the réactions above-men-
tioned ; or introducing it into the Glover tower
alongwi'th the nitrous vitriol ; the second in efïeet-
ing the same resuit by evolving the nitric acid
in the state of vapour, in moderately small quan¬
tifies at a time, by introducing into the hot
burner flue pots eontaining a few pounds of nitre
mixed with sulphuric acid, so that the nitric acid
vapours are acted upon as above whilst almost
nascent ; the third in oxidising molasses or
metals and such-like substances with separately
prepared nitric acid, leading off the fumes of
oxides of nitrogen to the chambers, and utilising
the resulting oxalic acid &c. for sale ; and the
fourth in continuously introducing the nitre
dissolved in water (and sometimes acidulated
with sulphuric acid) eitlier into the chamber
in the form of spray, or into the Glover tower.
Of these, the first and second plans are still
widely adopted ; the third has practically fallen
into disuse, although still employed o'ccasionally
on a small scale to utilise waste nitrous fumes
arising from other processes involving oxidation
by nitric acid ; and the fourth is seldom or never
used now, partly because the acid so produced
necessarily contains sodium sulphate (not an
important impurity for some purposes—e.g. the
Leblanc alkali process and the manufacture of
saltcake) ; but chiefly because extra wear is
usually occasioned when the liquid is injected
into the chambers, whilst stoppage from crys-
tallisation of solid sodium sulphate is apt to
occur when it is used in the Glover tower.

The use of liquid nitric acid separately pre¬
pared has the advantage of enabling a more
equable and steady development of nitrous fumes
to be produced than is practicable by the use of
1 nitre-pots,' whilst it also avoids the admission
of air into the fiues, which unavoidably takes
place during. discharging and re-eharging the
pots ; further, should, for any reason, an extra
supply of nitrous fumes be temporarilv requisite,
this can be instantly procured by increasing the
rate of flow of the acid. On the other liand,

1 The average composition of nitrate of soda as used for
vitriol makiug may be taken to be :

Sodium ehloride 0-5
Sodium sulphate .... 0'75
Moisture t75

Total * refraction ' (impurities) . . . 4-00
Nitrate of soda (by différence) . . . 96-00

100-00
When the ehloride présent exceeds 1 p.c., the substance is
apt to cause a considérable amount of loss of nitrogen oxides
in the chambers.
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it involves extra cost in distilling off the acid,
and more outlay for labour, carboys, and appli-
ances for supplying the acid to the gases ; and, in
case of accidents, it is liable to cause corrosion
of the ehambers when not introduced through a
Glover tower. Some rnakers also are under the
impression that rather more nitre is requisite
when used in this way than when employed in
pots ; although others find that this is not the
case. Opinions differ accordingly as to the rela¬
tive advantages of the two processes, many Con¬
tinental manufacturers considering that the ad¬
vantages of the liquid acid method preponderate,
whilst the majority of British vitriol-makers are
of the opposite opinion, especially when the modi¬
fication of the potting proeess described below is
used, which obviâtes several of the chief objec¬
tions to that proeess in its simplest form.

When the liquid acid method is employed,
the acid is usually brought into contact with the
gases, not in the fiue leading to the ehambers,
but in the chamber itself (usually a smaller
preparatory one), being made to run inter-
mittently or regularly in a stream over some
distributing arrangement exposing a large sur¬
face ; such as a tall pyramid of dishes and
cylinders, a sériés of shorter pyramids, a set of
large flat dishes or trays at différent levels, each
overflowing into the next, or an earthenware
cascade and dish combination. In this way the
volatilisation of the whole of the acid is effeeted
before it reaches the lowest dish &c., to which,
however, it is well to aftix an overfiow pipe
outside the chamber to prevent corrosion in case
of an unduly large supply of acid causing running
over. When an intermittent supply is used it is
conveniently obtained by the well-known ' tum-
bling box,' fed regularly by a Mariotte's bottle, so
as to obtain a constant rate of delivery as. long as
the acid level in the bottle does not fall below the
line eorresponding with the lower extremity of the
air-pipe ; or a miniature flushing tank may be
used instead of a tumbling box. Another method
of introducing the acid into the ehambers consists
of ' pulverising ' it by a spray jet, analogous to
that used for water-supply by Sprengel (p. 733).
Yarious forms of apparatus for this purpose
have been constructed. A much simpler method,
however, is to feed the acid in along with
the nitrous vitriol and chamber acid at the top
of the Glover tower, whereby ail danger of
corrosion through overflowing &c. is avoided
without introducing any eorresponding incon-
venience ; for although at one time it was
thought that this mode of supply was likely to
cause loss through too great décomposition by
overheating, nitrous oxide or nitrogen being sup-
posed in that case to be formed, experience has
not borne out this idea, no increase in the con-

sumption of nitre requisite having been noticed
in various cases when this method of supply
was substituted for the cascade System (Lunge).

The nitre-pot System, when applied to brim-
stone burners of the simplest kind (p. 23), is
carried into êffeet by placing a cast iron'pot,'
holding the mixture of nitre and sulphuric acid,
on the floor of the hurner so as to become heated
by the burning sulphur. Should the contents of
the pot froth over, as often happens, sulphur is
thus .wasted and damage done. Preferably, there-
fore, the pot is not placed actually in contact

with the burning brimstone, but beyond it, so as
to be heated by the flame and current of hot
gases as in Blair's burner (p. 723). In this posi¬
tion, however, it may happen with small-sized
burners that the heat is not suffleient to work
off the pot in the proper time. When nitre pots
are similarly used with pyrites burners, if so
situated that. boilings over can run into the
burner, fritting together of the lumps is likely
to ensue ; wherefore, it is usual to place ail the
pots together in a ' nitre oven ' (i.e. an enlarge-
ment of the flue, with a door in front for intro¬
ducing and withdrawing the pots by means of a
stout fork), situated'just beyond the last kiln in
the range so as to be as much heated as possible.
To prevent damage to brickwork, a cast-iron
tray is generally provided at the bottom of the
oven to catch boilings over. In order to keep
up as equable a supply of nitrous vapours as pos¬
sible, the pots are not ail eharged and discharged
at once, but alternately in batches at regular
intervais, so that some are fresh and evolve acid
vapours freely, whilst others are partly worked
off, and others approaching exhaustion ; or,
better still, two or more separate ovens are used,
the contents of which are thus alternately re-
charged.

W. Crowder finds that the fréquent breakages
oceurring from the sudden chilling of hot nitre-
pots on introducing a fresh charge are best
avoided by fixing the pots outside the flue, heating
them with a small coke fire, and not by the burner
gases (S. C. I. 1891, 295). Moreover, the heat
can be much more exactly regulated in this
way.

Owing to the large volume of air which ne-
cessarily enters the flues when the oven doors
are opened, and the sinfultaneous loss of gases
by passage outwards, an arrangement has latterly
corne into use whereby this opening of the doors
is avoided. The pot is provided with a tubular
spout at one end, which is plugged up when in
use, and projects outwards from the oven. When
the charge is spent the fused ' nitre-cake ' (acid
sodium sulphate — often designated ' Sally Nixon,'
i.e. sal enixum) is withdrawn by taking out the
plug, when the liquid mass runs out into a suit-
able receptacle. The plug is then replaced, and
a fresh charge passed into the pot by means of a
small hopper or funnel in the top of the oven,
the nitre being first introduced, and then the
sulphuric acid, after which the hopper is plugged
up gas-tight. As with this arrangement the pot
does not require to be Iifted out by means of a
fork for discharging, it can be made muchbigger
so as to hold a larger charge. Thus, whilst from
7 to 14 lbs. of nitre at a time are usually worked
off in the ordinary movable pots, | cwt. charges
can be used in the stationary pot. To equalise
the évolution of nitrous fumes, two or more

stationary pots, eharged alternately at equal
intervais of time, are worked together.

6. Supply of aqueous vapour. When no

Gay-Lussae and Glover towers are used, ail the
water ultimately transformed into chamber acid
must be supplied in the form of steam, the small
amount of aqueous vapour présent in the air
used for combustion being at least balanced by
that carried off in the spent gases. In this case,
assuming the chamber acid to have an average
strength of 120°Tw. (representing the composi-
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tion G8-7 p.c. H,S04, and 31*3 p.o. additional 1
32

water), it is obvious that ^ x 68-7 = 22-4 parts
18of sulpliurare présent relativelyto^ x 68-7 + 31-3

= 43-9 parts of water, including that combined
as sulphurie acid ; i.e. the total steam to be ad-

43*9mitted must be = 1-96 times, or almost
22-4

exactly double the sulphur burnt. If, however,
both Gav-Lussac and Glover towers be used, and
ail the acid made be passed through the latter,
supposing the resulting evaporated acid to have
an average strength of 145"Tw. (corresponding
with 79'25 p.c. H2S04 and 20-75 p.c. additional
water), much less steam will obviously be re-
quired ; neglecting the aqueous vapour contained
in the air (that earried out by the spent gases
being only inconsiderable, the Gay-Lussac tower
drying them pretty thoroughly), the acid con-

32
tains now — x 79-25 = 25-9 parts of sulphur

relatively to x 79-25 + 20-75 = 35-3 parts of
water; whence the steam requisite will be
'^5-? = 1-44 times the sulphur burnt. Analogous
25-9
calculations apply in the case of other degrees of
concentration; as the above strengths are not
far removed from the usual working averages,
it may fairly be inferred that when Glover
towers are used, the steam required will not be
far from 1| times the sulphur burnt ; and when
they are not used, close to double the sulphur
burnt, or more if the acid has a low average
strength. A somewhat'larger amount of boiler
evaporation will, however, be required, as a not
inconsiderable amount of the steam unavoid-
ably condenses in the supply pipes ; these should,
of course, be swathed as much as possible with
non-conducting coatings to diminish condensa¬
tion.

Some considérable tirne ago it was not un-
usual te mount boilers for supplying steam over
the burners so as to utilise the heat of combus¬
tion ol the pyrites ; but various difficulties in the
way of obtaining sufficient heat and uniformity
of pressure have caused this to be generally
given up in favour of separately fixed boilers burn-
ing coal, the heat from the pyrites burners
being preferably utilised in the Glover tower, or
by heating lead pans for the evaporation of clianr-
ber acid. Steam of high pressure is in ne way
necessary to carry a jetwell through a chamber,
one atmosphère of excess pressure being usually
quite sufficient to traverse the whole length,
unless when of very exaggerated dimensions ;
but the bigher température of high pressure
steam diminishes the inconvenience of conden¬
sation in the steam mains, and in winter helps
to overcome the chilling effect of an excessively
cold external atmosphère ; so that whilst in
Britain 1 to I5 atmosphères pressure is a usual
working limit, in France 2 to 3 atmosphères is
employed with good results in cold weather
(Lunge and Naville). Fig. 4 represents a steam
jet, the tube cc passinginto the chamber through
the wall ee by a stuffing-box dd, b being the
regulating cock, a the connection with the steam

main, and i- g a mercurial gauge affixed by
means of the T joint h so as to indieate the
pressure of the entering steam. Uniformity of
pressure to insure uniformity of steam supply is
practically of much more importance than the
absolute value of boiler pressure ; to insure this,
automatic regulators ave employed in some
works, the effect of which is to give a uniform
pressure in the steam main, no matter what
may be the boiler pressure, provided the latter
does not fall below a particular limit. Usually,

il

Fia. 4.

several boilers are worked together into the same
main so that variations of pressure in one makc
eomparatively little différence in the total supply.
Sometimes an automatic diagraminatie pencilling
arrangement is employed, giving a tracing indi-
cating at a glance any variations in pressure
that have taken place.

Practice differs considerably in différent
countries and amongst différent manufacturers
as to the method adopted for the introduction of
steam so as to mix uniformly with the burner
gases. Only a fraction of the steam admitted
remains permanently in the vaporous state,
the majority condensing instantly to vesicles of
mist, which float about in the gases (p. 727) ; as
above stated,the reaction between the gasespro-
bably mainly takes place on the surface of
these liquid water vesicles, gradually convert-
ing them inte vesicles of more or less dilate
sulphurie acid. In some works a number of
différent jets are preferred, playing into the same
chamber, either downwards through the roof,
or sideways through the walls, at equidis-
tant intervais ; in others, one only is intro-
duced, either close to the orifice of the tube
through which the burner gases enter, orconcen-
trieally within it, so that the aspirating action
of the steam jet aids the draught—this form is
especially in favour in Great Britain. Jets pass-
ing upwards through the fioor have been em¬
ployed, but are open to grave objections, as sooner
01 later a leak, difficult of access, is inevitably
produced in the base 01- ' saucer ' of the chamber.
Jets introduced at the far end in opposition to
the général direction in which the gases flow are
sometimes employed, but, of course, tend rather
to impede the draught.

In 1873 Sprengel patented the employment
of ' pulverised ' water—i.e. water reduced to a
mist-like spray by blowing a jet of steam at
about two atmosphères pressure through the
inner of two concentric tubes (fig. 5), through
the larger outer annulus of which the water is
made to flow from a tank gt a higher élévation;
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With a properly proportioned compound jet 4
parts by weight of water can be converted into
line spray by 1 of steam ; but with incorrect pro¬
portions larger drops are apt to be formed which
do not remain suspended long enough to produce
the proper effect, and consequently fall and dilute
the acid at the bottom. The spray does not
carry as far as a steam jet, wherefore in a large
chamber several jets are requisite plaeed in the
sides about 40 feet apavt. The advantages
claimed for the use of spray instead of steam are
that not only is fuel saved, less actual steam
being required, but also that the mean tempéra¬
ture of the chamber is lowered, so that it holds a

greater weight of gases, which is virtually the
same thing as an incrément in dimensions with-
out additional cost. The disadvantages were tlius
summed up, by G. Lunge (Manufacture of Sul-
phuric Acid and Alkali, lst edit. vol. i. p. 327) :
' The spray jet contributes next to nothing to
the draught, and very little to the mixing of the
gases, as the steam jets mix them; and the
cooling of the chamber is easily carried too far
below the température of 54°C. or even 40°C.
(the minimum), usually assumed as the most
iavourable for the process. Nor can it be as¬
sumed that a large chamber can in this way be

Fia. 5.

so uniformly supplied with moisture as by a
steam jet ; and only in the first and hottest part
of the jet might the spray jet be employed with
some advantage. In order to feed a chamber by
spray jets it would have to receive a number of
apparatus ; and the complication of work caused
thereby, as well as the other drawbacks men-
tioned above, will not be counterbalanced by the
saving of coals, which will hardly be very con¬
sidérable. In faet, it does not appear that
Sprengel's apparatus has made mueh way
amongst alkali works.' On the other hand,
Lunge has stated that pulverised water (produeed
by the mechanical action of a fine stream issuing
under a pressure of 2 atmosphères from a
platinum nozzle on to a platinum button) has
been successfully applied at Griesheim, where
fuel is dear, the saving of fuel more than com-
pensating for any inconveniences, more espe-
cially in this case for the cost of filtration, which
is indispensable to avoid blocking up of the fine
jets used. Two rows of water jets are introduced
through tubes in the chamber tops, each tube
about 20 feet apart from the others. Thus the
whole chamber is uniformly filled with a fine
mist, which, together with the steam coming from
the Glover tower, supplies ail the water required
for the chamber process. Later experiments by
Lunge and Naef (Chem. Industrie, 1884, 5) have
led them to believe that the cooling effect of

Sprengel spray jets is but small as compared with
the heat developed by the chemical processes,
and with the effect of variations in the tempéra¬
ture of the external atmosphère. Thus the same
set of chambers, furnished with a number of
thermometers at différent points, gave read-
ings on two days (on which the external air was
at 12° and 24° respectively, steam being used
on the first day and spray on the second) indi-
cating that whilst the différence between the
external air and each point was somewhat less
on the second day than on the first, yet the
absolute températures at each point were higher
on the second day, the cooling effect of the spray
jet being more than compensated for by the
higher atmospherie température retarding cool¬
ing by convection and radiation. Again, the
gases from the Glover tower at Griesheim, having
a température of about 35°C., are quickly raised
in the first chamber to 50° by the chemical
action, notwithstanding that no steam is intro¬
duced. At Freiberg, burner gases are often
cooled to 0° in winter to condense arsenic ; but
on entering the chamber the température soon
rises to upwards of 50°.

A later patent has been taken out by Sprengel
(10,798, Aug. 1886) for utilising exhaust steam
from engines for vitriol-making, the boilers being
worked at about 10 lb. pressure more than would
otherwise be necessary, and the engine being so
arranged that the exhaust steam leaves it at a
pressure of about 10 lbs., sufficient to work the
chamber-jets.

7. Chambers : conditions regulating dimen¬
sions. The processes going on in the chambers
are, as above stated, of such a character that a
variety of views are current amongst différent
chemists as regards their actual nature and the
exact chemical reactions taking place. The end
resuit, however, so far as the conversion of sul-
phur dioxide, oxygen, and steam into vitriol iscon-
cerned, is one admitting not only .of no misin-
terpretation, but of the application thereto of
mathematical calculation with a considérable
degree of concordance between the calculated
results and those observed in practiee whenever
sufficiently précisé data are available. Thus
Hurter has applied (Dynamic Theory of the
Manufacture of Sulphuric Acid, S. C. I. 1882,
8, 49, 83) the ordinary dynamical theory of
gases to the problem, and arrived at conclusions
sensibly according with those arrived at by prac-
tical experience as regards the following points :

(1) The work done by a given set of cham¬
bers dépends upon the quantity of nitre used 1
and the strength of the vitriol made.

(2) The work of the successive chambers of
a sériés decreases nearly in géométrie progres¬
sion, and in conséquence the heat development
due to chemical action and therefore the exeess

of température of the chambers above their sur-
roundings decrease similarly ; whilst the tem¬
pérature attained in the first chamber relatively
to the others dépends on the relation between
its capacity and that of the whole set.

(3) For a given rate of nitre consumption,
and a given mean strength of vitriol made, there
is one particular composition of gases whicli

1 More exactly, npon the quantity of oxides of nitrogen
présent in the chamber, the cumulative effecb of the Gay-
Lussac tower leading to the presence of rnuch larger quan¬
tifies than those simply corresponding with the nitre used.
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will require the minimum total chamber space
to cause the conversion of a given fraction of
the sulphur dioxide into sulphuric acid.

As regards the first point, the effect of varia¬
tion in the quantity of available oxides of nitro-
gen is uniformly to cause a larger production of
vitriol in a given space the larger the propor¬
tion of such oxides is présent relatively to the

, sulphur dioxide ; so that either more sulphur can
be burnt in a given time, or a larger fraction
of the sulphur dioxide used is converted into
vitriol. The more water mist is présent (i.e.
the larger the amount of surface of water par-
ticles suspended in the gases) the greater is
the amount of action going on in contact with
this surface in a given amount of chamber-
space in a given time, cœteris paribus ; whilst the
resulting vitriol is the more dilute, at least
within certain limits.

As regards the second point, if it be supposed
that the gases successively traverse equal
amounts of space in passing through the cham-
bers V„ V2, V3 then the amounts of conver¬
sion of sulphur dioxide in these respective
spaces will form a sériés of values in géométrie
progression, i.e. in each space the same fraction
of the entering gas is converted before passing
into the next space ; so that with a sériés of
1 equal chambers, for example, if if of the sulphur
dioxide entering the first chamber were thus con¬
verted into vitriol, and ^ eonsequently passed on
into the next one, •§ of the amount = § of the
original quantity would be converted into vitriol
in this second chamber, leaviDg J of the original
quantity to enter the third chamber, in which §
of this entering amount would again be con¬
verted, leaving Jy of the original amount to
enter the fourth chamber, and finally 5\ of the
original amount to escape at the far end ; thus

First Second Third Fourth
chamber chamber chamber chamber

Converted . § g îï

Escaping un- ") x 4 , j_
changed . / 3 8 27 81

Similarly, if the first of a sériés of 3 chambers
caused the conversion of f of sulphur dioxide
into vitriol, the amounts escaping unchanged
would be respectively y from the first chamber,
i from the second, and 5lj from the third.1

The third point above mentioned may be
differently stated, viz. thàt for a given rate of
production of sulphur dioxide, mixed with oxy.
gen and nitrogen so as to produce a burner gas
of a given average composition, there is a mini¬
mum amount of chamber space requisite (under
given conditions as regards nitre consumption
relatively to the sulphur burnt and strength of
vitriol made) to effect the conversion of a given
fraction of the sulphur dioxide employed into
sulphuric acid, i.e. to reduee the loss by defec-
tive conversion to a given limit. The détermina¬
tion of the minimum amount is fixed by the
following considérations. In the first place, let
it be supposed that the entire chemical change
taking place in the burners (using pyrites) is
expressed by the réaction

4FeS2+1102 = 2Fe203 + 8S02 ;
i.e. let the formation of sulphur trioxide be
ignored, as also the rétention of oxygen in the
cinder as sulphates, and the imperfect peroxida-
tion of iron (these suppositions make little
différence in the end resuit, as is shown below).
Hence, of the oxygen in the air used to burn
the pyrites, part escapes unchanged in the exit
gases, and of the balance y-- is used to convert
sulphur into S02, to oxidise Fe into Fe,0„
and ^ for the conversion of SO., into sulphuric
acid. Now, let the volume percentage of oxygen
in air = a, and that of nitrogen = 100 — a, and let
that of oxygen in the exit gases=x, and that of
nitrogen = 100 - x, assuming that these gases are
made up of nitrogen and oxygen only (i.e. that
ail sulphur dioxide is converted into vitriol).
Then the volume of oxygen contained in 100
vols, of air is used up as follows, since sulphur
dioxide oeeupies the same volume as the oxygen
contained therein.

In the exit gases

Conversion of sulphur into S02

Conversion of S02 into vitriol

Oxidation of iron in pyrites

Total .. . . .

x

100-x (100-a)

15
(a-~— (100 —a)], = - x 100 xl 100—œ ' J 15 100-œ

= A x 100 x - —-

15 100-«

3 i ao ci—'X
-—- x 100 x ———

15 100-«

The value of a may be taken as 20-9, so that the percentage of nitrogen in air is 100 —œ = 79-l; if
x be taken =7, the composition of the burner gas will be as follows :

Nitrogen
Sulphur dioxide

8 1fl„ 20-9-7
— x 100 x - —

15 100-7

Oxygen in exit gases ....

Oxygen used to couvert S02 into vitriol

Oxygen used to oxidise iron (not contained in the gases)

(100-20-9) = 5-95100-7

Axl00x?0^7
15 100-7

= 3-99

97-01

In 100 volumes
81-54

8-22

10-24

0

100-00
1 The experiments of Lunge and Naef, since confirmed by other observers, tend to show that in actual practice the

proportion of vitriol formed in successive portions of chamber space is only approximately in accordance with that
thus theoretically deduced (y. p. 747 et seq.)+

IRIS - LILLIAD - Université Lille 1



SULPHURIC ACID. 735

In similar fashion the following compositions of burner gas are calculated for other values of x.

— ar=4 *=5 »=6 *=7 »=8 »=9 *=10

Nitrogen
Sulphur dioxide
Oxygen .

81-99
9-73
8-28

81-84
9-24
8-92

81-69
8-73
9-58

81-54
8-22

10-24

81-38
7-70

10-92

81-22
7-17

11-61

81-06
6-62

12-32

100-00 100-00 100-00 100-00 100-00 100-00 100-00

When brimstone is burnt no oxygen is used up in the oxidation of iron, so that of the oxygen
not eontained in the exit is employed to convert sulphur into S02, and 5 to oonvert SO, into
vitriol. Henee the oxygen in 100 vols, of air, containing 20-9 vols, of oxygen, is employed as
follows :

In the exit gases . —-— x 79*1.
100-»

2 cc 2 20*9 35
Conversion of S into S02.... = -g(20-9 — 10Q_a; x 79-1) = -^ x 100 x 1Qq

Conversion of S 02 into vitriol =■-- x 100 x ^0 9 —»
3 100-®

Whence the following compositions resuit for différent values of x :

— *=4 *=5 *=G *=7 H II ca H II o *=10

Nitrogen
Sulphur dioxide
Oxygen .

79-10
11-73

9-17

79-10
11-16

9-74

79-10
10-57
10-33

79-10
9-97

10-93

79-10
9-35

11-55

79-10
8-72

12-18

79-10
8-07

12-83

100-00 100-00 100-00 100-00 100-00 100-00 100-00

Here, for a given percentage of oxygen in the
exit, the burner gases are some 20 p.c. richer
in sulphur dioxide than the corresponding gases
from pyrites.

When sulphuretted hydrogen is burnt, oxygen
is used up in the conversion of the hydrogen of
the gas into water ; so that, of the oxygen not
eontained in the exit, £ is employed to convert
sulphur into SO,, J to convert SO, into vitriol,
and ^ to burn H, to H„0. If, however, the
sulphuretted hydrogen is not pure, but contains
a large admixture of incombustible gas (nitro-
gen and a little carbon dioxide, as in Chance's
process) the exit gases will contain this nitrogen
&c. as well as that derived from the air. For a

given percentage, x, of oxygen in the exit, let m
volumes of sulphuretted hydrogen be used per
100 of air, containing « p.c. of BL.S and 100—n
p.c. of nitrogen ; then the total nitrogen in the
exit will be 79-1 + —TO- Hence the oxygen in

theexitperlOOof airis —-—(79'1 + —-m).
100 — ® 100

Writing this =g for shortness, the rest of the
oxygen is thus employed :

Burning S to S02 = -|(20-9 — g)
Converting SO, to vitriol = | (20-9 — g)
Burning H2 to ~H„0 = (20-9 — g)

Since sulphuretted hydrogen yields its own
volume of sulphur dioxide on combustion,
which again occupies the same space as the
oxygen eontained therein, it results that

= 1(20-9-3)

from which the values of m and g are readily
calculable for any given values of x and n. Foi-
instance, if œ = 6 and n-33-33, m = 22-35 and
3 = 6, and the oxygen is thus employed, the
steam produced being left out of the calculation
of composition of burner gases.

—
From 100

of air

From 22-35 of
sulphuretted
hydrogen and

nitrogen

Total

In burner gases
negïecfcing steam

In 100 volumes

Nitrogen
Oxygen for burning S to SO,

„ „ H2 to H,0
„ „ converting SO,to vitriol
„ in exit gases .

Sulphuretted hydrogen .

79-10
7-45
3-725
3-725
6-00

14-90

7-45

94-00
7-45

j- 9-725

84-55
6-70

8-75

100-00 22-35 111-175 100-00

Obviously, the greater the value of x the poorer | whilst the greater the value of 11 the richer will
in sulphur dioxide will the burner gases be ; | they be. Even when n = 100 (pure sulphuretted
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hydrogen), however, the gases are less rieh than
when pyrites is burnt, and, a fortioi'i, poorer
than when brimstone is burnt ; thus when x = G,
the percentages of S02 in the gases are 8-26,
8-73, and 10-57 in the three cases respeetively.
The following diagram (drawn by Crowther and
Cleminshaw, S. C. I. 1888, 172, fig. 6) illustrâtes
the variation in richness of burner gases in S02
as n varies, x being = 6 throughout.

jiof S0, Ln.6urrver Ga.ita u/otA. cLtfferznt f>ercenta.gts of Hj S
(ey.oJ 0 on CAambtr exil)

s /o /s to es jo js *o us so ss eo 6S 70 js so SJ 90 fi m

7o~îr^o~yrTô~zryô~yr~6o~6rjo/j»7~Bsss~9s
A of S in Gases ôu-rnl

PlG. 6.

The percentage of sulphur dioxide in burner
gases from any given source being thus known,

the volume of chamber gases containing 1 grm.
of sulphur is readily calculable ; for this purpose
it may be assumed that the mean température
in the chambers is 50°C., and the mean pressure
the ordinary atmospheric one of 760 mm. 32
grms. of sulphur furnish on burning to SO,
22-4 litres of that gas at 0° and 760° mm.,
wherefore 1 grm. furnishes 0-7 litre. Hence 1
litre of burner gases at 0° and 760 mm. con¬
taining y p.c. of S02 by volume will eontain

^ ~ tL, 8rms- sulphur, or 1 grm. of100 x 0-7 70
70

sulphur will be contained in — litres of gas. At

50° this will become —

y

70
„ 273 + 50

273
litres mea-

become ™ + 273 + 50

sured dry, and when further increased in volume
by saturation with aqueous vapour (the tension
of which at 50° is 92 mm.1) the volume will

760 94*28...

y 273 760-92 y
94-23The following table gives the values of

V
for various percentages of sulphur dioxide in
burner gases from pyrites and brimstone burners.
Similar figures for more or less impure sulphu-
retted hydrogen are readily calculable when the
values of y are calculated as above described.

Value of y .

4-2

Y
Value of in litres

Value of y .

Value of in litres
y

9-73

9-68

11-73

> 8-03

x=5 #=6

Pyrites burnt.
9-24

10-20

8-73

10-79

Brimstone burnt.
11-16 10-57

8-44 8-91

x=7 ,v=8 a:=9

8-22 7-70 7-17

11-46 12-24 13-14

9-97 9-35 8-72

9-45 10-08 10-81

8-07

11-68

It is évident that in ail cases, whether pyrites,
brimstone, or sulphuretted hydrogen be burnt,
the bulk of gas containing 1 grm. of sulphur
continually increases with the amount of oxygen
contained in the exit gases, i.e. with the quantity
of additional air mixed with the sulphur dioxide
oxygen requisite to form vitriol; and that if
this additional air exerted no action other than
diluting the active gases, the more concentrated
these were (i.e. the smaller the value of x)
the less space would be requisite to hold the
gases containing a given constant amount of
sulphur. But in point of fact, this additional
air, when not présent in too large a proportion,
facilitâtes the carrying action of the oxides of
nitrogen, so that, in virtue of this help, the con¬
version of sulphur dioxide into vitriol goes on
more rapidly the more air is présent ; i.e., so
that the gases may be fed into a given chamber-
space the more rapidly the greater the value of x
without diminishing the yield of vitriol by
bringing about a greater proportionate incom¬
plète conversion of sulphur dioxide. Within
certain limits the incrément in rapidity of feed
thus rendered possible with increasing values of
x increases more rapidly than does the value of

^ ^, the volume of gas containing 1 grm. of
V

, , \
sulphur ; in conséquence of which the larger isi
thelarger is the amount of vitriol that canbemade
in the chamber-space. Obviously, however, there
must be some point where the increased activity
due to excess of oxygen no longer exceeds the
diminishing effect of dilution, and beyond which
further addition of excess of air must diminish
instead of increasing the rate of formation of
vitriol, so that the rate of feed must be again
slackened to admit of the gases remaining in
the chamber a longer time so as to effect the
conversion of the same fraction of sulphnr
dioxide as before. In other words, there is some

particular value of x in any given case which
will enable a maximum rate of feed to be prac-
ticable, consistent with a given amount of con¬
version taking place ; or, what is the same
thing, there is a particular value of x coite-
sponding with a minimum amount of chamber-
space in which the conversion of a given quan-

1 As the gases in the chamber are in practice filled with
vesicles of dilute sulphuric aeid, the tension of aqueous
vapour under these circumstances is materially less tbau
92 mm. (y. p. 710 and 727).
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tity of sulphur dioxide into vitriol oan be effected
without increasing the loss by déficient conver¬
sion.

The maximum rate of feed thus permissible
in a given chamber-space, or the minimum
amount of chamber-space requisite for a given
amount of production, is necessarily variable
\vith circumstances. Obviously it is largely
regulated by the proportionate amount of loss
due to defective conversion that is allowed in
any given case ; the greater the amount per¬
missible cœteris paribus the more rapid may be
the feed, or the smaller may be the chamber-
space. It varies more or less according as
brimstone, pool- pyrites, or rich pyrites is burnt,
and according to the proportion of nitre
used and the strength of vitriol made, and is
inlluenced by the considération as to wliether
Gay-Lussac and Glover towers are used or not.
When rich ores, such as Spanish pyrites, are
burnt, the général experience of manufacturera
leads to the déduction that even under the most
favourable circumstances possible—namely, with
Gay-Lussac and Glover towers in thorough work-
ing order, and chambers and plant generally of
best-proportioned character and in the most
efficient state of repair—the daily gas supply
must not exceed 10, or at most, 11 times the
quantity requisite to refill the chambers when
the nitre consumption is nearly at a maximum
(about 8 to 4 parts per 100 of sulphur burnt),
and the average loss by déficient conversion
of sulphur dioxide into vitriol does not exceed
1 or 2 p.c. ; whilst with a smaller nitre con¬
sumption, 2-5 to 3 parts per 100 of sul¬
phur burnt, about 9 times is more nearly the
practical limit1 ; when Gay-Lussac and Glover
towers are not used, with a nitre consumption
of 10 parts per 100 of sulphur burnt, and a loss
bydefieientconversionof sulphur dioxideof, say,

5 p.c., the number of times that the chamber-
space can be refilled daily cannot exceed 7 or 8;
and with a somewhat smaller nitre consumption,
9 parts per 100 of sulphur, 6 to 7 times : provided
in ail cases that the percentage of oxygen in the
exit gases, x, is maintained practically constant
at the particular value corresponding with the
minimum amount of chamber-space allowable.
The value of x whieh is to be thus maintained
is somewhat differently estimated by différent
authorities ; thus Vogt considère that it should
not exceed 3 or 4 ; Schwartzenberg, Bode, and
Scheurer-Kestner have assigned values varying
between 6 and 0-4 ; Lunge regards 6-4 as ' very
suitable for practical work ' ; Hurter assumes
6'66 in some of his calculations, but deduces
higher values, 0-78 to 10'0, from theoretical con¬
sidérations,2 whilst 7 to 7'5 p.c. is allowed by
Mactear for chambers in good repair, as much
as 11 p.c. being found with old leaky chambers.
On the whole, 6-5 may be taken as a value suffi-
ciently near the truth for ail practical purposes ;
with these figures it results from the table given
above that the volume of moist chamber-gases at
50°, containing 1 grm. of sulphur, is 11T3 litres.
If then this space is refilled n times in 24
hours, it follows that the minimum chamber-
space in which 1 grm. of sulphur burnt daily is
capable of being converted into vitriol, with the
particular plant, nitre consumption, and loss by
defective conversion allowed in the différent cases

11*18
just mentioned, must be litres ; or, what

n

is the same thing, ii-i? cubic métrés per kilo
n

11*13
of sulphur burnt per 24 hours, or ——- x 16
cubic feet per 1 lb. of sulphur burnt per 24
hours.3

—

Extrême limits under
most favourable condi¬

tions possible, and nitre-
consumption of from 3 to
4 parts per 100 of sulphur

burnt daily

Gay-Lussac towers used
with smaller nitre

consumption, 2*5 to 3
parts per 100 of sulphur

Gay-Lussac towers not
used ; nitre con¬

sumption =9 to 10 parts
per 100 of sulphur

Value of n

11*13
- cubic métrés per kilo

n of sulphur burnt daily
211^, x 16 = cubic feet per lb.

n of sulphur burnt daily

11

| 1-01

| 16'2

9

1-24

19-8

8

1-39

22-2

7

1*59

25*4

6

1*85

29*7

' In some Trench works a system has been introduced
('production intense'=forced working) whereby nitre re-
covery plant is employed of much larger dimensions than
usual. A greatly increased quantity of nitre is used at
first, so as to permit of the accumulation in the chambers
of an abnormally large proportion of nitrous fumes rela-
tively to the sulphur dioxide présent, these fumes not being
lost, owing to the increased dimensions of the Gay-Lussac
towers &c. TJnder such conditions, the rate of gas supply
may be largely increased, from 9 or 10 up to something

like 15 or 16 times the quantity contained by the chambers
per 24 hours (v. p. 741).

2 With Spanish ore yielding 45 p.c. of sulphur as S02, and
71*3 p.c. of cinders, the rate of burning and the nitre con¬
sumption being constant, and ail S03 formed in the burner
being reckoned as SOa, Hurter deduces the following values
from calculations founded on the dynamical theory of gases
(l.c.), the columus headed ' Ultimate value ' being deduced
by still further narrowing the calculations.

— Burner gas
— Exit gas

Kitrogen ,

Oxygen .

Sulphur dioxide .

Limits
81*00 to 81*41
12*33 to 10*15

6*67 to 8*44

Ultimate value
81*24
10*92

7*84
Nitrogen
Oxygen .

Limits
90*00 to 93*22
10*00 to 6*78

Ultimate value
92*07

7*93

100*00 100*00 100*00 100*00 100*00 100*00

3 The following rules for converting chamber-space, ex-
pressed on différent scales, are given by Hurter. ' To con-

VOL. III.—T

vert cubic métrés per kilo, into pounds per cubic foot
multiply by 1G.' The saltcakt made per week is sometimes
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Hence under the most favourable conditions

possible (probably not easily maintained for long
periods together) the minimum chamber-spaee
is about 1 eubic metre per kilo of sulphur burnt
daily, or 16 cubic feet per lb. ; whilst between
1 and 1-25 cubic métrés, or 16 to 20 cubic feet,
must be allowed with a lessened nitre consump-
tion, and in view of practical dérangements
preventing the absolute minimum being attain-
able for any long period together, even with
Gay-Lussac and Glover towers, and otherwise
well-designed and well-worked plant. If, on the
other hand, these towers are not used, 1*4 to
1-85 cubic métrés, or 22 to 30 cubic feet of space,
must be allowed, otherwise either the nitre con-

sumption will exceed 9 to 10 parts per 100 of
sulphur burnt, or else the loss from defective
conversion will exceed 5 p.c. Larger amounts
of space still must be allowed if the nature of
the ore burnt1 does not permit of a burner gas
being obtained containing an average amount of
S02 corresponding with 6-5 p.c. of oxygen in
the exit gas. For instance, suppose the latter to
average 10 p.c. of oxygen, corresponding with
6-62 p.c. of S02 in the burner gas, the volume
of ehamber gases at 50° containing 1 grm. of
sulphur is now 14-24 litres. If this chamber-
space. is refilled 9 times daily, the chamber-

14-24
space requisite is _ ~— = 1-58 cubic métrés

per kilo = 25-3 cubic feet per lb. of sulphur
burnt daily, instead of 1-24 cubic métrés
or 19-8 cubic feet ; and similarly in other
cases.

Eschellmann (l.c. supra) regards the
amount of oxygen in exit gases requisite for
best work to be a quantity varying inversely
with the nitre consumption and directly with

The last column shows the relative amounts of
loss through incomplète conversion of sulphur
dioxide into vitriol that would occur if only 16
cubic feet per lb. (or one metre per kilo) of space
were available throughout, that occurring under
the most favourable conditions being 0-50 p.c. ;
obviously but little practical différence is here

employed for calculations instead of sulpliur burnt ; in this
case, -cubic feet per ton of saltcake per week is 75 times
the cubic feet per pound of sulphur per 2-1 hours ; and
1,200 times the cubic métrés per kilo, of sulphur per 24
hours.'

1 Favre found that when 40 p.c. pyrites was used in a
Works in the South of France, tlie chamber-space was l'66
cubic métrés per kilo of sulphur charged into burners, re-
presenting about 1*8 eubic métrés per kilo actuall.v burnt,
or 28 8 cubic feet per pound of sulphur burnt daily.

the chamber-space per unit of sulphur burnt ;
to indic-ate the connection between the tliree
he gives the following table, to which prac¬
tical experienee has guided him, as neeessary to
reduce loss by déficient conversion to -5 p.c. of
the sulphur burnt, Gay-Lussac towers being
used :—

Chamber space.
Cubic métrés per

kilo sulphur burnt
Oxygen in

exit gas

Nitre per 100
of suipbur

burnt

1-0 4"5 to 5-0 4-0
i-i 5-0 „ 5-5 3-7
1-2 5-5 „ 6-0 3-5
1-3 6-0 „ 6-5 3-1
1-4 6-5 „ 7-0 2-8

Hurter has calculated the following table to
show the variation in the amount of chambei-
space requisite to bring about the conversion of
a constant fraction (99-5 p.c.) of sulphur dioxide
into sulphuric acid, corresponding with given
variations in the nature of the burner gases and
exit gases under otherwise constant conditions,
more especially as regards the proportions be¬
tween nitre and sulphur burnt and daily consump¬
tion of pyrites. It is here assumed that 16 cubic
feet of space per 1 lb., or 1 cubic metre per kilo,
of sulphur burnt daily, will suffice to bring
about the conversion of 99-5 p.c. of the sulphur
dioxide into vitriol, when the exit gases con-
tain 6-66 p.c. of oxygen, represeuting 8-5 p.c. of
sulphur dioxide in the burner gases, using
Spanish pyrites, and making vitriol of constant
strength throughout, with the aid of Gay-Lussac
towers.

represented as being caused by very considérable
fluctuations in the character of the burner and
exit gases, as long as these variations are not
outside the limits of 7 to 10 p.c. of sulphur
dioxide in the former, or 3-7 to 9-5 p.c. of oxygen
in the latter ; but as soon as these limits aie
passed, a very rapid iDcrease in the amount of
loss is at once noticeable.

The following practical case within the
author's own experienee illustrâtes the effect
of déficient chamber-space very completelj.
In a works making acid without Gay-Lussac
and Glover towers and employing some | of
the total pyrites burnt in the form of Spanisb
ore, and J of Wicklow pyrites containing about
30 p.c. of sulphur, the yield of acid durings

Per cent. S02 at
inlet

Per cent, oxygen
at outlet

Cubic feet per
11b.

Cubic metre per
kilo

Total loss if only 1 cubic
metre (or 16 eubic

feet) available

4 14-77 41-00 2-563 15-66 p.c.
5 13-05 28-33 1-771 5-03 „

6 11-30 21-76 1-360 2-03 „

7 9-5 18-14 1-134 0-93 „

7-5 8-56 17-04 1-065 0-69 „

8 7-62 16-33 1-021 0-55 „

8-5 6-66 16-00 1-000 0-50 „

9 5-69 16-09 1-006 0-52 „

10 3-70 18-08 1-130 0-92 „

11 1-61 28-03 1-752 4-88 „
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particular period was distinctly below the normal
amount owing to the chamber-space being
already too small to permit of the loss by defec-
tive conversion being redueed to as low a limit
as 5 p.c., to efïect which at least 22 to 25 cubic
feet of spaee per pound of sulphnr burnt daily

730

would have been requisite. With the intention
of inereasing the production, the chambers were
still further forced by burning more pyrites and
adding a somewhat larger proportion of nitre ;
with the resuit of greatly intensifying the relative
amount of loss by defeetive conversion.

—

Cubic métrés of chamber
space per kilo of sulphur
charged into kilns daily1

Cubic feet
per pound of

sulphur

Nitre per 100 parts
of sulphur cliarged

into kilns

Sulphur converterl into
vitriol per 100 parts
charged into kilns

Totalloss

lst period . 1-150 18-4 9-31 81-5 18-5
2nd „ . 1-073 17-2 9-84 75-4 24-G
3rd „ . 1-017 163 10-02 08-4 31-6

1 When chamber space, nitre, &c., are reckoned per 100 parts of sulphur charged into kilns, the figures are necessarily
smaller ttian those calculated per 100 parts sulphur burnt by an amount proportionate to the quantity of sulphur lelt
uuburnt in the cinder—as a rule, about 5 or 6 parts per 100 charged into kilns, with Spanish ore.

Of the 'total loss ' about 7-7'5 parts through-
out are due to the unburnt sulphur left in the
cinder, taking the two kinds of ore burnt lo-
gether, so that the losses by leakage and détec¬
tive conversion jointly are about 11, 17, and 24
p.c. of the sulphur charged into the kilns in the
three periods respectively, notwithstanding a
progressive incrément in nitre consumption.
Of the relatively enormous increase in loss here
observable, doubtless part was due to inereasing
leakages tbrough defeetive repair as the chambers
grew older (some being nearly worn out even
during the first period) ; but the majority was
due to the decrease in amount of chamber space
available relatively to the volume of burner gases
supplied, outside of those limits within which
such decrease would only produce a compara-
tively small effeet on the yield.

When brimstone is burnt, owing to the
greater richness of the burner gases, it is gene-
rally considered that a smaller excess of oxygen
is requisite than in the case of pyrites1 ; admit-
ting that an exit gas containing 5 p.c. of oxygen
is now the best proportion, it results frorn the
table given above that the volume of chamber
gases at 50° containing 1 grm. of sulphur will
be 8-44 litres. If the nitre consumption (with
Gay-Lussac towers) be comparable with that in
the case of pyrites— i.e. about 3 to 4 parts nitre
per 100 of sulphur burnt—the maximum number
of times the chambers can be refilled with gases
daily will be about the same as in that case, viz.,
about eleven times under the most favourable
conditions possible, or nine times with smaller
nitre consumption and allowing for unavoidable
irregularities ; corresponding respectively with
ft'44. Q-4.1
— = -77 and = -94 cubic métrés per kilo,
or 12-3 and 15-0 cubic feet per lb., of sulphur
burnt daily. Brimstone chambers, however, are,
in Europe at any rate, usually erected on a
smaller scale than pyrites chambers, and there-
fore cool more rapidly, so that, especially in
winter, the mean température of the gases is
often sufficiently lowered to exercise an appré¬
ciable retarding influence on the rate of forma¬
tion of vitriol. Moreover, they are eomparatively
seldom fitted with Gay-Lussac towers, whilst a

1 Hurter deduces from theoretical considérations a value
Elightly higher for brimstone than for pyrites—viz. 8*14 p.c.
of oxygen in the outlet (corresponding with 9"33 p.c. of
S0a in the burner gases), instead of 7*93 (?.c.).

much smaller proportion of nitre is usually em¬
ployé! than with pyrites chambers under similar
conditions—viz. from 5 to 8 parts with an average
of, say, 6-5 per 100 of sulphur burnt instead of
10 parts—the resuit of which différence is that,
instead of the chambers being refilled some seven
or eight times in twenty-four hours, they are
usually only refilled from four to six times, thus
giving = 2-11 to = 1*41 cubic métrés per

kilo, or 33'8 to 22-6 cubic feet per pound, of sul¬
phur burnt daily, with which amounts of chamber
space the loss by defeetive conversion may be
redueed to amounts not exceeding 5 or 6 p.c.,
and sometimes considerably less with eareful
working.1

When diluted sulphuretted hydrogen is burnt
(e.g. gas obtained by Chance's process, consisting
of about one-third sulphuretted hydrogen and
two-thirds nitrogen), the burner gas contains, as
above shown, considerably less sulphur dioxide
for a given amount of oxygen in the exit than
pyrites burner gases, viz. 6'70 p.c. instead of 8'73
for an exit containing 6 p.c.of oxygen; and con-
sequently the minimum chamber-space requisite

8'73
might be expected, apriori, to be —_= 1-30 times

6*70
that necessary for pyrites, ail else being the same.
According to A. M. Chance (C. S. 1.1888, p. 168),
the chamber-space required with such sulphu¬
retted hydrogen ' corresponds to our ordinary
standard of chamber-space used at our works
for many yearspast in burning Spanish pyrites,'
when Gay-Lussac and Glover towers were used,
and nitre equal to 2-9-3-6 parts per 100 of sulphur
burnt, 98-99 p.c. of the sulphur burnt as sul¬
phuretted hydrogen being obtained in the form
of vitriol, working at a rate sufiieient to make
acid containing 40 tons weekly of S03, or about
50 tons of oil of vitriol, or 60 of acid at 150°T.
The experience of other manufacturers, however,
has usually not been quite so favourable ; pos-
sibly on aeeount of irregularities in the sul¬
phuretted hydrogen supply and the presenee
therein of Carbon dioxide.

In the preceding calculations it has been
assumed that certain corrections might be neg-

1 Scliwarzenberg regards 29 to 32 cubic feet as the
proper proportion for a small set of chambers without Gay-
Lussac towers, using 6 p.c. of nitre ; in larger works 22*8
to 24-6 cubic feet were allowed. "With only 1G cubic feet,
much more nitre was requisite or else acid was largely lost.
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lectedwithout materially influencing tlie results.
The following considérations will show that, on
the whole. these various corrections do, in fact,
approximately balance one another. In the first
place, the gases are increased in volume by
the oxides of nitrogen présent not taken into ac-
count. Again, if the factory is situated above
the sea-level, the average atmospheric pressure
will be more or less below 760 mm., thus in-
creasing the volume of gas containing 1 grm.
of sulphur. According to Lunge, a différence
of 5-5 p.c. in the volume occupied by a given
quantity of gas exists due to this cause accord¬
ing as the gas is at Munich or Marseilles, the
température being the same. In summer, more-
over, the mean température of the gases is
higher than in winter, and the volume occupied
relatively greater ; in conséquence, if the output
from a given amount of plant remains the same,
the yield from a given quantity of materials is
diminished from the effect of relative diminution
in working spaee.1 Nextly, in the case of pyrites,
a certain amount of sulphate is always formed
and retained by the burnt ore, leading to a dimi¬
nution in the total oxygen contained in the gases
relatively to the nitrogen, or, what is the same
thing, to an incrément in the bulk of gas con¬
taining a given weight of sulphur proportionate
to the additional diluting nitrogen thus intro-
duced. The extent of this dilution, however, is
rarely great. Thus, supposing the burnt ore to
contain sulphates équivalent to 3 p.c. of S03,
i.e. containing T8 p.c. of oxygen thus combined,
an amount considerably beyond that usually
présent in burnt Spanish ores or similar pyrites
containing little or no lime, or other bases form-
ing sulphates less easily decomposed by heat ;
since the burnt ore weighs about § of the pyrites
used, the oxygen présent in this quantity of S03
will be f +1*8 = T2 parts per 100 parts of ori¬
ginal pyrites, which latter would require, at 48
p.c. sulphur, 48 x u = 66 parts of oxygen, as-
suming the sulphur to be ail présent as FeS„ and
to be completely converted into Fe203 and SO,, ;
so that the amount of oxygen requisite for
oxidation would be increased by or dis-
tinctly less than 2 p.c., by this formation of sul¬
phates ; wherefore the volume of burner gases
containing a given weight of sulphur eould not
be increased as much as 2 p.c. by this action.
A similar small incrémental correction is due
for oxygen taken up in oxidation of zinc, lead,
arsenic, &c., which consume somewlrat more

oxygen to form metallic oxide and S02 than does
FeS._, containing the same weight of sulphur.

These various corrections jointly would
94-23increase the value of ' by some few per

V
cents. ; on the other hand, three other correc¬
tions would slightly tend to reduce it. The first
of these is the circumstance that more or less
sulphur trioxide is always contained in the
burner gases ; it is impossible to form an accu-
rate estimate of the average amount so con¬
tained, but certainly it does not amount to as

1 Possibly also because the higher average température
facilitâtes those secondary reactions that interfère with the
cycle of opérations effected by the oxides of nitrogen by
destroying the ' available ' oxides—i.e. by reduciiig them to
nitrous oxide or free nitrogen.

10 ACID.

much as one-fifth of that corresponding with
the total sulphur burnt.1 Assuming this figure,
however, and admitting that the exit gases con¬
tain 7 p.c. of oxygen, the air entering the burner
will be employed as follows :

Nitrogen 79T0
Oxygen in exit gases . . 5-95
Oxygen employed in oxidising

iron of pyrites . . . 2'99
Oxygen employed in converting

sulphur into S02 . . . 7'97
Oxygen employed in converting

one-fifth of the S02 into S03
in the burners ... '80

Oxygen employed in converting
four-fifths of the S02 into
vitriol in the chambers . . 3-19

100-00

Hence the burner gases, exeluding S0„ will
eonsist of :

In 100 rois.

Nitrogen . . . 79-10 = 83-00
Oxygen. . 5-95 + 3-19 = 9-14= 9-66
Sulphur dioxide 4 * 7*97 = 6-38 = 6-74

o I
94-62 100-00

and consequently the volume of gas containing
5 grm. of sulphur, corresponding with 1 grm.

04..01I
actually burnt, will be -8 x _= 11-18, or not

quite 3 p.c. less than the value 11-46 deduced
above when the formation of S03 is not taken
into acedunt. This fraction, under 3 p.c., is
obviously overstated, because the conversion cl
S02 into S03 in the burner is actually less than
20 p.c., and because the S03 vapour produceJ
occupies space not allowed for. The second cor¬
rection is the circumstance that burnt pyrites
oftencontains asmall fraction oftheironinforms
of oxidation lower than Fe203, so that the oxygen
taken up by the iron is ratlier over-stated. Inthe
third place, the volumes of gas containing 1 grm.
of sulphur at 50°C. and 760 mm.are not quite cor-

94*23
rectly stated by the formula —— , because the

y
assumed tension of aqueous vapour at 50° is
greater than that really exerted in the chambers
on account of the influence of the vesicles of
vitriol in diminishing the tension ; and conse¬
quently 94*23 is slightly too high a value.2

Taking ail the corrections together, it maj
reasonably be concluded that they balance one
another sufficiently nearly to warrant the déduc¬
tion that the minimum chamber space essential
for proper continuons working under the mosi
favourable conditions possible is that above de¬
duced—viz., from 1 to 1*25 cubic métrés per kilo

1 In specially conducted laboratory experimentsLunge
obtained figures representing 18 p.c. as a maximum for the
sulphur converted into' S03 by roasting pyrites and passin:
the gases over hot ferrie oxide ; but this value is greater
tlian anything thatcouldbe formed in actual pyrites burner-
where the gases pass through much less ignited ferrie oxide
than in these experiments. Much smaller values, down:
3 or 4 p.c., have been observed by other expérimenter1
(Fortmann, Bode, Seheurer-Kestner and others). Ere:
when sulphur is burnt in a glass tube in a current of air. i
small quantity of trioxide is formed, about 2 or 3 p.c. of the
sulphur being thus oxidised, accordiug to Lunge.

- For table of tension of aqueous vapour emitted K
dilute sulphuric acid, v. supra, p. 710.
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(16 to 20 oubic feet per pound) of sulphur burnt
from Spanish pyrites in twenty-four hours ; but
that very considerably larger amounts are re-
quisite when the conditions are less favourable
if the fraction of sulphur eonverted into vitriol
is to be the same ; or, conversely, that unless
very considerably larger amounts of space are
allowed, a notably smaller proportion of sulphur
becomes transformed into vitriol—i.e. the loss
from incomplète conversion becomes materially
increased. The actual amount of loss from this
source permissible (apart from that due to leak-
ages, &c.) is, of course, very rnuch a matter of
judgment in each particular case. Working
under the best conditions (e.g. with Gay-Lussac
and Glover towers in good order), the loss need
not exceed an average of 1 pr, at most, 1-5 p.c.
of the sulphur burnt over long periods of time,
this limit including the higher losses necessarily
occurring from unavoidable accidents, and for a
little vvhile after stoppages for repairs &c. on
re-starting the plant. Thus Mactear gives the
following figures obtained in a large vvorks having
anumber of sériés of chambers (Journ. Soc. Arts,
vol. 26,1878, 556), the larger numbers obtained
during the earliest period being due to the cir-
cumstance that a systematic testing of the
escaping gases vvas then just being introduced,
by means of which the occurrence of oecasional
abnormally large escapes was rendered évident,
and thus a better method of working for prevent-
ing such irregularities was rendered possible, in
a way impracticable when simple inspection of
the chambers was relied on as a criterion of
proper working. Gay-Lussac towers were used,
and the chamber space was 20 cubic feet per
pound of sulphur burnt daily.

Sulphuric acid (H3S04) lost per 100 Ibs. of sulphur burnt

—

Maxi¬
mum

Mini¬
mum

Aver¬
age

Percentage of
original sulphur
burnt lost by

incomplète con¬
version

lst month 26-96 1-00 7-00 2-33
2nd ,, 10-60 •80 2-96 •97
3rd „ 29-75 •80 4-21 1-37
4th „ 8-30 •40 2-37 •77
5th „ 2-60 •50 1-68 •55

The last column is derived from the average
monthly lossexpressedin H2SO.,by multiplication
by so as to translate the figures into sulphur
values. When a proper system of testing for
escapes is employed, aecordingto Mactear, ' there
is no insuperable difiiculty in keeping down the
escape of the sulphur acids to 2-5 p.c. H2S0., on
the sulphur burnt '—i.e. to -81 p.c. of the sulphur
itself. When, however, less care in supervision
is exercised—and especially when the chamber-
space is not well outside the limiting minimum
compatible with good work—irregularities in
working are apt to occur, which, for the time
being, cause relatively large amounts to escape,
and this materially inereases the average loss
over a long period of time. Under such circum-
stances an average loss (apart from leakages
and accidents) of 4 or 5 p.c. of the sulphur burnt
(and even more) is by no means uneommon.

When working under comparatively unfavour-
able conditions, and especially when Guy-Lussac
and Glover towers are not used, the loss by de-
fective conversion is usually considerably greater
than under better conditions, partly because the
ehamber-space available relatively to the sulphur
burnt is frequently insuffi cient to eiïect as large
a proportion of conversion, partly because un¬
less an unduly large proportion of nitre is used
a larger surplus of sulphur dioxide is generally
of necessity présent in the last ehamber of the
sériés. With comparatively new chambers in
good condition, the loss from leakages and de-
fective conversion jointly may be brought down
to 5 or 6 p.c. of the sulphur burnt, provided that
the chamber-space is not too small (say 25 cubic
feet per 1 lb. burnt daily), and that due care in
avoiding irregular working is exercised ; but 10-
12-5 p.c. (Tls to £) as the average loss for long
periods of time from these two causes jointly
is mueh nearer the practical resuit actually ob¬
tained, and in some cases as much as 15, and
even 20, p.c. and upwards of loss is ineurred ; partly
because insufficient chamber space is allowed ;
partly because, through false economy, large
amounts of leakage through defective repair take
place ; and largely because the system of manage¬
ment which dispenses with modem improve-
ments, such as Gay-Lussac towers and scientific
skill in their use, is very apt to rely on ' rule of.
thumb ' working, leading to considérable irregu¬
larities and conséquent losses by defective con¬
version.

Various proposais bave been made to modify
the général arrangement of chambers and sub-
sidiary plant in certain ways so as to obtain the
same output of vitriol with a greatly decreased
cubic capacity. One of the most effective of these
is the method of ' forced working ' (' production
intense,' p. 737, footnote) used in some French
Works, whereby an increased amount of nitre is
allowed, mostly reeovered by means of larger
Gay-Lussac and Glover towers, so that a greatly
increased amount of nitrous fumes is always in
circulation. In this way, as little as 12 cubic
feet is requisite per pound of sulphur. Another
method that has been found effective in practice
is the use of ' plate columns ' in combination
with ordinary chambers (v. p. 748).

8. Chambers: détails of construction and
working &c. Although the total amount of
chamber-space required for a given rate of pro¬
duction under given conditions, so as to work to
the best advantage, is regulated as above de-
seribed within tolerably narrow limits, the same
can by no means be said of the form and dispo¬
sition of chambers relatively to one another cal-
culated to give the best results. Obviously the
maximum amount of capacity relatively to the
lead surface would be attained in a sphere, a
shape practically out of the question on account
of the difficulty in erecting staging. Cubical
vessels of 40 feet and upwards on the side have
been used, with the view of diminishing as much
as possible the lead requisite. For much the
same reasons Hasenclever has recommended
chambers some 33 feét high and the same in
width, with a length of 130 feet or so, giving a
cubic capacity of about 140,000 cubic feet. Nar-
rower chambers and less in height, but of greater
length, up to 200 or 300 feet, have also been em-
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ployed by some. From observations of his own
H. A. Smith has deduced the conclusion that the
best form of chamber is 150 feet long, 25 to 30
wide, and 10 to 12 high. In général, how-
ever, chambers of 100-130 feet long, 25-30
wide, and 16 to 20 high, are preferred, giving
a capacity of 40,000 to 80,000 cubic feet. In
some cases a sériés of chambers, through which
the gases pass consecutively, is employed,
especially when a Glover tower is used at the
entrance end and a Gay-Lussac column at the
other ; whilst another arrangement much in
vogue is one where two or more ' working '
chambers are eaeh provided with burners, the
gases from each either uniting at once, andpass-
ing through other 1 receiving ' chambers to-
gether, or being passed through intermediate
separate chambers, and then uniting to pass
through a final1 exhaust ' chamber. Lunge states
that at Uetikon, and also in France, an arrange¬
ment that has been adopted with great success
is to use three chambers in succession, the first
of which has a cubic capacity equal to two-
thirds of the whole, the second two-ninths,
and the third one-ninth. Two rules have
been arrived at by practical experience bearing
on the point: one is that the dimensions of
each chamber should be such that for every
cubic foot of space there should be not far from
•2 square feet of total surface, including top,
bottom, sides, and ends ; thus a chamber
20 x 25 x 100 feet contains 50,000 cubic feet, and
has a total surface of 10,000 square feet, giving
the ratio ■2 exactly. The other rule is that
when the total chamber-spaee is large, it is better
to break it up into two or more différent sets of
chambers, worked entirely apart from one
another, each having a cubic capacity of 150,000
to 200,000 cubic feet, than to pass the whole
bulk of gases through the same final chambers
or exhausts ; for were this done, the velocity of
passage of the gases through these last chambers
would be too great to allow of proper time for
action being given, whilst the Glover and Gay-
Lussac towers would either have to be of enor-

mous size (in which case effective working
becomes far more diffieult) or else must still be
erected in duplicate or triplicate ; so that nothing
is gained, but a good deal may be lost, by such a
mode of working.1 Thus a sériés of four chambers,
the first three of which measure 20 x 25 x 100
feet, giving a capacity of 50,000 cubic feet each,
whilst the fourth exhaust chamber is somewhat
smaller (say 35,000 cubic feet), would be compé¬
tent to deal with the gases from two sets of 14
kilns each, in each of which 28 kilns 7 cwts. of
48 p.c. pyrites is burnt daily. A little upwards
of 10,500 lbs. of sulphur is thus charged daily
into the kilns, of which about 10,000 lbs. are
actually burnt ; so that, as the chamber-space is
altogether 185,000 cubic feet, about 18'5 cubic
feet are allowed per 1b. of sulphur burnt daily.
One ordinary-sized Glover tower and one Gay-
Lussac column of dimensions not too large for
good work would be employed with this set.
Nearly the same resuit as regards relation
between chamber-space and sulphur burnt

1 During temporary dérangements for repairs &c. it
may often be necessary to carry the gases from one set into
another to utilise tliern and prevent the unaffected portion
of the set from lyiug idle.

would obviously be attained by the use of sis
equal chambers in succession, each having a
capacity of 30,000 cubic feet—a mode of arrange¬
ment which has been adopted with satisfactoiy
results when 20 cubic feet of space were allowed
per lb. of sulphur burnt daily, the loss of sulphur
dioxide by incomplète conversion being less than
1 p.c. when the plant was carefully worked and
the escapes determined regularly by spécial
methods (Mactear, Journal Soc. Arts, May 17,
1878).

When a sériés of chambers is used, tkey ave
usually arranged so that each is a few inches
higher than the preceding one, in order to en-
able the weaker acid produced in the last cham¬
ber (which contains most oxides of nitrogen
dissolved therein) to flow regularly back through
the sériés, ail acid being withdrawn for use from
the first chamber, unless there is some reason to
the contrary. Mactear (l.c.) advoeates pass-
ing the first chamber acid back to the exhaust
again, so that the sulphur dioxide contained in
the strongest acid may reduce the nitric acid apt
to be formed in the weakest acid, and thus
diminish corrosion of lead. This nécessitâtes
the use of some form of acid pump to raise the
liquid the requisite height ; but the extra cost is
mueh more than repaid by the diminution ot
wear and tear of lead effected, whilst a substan-
tial réduction in nitre consumption is possible,
as active oxides of nitrogen are thus retumed to
the atmosphère of the chamber instead of being
retained in the acid, and considerably stronger
vitriol may be safely manufactured in the last
chamber, viz., l(P-153Tw. higher than previously,
when the last liquor was 90°-100°Tw.

Chambers are usually constructed of sheet
lead, of such thickness as to weigh 6 lbs. per
square foot, although sometimes rather stouter
lead is used (7 or even 8 lbs.), especially for the
earliest in the sériés, which being the liottest
are therefore the most readily attacked. In
America 5-lb., or even 4-lb., lead is sometimes
employed. F. Bode (Zeits. f. angew. Chem. 1889,
357 ; also S. C. I. 1889, 774) finds that il the
weight of lead requisite for making the actual
surface of the chambers (without considering
that used for internai fittings) be taken as unitj,
then (reekoning the métal to weigh 32-5 kilos, per
square metre = about 6h lbs. per square foot) the
distribution of total lead. used in three différent
Works was

A B C

Charniers
Towers ....
Bemaining plant

1-40
•25
•14

1-37
•19
•13

1-33
•29
•18

Total. 1-79 1-69 1-80

Capacity of chambers in \
cubic métrés . /

Lead used in metrie 1

tonnes j

5800

238

4550

160

2265

96-2

The walls and roof are supported by a stout
scaffolding of beams and joists, well mor-
tised together, forming a skeleton of vertical

j and horizontal wooden bars, to which ' straps'
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of sheet lead are fastened by iron nails,
coated with lead at the heads to enable them
better to resist corrosion. These straps are
fused to tbe sheet-lead itself by means of a
spécial form of blowpipe burning hydrogen, and
urged by a blast of air from a bellows. Usually
the sheets themselves are similarly fused to-
gether at the edges, so as to dispense with
solder, but sometimes unfused ' rabbet ' joints
are employed, made by folding the edges over
and then beating down flat. The roof and sides,
or curtain, of a ehamber is thus constructed
praefcally ail of one piece. The bottom is some¬
times also fused to the sides, so that the whole
ehamber forms one gigantic water- and gas-tight
leaden box ; but more frequently the curtain
hangs down into a large flat dish or ' saucer,'
made by turning up the edges of the bottom 12
or 15 inches, this saucer being kept filled several
inches ieep with ehamber acid when the cham-
bersare working ; the dépendent curtain dips into
the acid ail round, so as to make an hydraulic
lute.

In Britain chambers are usually built freely
exposed to the weather, excepting in so far as
shingling is sometimes built round the support-
ing sciffolding to prevent damage by wind ; the
roofs ire then constructed on a slight slope, one
side being a few inches higher than the other, so
thatiain runs ofï into a gutter, so fixedas to prevent
it rimning down into the turned-up edges of the
saucer ; or the centre is made higher than the
sides, each of which is then guttered. In hotter
climates boarding to keep off the sun and pre¬
vent access of rain is much more frequently
used ; and, similarly, in colder localities, to pre¬
vent undue chilling in winter. The whole
structure is almost invariably supported upon
brick or stone walls or piers, or, better still, on
cast-iron columns, so that a large amount of
spsee is gained underneath, utilised for- the
érection of the kilns, nitre ovens, &c., for storing
and breaking up pyrites, and such like purposes.
In this way the kilns are not only protected
from the weather, but also, to a great extent,
from the effect of wind, which would be apt to
render the draught irregular were they built in
tbe open. On the supporting walls, columns, or
arches rests the ' sill,' a rectangle of stout beams,
indicating the outline of the ehamber, earrying
the transverse joists or girders which support
the saucer, so arranged as to distribute the
weight uniformly. These joists usually project
outwards several feet, so as to carry an outside
gallery affording access to the edges of the
saucer for sampling, drawing off liquor, and
generally testing the working of the ehamber.
Vertical 'standards,' mortised into the sill
and stayed together transversely, support the
' capping,' another stout rectangle earrying the
transverse rafters to which the roof is at-
tached. When the width of the ehamber is
considérable (upwards of 30 feet), trussed beams
or girders are generally used, some 20 feet apart,
provided with iron loops bolted thereto, which
support the rafters, in this case running longi-
tudinally, and not transversely. The lower joists
are boarded over like an ordinary room, so as to
support the saucer at ail points and prevent
cutting by the edges of the joists and conséquent
leakage ; the upper ones are usually not boarded,

the leaden roof being simply supported from
them by means of straps.

When a sériés of chambers is used each one

is conneeted with the one before and behind by
a 'tunnel '—i.e. a square tube of sheet-lead, sup¬
ported by a wooden framework, like a miniature
ehamber ; or a circular one, held up by iron
rings, &c. According to Schwarzenberg's ex-
periments, the best arrangement is for the gases
to leave one ehamber at the bottom and enter
the next at the top, thus necessitating the tunnel
to pass upwards. In this way the least inter¬
férence with the draught is occasioned, whilst
the opposite would be the case were the gases
withdrawn at the top and made to enter at the
bottom. In practice, however, ascending tun¬
nels are rarely used,1 horizontal ones Connecting
the chambers at such a level as to be easily
accessible for inspection from the galleries run¬
ning round the base of the chambers being gene¬
rallypreferred—i.e. the centre of the tunnel being
some 4 or 5 feet above the floor of the ehamber.
It is quite possible that a certain amount of
virtual loss of space is thus occasioned, the
draught not much affecting the portion of the
earlier ehamber below the level of the tunnel at
the far end, and thus rendering that part less prac-
tically efficient ; but the greater convenience out-
weighs this slight drawback. According to Lunge
and Naef's experiments, it is practically indiffèr¬
ent where the Connecting tubes are placed, so far-
as the formation of vitriol is concerned. When a

Glover tower is not used, a cooling-pipe is generally
employed to prevent the burner gas reaching the
first ehamber at too high a température. This
is usually a large cast-iron pipe, 2 or 3 feet dia-
meter, and of length sufficient to enable tho
cooling action of the air to reduce the tempéra¬
ture to the required extent, preferably to not
higher than 6(PC. or 70°C. Occasionally other
means of chilling—such as a water-jacket—are
employed. Sulphuric acid frequently condenses
in the liquid state in the pipes, and runs out
from the joints. This concentrated acid is gene¬
rally used up for the nitre-pots. A sufficiently
long pipe usually renders a dust-depositing
ehamber unnecessary ; but when a Glover tower
is employed such a ehamber (usually a large ex¬
pansion of the flue) is eminently désirable, if
not indispensable, as in that case the burner
gases are led directly into the tower without
passing through cooling pipes, so that ail dust
carried with the gases finds its way into the
tower and consequently into the acid passing
through it. The cooling caused by the eva-
poration of water from this acid suffices to reduce
the température of the issuing gases without
any other chilling appliances being required.
Sometimes a small leaden ehamber not fed with
steam is used as a preliminary dust-depositing
vessel.

On first starting a new ehamber, the saucer
should be filled up so as to lute the curtain with
acid already prepared, and not with water ; were
the latter employed, great loss of nitrous fumes
would be occasioned by their absorption in the
water and destruction through the increased
amount of secondary reaction brought about (v. p.

1 In the case of the ârst ehamber of a sériés it is usual
to make the gases enter near the top, passing in direct from
the G-lover tower.
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730). Moreover, corrosion through formation of
nitric acid in the aqueous solution would be
rendered imminent. Even when closed cham-
bers are used (sides fused to bottom instead of
saucer), it is usually preferred to startwith a depth
of some inehes of acid in them ; but if acid is not
at hand for the purpose, starting dry is préférable
to introducingwater. In order to test the working,
tell-tales are provided, consisting of earthenware
or leaden funnels supported inside in différent
parts of the chamber mouth upwards so as to
catch the precipitated globules of acid, precisely
after the fashion of a rain-gauge ; leaden tubes
passing through the wall enable the ' drips ' to
be collected and tested as to their strengths
by means of an hydrometer. In the same
way, gutters running slopingly along the inner
■wall enable samples to be taken of the liquid
condensing on the sides of the chamber.
Ordinarily these latter samples show at any
given moment a considerably lower sp.gr. than
the former ones, on account of the greater con¬
densation of aqueous vapour by contact with
the surface cooled by the external air ; for this
reason the drips are almost invariably stronger
than the average acid contained in the saucer
(sampled through a small man-hole for the
purpose). When a sériés of chambers is used,
moreover, the acid condensed in the later
ones is generally weaker than that formed
in the earlier ones ; as the liquor runs back
frorn the later to the earlier ones by gravita¬
tion, the average bottom liquor is further
weakened through this cause.

W. Crowder (S. C. I. 1891, 295) finds it pré¬
férable, instead of testing drips from the sides of
chambers, to collcct those from the Connecting
pipes. Sueh drips, for a sériés of four chambers,
should have the following gravities when the
working is normal :—

Drip from tower to lst chamber 95° to 104°Tw.
„ No. 1 to No. 2 „ . . 130°
„ No. 2 to No. 3 „ . . 122°
„ No. 3 to No. 4 ,, . . 105°
„ No. 4 to Gay-Lussac . . 85°

An increased consumption of nitre was always
observed when the drip from No. 1 to No. 2
stood below 130°.

The admission of steam is mainly regulated
in accordance with the gravity indicated by
these samples and that possessed by the bottom
acid, being partly eut olï if the liquid is too
dilute, and vice versâ. In général, the English
custom is to make the chamber acid run off
for further concentration in the Glover tower
&c., or for immédiate use, of about the sp.gr.
T600-T625 (120-125° Twaddell) ; but notably
lower strengths (110-115°Tw.) are often used
abroadi If the strengtk exceeds about 125°Tw.
(sp.gr. 1-625), the quantity of nitrous fumes
dissolved in the acid begins to increase very
considerably, and the rate of wear of the cham¬
ber through corrosion &c. is notably more rapid
than when not above this limit ; whilst an
increased amount of evaporation is rendered
necessary if the strength falls largely below
120°. Owing to the dilution of the acid from
the causes above mentioned, the drip in the first
chamber (from tell-tales not placed against the
wall so as to collect the weaker liquor running

down the sides, but well inside and near to the
entrance of the burner gases) usually indicates
some 10-15°Tw. higher gravity—i.e., the drip in
the first chamber of a sériés usually indicats
about 132_138°Tw. at this point, and somewtat
less at the far end ; in the subséquent chamta
the différence between the drip and bottom icil
is generally not quite so marked, about 5-lÛT;;.
According to Lunge, the practice of most German
and Austrian works, where ail the processes art
checked with the greatest care and the rork
carried on in the most perfect style practieable,
is that the strength of the acid drawn off from
the leading chamber shall not exceed ll!°Tw,
and is best kept at 106° to 110°Tw., if the best
yield and minimum consumption of nlre is
aimed at. On the other hand, several works ia
Lancashire have, since 1889, begun to work with
much stronger acid in the leading chamler-op
to 140°; with the resuit of obtaining 41J cwt. of
96 p.c. saltcake per ton of pyrites, with a con¬
sumption of only 15 lbs. nitre (about 2-6 Is. per
100 of sulphur burnt), 17 cubic feet ol space
being allowed per lb. of sulphur. The increased
wear and tear thus brought about is regaried as
more than compensated by the saving in tbe pro-
cess. The strength of the acid produeed n the
subséquent chambers varies much in difereat
works, more espeeially according as a Gay-Iassae
tower is used or not ; in the former case less
steam is usually admitted to the later chante
than in the latter, so that the acid madetrill
frequently not fall below 100 °Tw. even inthe
final exhaust chamber, and will mark betwtn
110° and 120° in intermediate chambers ; wMst
when no Gay-Lussac tower is used the ail
made in the exhaust chamber is frequently»
much diluted by using excess of steam as notto
indicate more than 50° or 60°Tw., and soie
times considerably less. Practice varies, Ire-
ever, so much in this matter that no défini?
figures can be quoted as those usually adherti
to. The weaker the acid made, the greater:;
the amount of destruction of available nitrogo
oxides by réduction to nitrogen or nitrous oxiè.
Moreover, the available oxides are more or le;
eonverted into nitric acid when in presence é
much water and oxygen, thus

4NO + 302 + 2H„0 = 4HNO,
N203 + 0,+ H20 = 2HNO, ;

so that much corrosion is brought about by the
presence of nitric acid in the weak vitriol formel

In addition to fréquent examination of the
drip and bottom acid for the purpose of regn-
lating the steam supply, the colour of the gase
in the chambers requires continuons inspection
in order to see if the right proportion of nitre;
fumes is présent ; this inspection is made bj
looking through glass windows let into the wall;
of the chamber and Connecting tunnels, either
horizontally towards another window opposite,
or diagonally upwards towards a 'sight'ii
the roof, conveniently made by arranging an ly-
draulic lute covered with a bell-jar so as to
afford easy access to the interior for sampli'f,
&e., if required, as well as acting as a skylifht.
When Gay-Lussac towers are used, the las
chamber should show a pretty deep rail;
tint, indicating that practically ail sulpta
dioxide has become eonverted into vitré-
and that the nitrogen oxides are
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those higher than NO. Should material
paling in tint be visible at any tirne, it indicates
that more or less snlphur dioxide in excess of
the normal small quantity is présent, and in
conséquence that more or less considérable loss
may be oceasioned, not only from escape of
sulphur dioxide in the waste gases, but also
through imperfect absorption of nitrogen oxides
in the Gay-Lussac tower, any NO présent
passiug through unabsdtbed. In the earlier
chambers the red eolour is far less pro-
nounced, inasmuch as at any given moment a
mueh smaller proportion of the nitrogen oxides
présent exist asN203 or N02than in the exhaust.
The précisé shade, of course, to some extent
dépends on the thickness of the stratum viewed ;
a peculiar mistiness due to the effect of the
suspended vesicles of liquid acid always com-
plicates the visible effect, a diminution in this,
rendering the gaseous atmosphère more trans¬
parent, being one of the indications of déficient
steam supply. When Gay-Lussac towers are
not used, the colour of the gases in the exhaust
chamber is much paler than when they are em-
ployed, partly because the total quantity of
nitrogen oxides is then less in proportion to the
sulphur dioxide (notwithstanding the larger
nitre consumption) on aecount of the absence of
the cumulative action effected by the towers,
partly on account of the greater condensation
of these oxides in the weaker aoid made through
the larger steam supply, owing to their conver¬
sion into nitric acid as ahove.

In the Freneh ' forced ' style of working
(p. 737), the gases in the last chamber are much
more deeply tinted, and usually contain N20., as
well as NjOs and NO.

Besides the sp.gr. tests applied to the drips
and bottom acid in the various chambers, it is
generally useful to test these from time to time
as to the amount of nitrogen oxides présent.
If the strongest does not exceed about 123°Tw.
it ordinarily contains only minute quantifies of
dissolved nitrous fumes or none at ail, and the
same remark applies to the drip in this chamber ;
if any considérable quantity is observed and the
gravity is high, the admission of more steam is
requisite, and probably the nitre supply may be
diminished slightly without injury to the yield.
The bottom acid and drips in the subséquent
chambers generally contain increasing amounts
of dissolved nitrous fumes the nearer to the exit
the sample is taken ; but the acid becomes largely
denitrated by the action of the sulphur dioxide in
the gases as it flows back to the first chamber.
In many works the indications obtained by
cxamining the acid made and the colour
of the gases etc. are further eontrolled by
thermometer indications and particularly by
periodical analyses of the exit gases as re¬
gards the percentage of oxygen contained (vide p.
734 et seq.) ; preferably by drawing an average
sample by means of an aspirator during several
hours (24 or less)'. The regular examination of
exit gases in this way was strongly advocated by
Mactear in 1877 (C. N. 36, 49, also Jour.
Soc. Arts, 26, 554) ; the results detailed as to
the diminution of loss by defective conversion
of sulphur dioxide into vitriol effected by means
of the control afforded by the fréquent periodical
détermination of this average amount of sulphur

compounds in the gases have, since then, led to
this method being largely adopted ; aceording to
Lunge, however, ' faetories thus eontrolled do not
ohtain any better yield of sulphate than other
well-managed works. Some contend that they
have greatly lessened their losses by that control ;
but that only proves their former management
to have been faulty ' (Sulphuric Acid and Alkali
Manufacture, p. 574).

The températures possessed by the gases
throughout a sériés of chambers always show a
graduai diminution from the point where the
burner gases enter inwards, excepting in so far as
local incréments in température are brought
about by the introduction of steam jets ; for
although the reactions culminating in the oxida-
tion of SO. to sulphuric acid as a whole evolve
heat, yet the enormous surface exposed by the
chambers brings about so much cooling by con-
veetion and radiation as to more than counter-
balance the heat génération inside. For a con¬
stant external atmospheric température, and a
constant snpply of gases at a given température
and of a given composition, the rate of forma¬
tion of vitriol in eaeh chamber will be constant,
and so also will be the radiation and eonvection

cooling effect ; consequently, a constant average
excess of température of the gases inside overthat
of the atmosphère will be attained in the case of
any given chamber when the amount of heat
developed inside is just eqnal to the atmospheric
cooling effect in a given time ; and this excess
of température will be proportional to the heat
development—i.e. to the amount of vitriol
formed in that chamber. For a sériés of equal-
sized chambers, therefore, the excess tempéra¬
tures of the gases inside as compared with the
external air will form a decreasing geometrical
sériés, just as the amounts of vitriol formed in
each chamber respectively. In aetual practice,
however, figures exactly illustrating this are
never observed, inasmuch as none of the neces-

sary conditions are ever constant enough to
bring about absolute thermal equilibrium, more
espeeially the température of the external air.
Still, the gradation is sufficiently well marked to
render the relative indications of a set of ther-
mometers applied to the various chambers a
valuable guide as to regularity of working. This
System of checking the work is more used on
the Continent, espeeially in Germany, than in
Britain ; naturally the thermometer indications
are far more reliable if the chambers are en-

closed by boarding &c. so as to diminish the
variable effect of atmospheric cooling (which,
aceording to Eschellmann, may produce a dif¬
férence of some 5° between the hottest and eoolest
parts of the 24 hours) and changes of weather
and season. Moreover, différent parts of the
same chamber will necessarily show différent
températures,1 the upper part being a little

1 Schertel (Zeit. f. Angew. Chem. 1890, 639 ; also S. C. I.
1891,138) finds that when the first chamber of a System is
divided into three by vertical partitions so arranged that
the gases must pass through each sub-division from top to
bottom, or vice versâ, the middle compartment attains a

température higher by some 10° than the two end sections.
The yield of acid increases, as also does the loss of nitre.
S. Retter finds (Zeit. f. Angew. Chem. 1891, 37) that when
a single large chamber originally employed alone is divided
into two (thereby slightly diminishingthe available chamber
space) the production is increased by 40 p.c., with a large
incrément in the température of each of the two chambers.
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warmer tlian the bottom and the exit end cooler
than the entrance. In the first chamber of the
Beries it is usual so to arrange matters that
the gases enter at from 60~70°C. ; if a higher
température is maintained much increase in the
rate of wear by corrosion is apt to be brought
about. With Glover towers this is rarely the
the case, but without them it is often apt to
occur. From the exhaust chamber the exit gases
emerge at a température varying rvith the season
of the year and the stearn supply ; in cold
rveather only a few degrees above freezing point,
in summer 25-40°C. are not infrequent limits.
The averaga température of the whole sériés is
always higher in summer than in winter, so
much so that if the chambers are working to
their full capacity in the colder season, either a
notable incrément must be made in nitre con-

sumption in hot weather, or else a distinct dé¬
crément in yield is observed on account of
the larger volume oecupied by the gases, unless
the rate of production is proportionately les-
sened to avoid these sources of increased cost.1
There appears also to be some reason for sup-
posing that the higher the température of the
chambers the greater is the amount of destruc¬
tion of available oxides of nitrogen by the
secondary actions giving rise to nitrous oxide
and nitrogen ; so that there is a général con¬
sensus of opinion that about 50°C. is the most
advantageous average température, the earlier
chambers being somevvhat botter, and the later
ones cooler, than this.3 In the French System
of 'forced'work (' production intense,' p. 737),
the températures of each successive chamber in
the sériés are something like 20° above those
that would be observed when working under the
ordinary conditions.

In the case of brimstone chambers working
on a comparatively small scale, the effects of
climatic varieties are proportionately more
marked than with larger pyrites chambers. In
cold climates the température sometimes be-
comes so much lowered in winter as to fall con-

siderably below that requisite for best working ;
so that instead of less nitre being required than
in summer, a larger proportion is required to
compensate for the diminished activity due to
lower température. Covering the chambers in
by inclosing them in shedding is obviously the
simplest remedy, whilst cooling pipes are un-
necessary ; or if provided for summer use they
should in winter be swathed in non-conducting
coatings.

The pressures obtaining throughout a sériés
of chambers are not absolutely uniform. The
hot burner gases are lighter bulk for bulk than
ordinary cool atrnospheric air, and consequently
tend to ascend upward, and produce an in-
draught at the burners ; the suction of the

1 Lunge states that at the Aussig tvorks the average
summer chamber température is 12*5°C. higher than the
winter onc. In ail 'factories known to liim, less nitre is re¬
quisite in the cooler season, and irregularities in working
are then less fréquent ; if everytliing else remained the
same a diminution of some 3 p.c. in the yield is observable
in summer as eompared with winter. Payen states that
whilst 5f)° to 60° is a normal température in winter, 65° to
80°, or some 20° higher, is observed in summer.

3 H. A. Smith regarde! 93°C. as the proper température
for making vitriol, attained only in the part of the chamber
where the action goes on most rapidly ; but few, if auy,
practical vitriol-makers endorse liis views on this point.

chimney (or, when a chimney is not employed,
that of a steam jet) attached to the far end
similarly tends to draw air in, as also does the
diminution involume due to cooling and conden¬
sation of gases to liquid vitriol. Notwithstanding,
there is generally a slight excess of pressure in
the first chamber, so th at on opening a testing-hole
gases tend ratker to issue outwards than air to
enter. In the second chamber of a sériés the
same resuit is usually fa/intly noticeable, although
here there is almost equilibrium. Near the exit
from the last chamber a tolerably marked in-
draught is noticeable on opening a plug. In
order to détermine accurately the pressures at
any given points, and to measure the speed of the
gas currents passing through the tunnels &c.,
various forms of manometer and anemo-

meter are in use. Of the latter, Fletcher's and
Swan's are those mainly used in Great Britain.
Opening a damper between the burners and
chambers tends to increase the average pressure
in the latter, whilst opening one between the last
chamber and the final exit tends to reduce it.

In well-conducted works the amount of
draught is usually so regulated that sufîicient
surplus air is drawn in at the burners &e. to
give an average excess of oxygen over that con-
sumed in the chambers amounting to 5-6 p.c. in
the exit gases (v. p. 737).

In order to draw off acid from the saucer
of the chamber without employing a cock
(always liable to get out of order and leak) a
small leaden cistern is arranged level with
the saucer, and provided with a pipe leading
away the acid to wherever it is required. A
siphon, with loose leaden buckets over the ends
so as to keep it full when not in use, is then
dipped, one leg into the saucer (made to project
in the form of a corresponding cistern), and the
other into the pipe cistern, when a flow of acid
is brought about for as long a time as may be
requisite. Fig. 7 represents a more complei
arrangement, working on the same principle,
the siphon being set in action by lowering the
oounterpoised réservoir d ; a simpler arrange¬
ment is often used, where the siphon is superseded
by a plug with a handle attached.

Widely différent views bave been held by
différent experimenters as to the relative func-
tions of différent parts of the same chamber—
i.e. the lower, middle, and upper zones, and
the portions adjoining the sides and roof, as
eompared with the interior. At one time
the sides and roof were regarded as the
active portions, liquid acid condensing thereon
as fluid condenses from vapour in distilla¬
tion upon the sides of the cooling worm;
and it was supposed that by increasing the
surface on which the gases could impinge
a larger amount of work would be done in a
given eubical space. Later experience, how-
ever, bas shown that if the extra condensing
surface is obtained by employing such a sbaped
chamber that the side and roof bear a large
proportion to the cubic contents, the rate of
cooling is more rapid but the gain in rapidity
of make is not very marked ; whilst if it is ob¬
tained by filling up the interior of the chamber
with coke, horizontal layers of sheets of glass
an inch or two apart (Ward's patent), or
other condensing surfaces, the interférence
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with the draught and tlie praotical difficulties
introdueed more than outweigh the advantage
gained by the surface action o£ the solids in¬
trodueed; so that chambers thus packed have
never come into général use excepting in the
form of coke towers attaehed to the exit end of
chambers not provided with Gay-Lussac columns,
whereby a notable amount of vitriol is filtered
out, so to speak, from the waste gases by inter-
cepting the floating vesicles and spray that have
not completely subsided in the chambers. The
action of solid surfaces inside the chamber
appears, in fact, to be much more that of mechani-
cally collecting together the liquid vesicles
floating about than of facilitating the chemical
changes going on in the way that platinum
asbestos acts in the production of sulphuric
anhydride. The total action, however, under
favourable circumstances is very marked : thus
Mactear obtained the folio wing results with a

sériés of trays, each 1 foot square, plaeed in a
chamber (a) alone ; (b) with twelve glass sheets,
1 foot by 6 inehes, plaeed vertically in the tray,
1 inch apart ; (c) the same sheets plaeed hori-
zontally 1 inch apart (S. C. I. 1884, 228).

(а) Acid collected in trays alone . 100
(б) Acid collected in trays with ver¬

tical glass plates . . . 231
(c) Acid collected in trays with hori¬

zontal glass plates . . . 455
With the last form of arrangement there was

obviously less interférence with air currents, so
that a maximum of gases laden with vesicles
impinged on the glass surfaces and deposited the
floating vesicles in conséquence. In similar
fashion flat surfaces were disposed in the
chambers vertically in a plane at right angles
to the main current of gases, so that the front
side received a larger proportion of impinging
vesicles, gutters being attaehed so that the acid

Fig. 7.

deposited at both front and lee sides could be
collected separately. It was found that the pro¬
portions were respectively as follows :

Front side 100
Lee side 78

Total 178

whilst 175 parts were collected from both sides
jointly of a similar plate arranged edgeways
towards the current instead of at right angles
thereto.

A set of similar vertical plates arranged at
différent levels (5 feet 3 inehes, 10 feet, and
14 feet 6 inehes, above the floor of a chamber
18 feet liigh) gave the following results : (a)
when protected by a cover from receiving drip-
pings from the roof of the chamber ; (b) when
unprotected ;

Protected Unprotected
High . .100 . . 100
Middle . .111 • • U*
Low . . • 146 . . 165

The lowest plate always gave the largest col¬
lection, as might be anticipated, since by gravi¬
tation and coalescence more and larger vesicles
would naturally exist at a lower level, and there-
fore more total acid would impinge at a given
time at that level. Precisely the same resuit
was found on analysing samples of the atmo¬
sphère inside the chamber at various levels ;
the amount of sulphur dioxide in a given volume
of gas lessened from the top downwards, whilst
the quantity of suspended vitriol vesicles in-
creased, as might be anticipated, since the enter-
ing gases, being warmer, tend to rise immedi-
ately to the top, and lose a portion of the SO..
présent by conversion into vitriol vesicles before
tliey descend again to the lower levels.

Sulphur présent in a given volume of gases.
In the form In tlie form

of S03 of ïïaS04
Top zone . . 100 . . 100
Middle zone. 89 124
Lowest zone 86 157
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It hence results that most chemical action takes
place in a given space at the top of the chamber
and least at the bottom, for precisely the same
reason that more takes place in the first chamber
of a sériés than in the second, and more in that
than in the third, andso on. Exactly the oppo¬
site conclusion was arrived at by H. A. Smith,
whose experiments on the subject, however,
hardly warrant his déductions therefrom.

Lunge and Naef (S. C. I. 1884, 683), on the
other hand, deduced from their experiments that
the gases in the central part of a chamber con-
tain a higher proportion of sulphur than those
at top, bottom, or sides, indicating a smaller
formation of vitriol in the central région ;
whilst Hasenclever concluded that the forma¬
tion of vitriol is practically the same per
given amount of space in ail parts of the in-
terior of a given chamber. Along the roof and
sides, however, a larger collection of liquid is
neeessarily brought about on account of the
cooling influence of the external air, whereby
true condensation of aqueous vapour is effected
as well as mechanical réception of floating
vesicles ; whence it results that the ' drip ' eol-
lected from a gutter along the sides always
shows a lower density than that from a tell-tale
in the interior.

If the amount of chemical action going on in
a given space be most in the top zone, obviously
the température rnust be greater there than at
a lower level (excepting in the immédiate
proximity of the roof or sides, where aerial cool¬
ing goes on) ; this, in fact, is always found to
be the case, unless local causes set up air currents
interfering with the normal resuit. The différ¬
ence of température is variable with the size and
shape of chamber and général conditions, but
usually does not exceed a few degrees ; from 4°
to 5°C. were observed by Lunge and Naef in
a sériés of investigations carried out with a set
of three chambers at Uetikon (l.c. supra).
A perceptible increase in the rate of chemical
reaction was noticed in the vicinity of the walls,
apparently due to their surface action. It was
also observed that whilst the majority of the
sulphurie acid made was formed in the first
half of the first chamber, the portion eonverted
in the first half of the second chamber was

greater than that in the second half of the first
chamber, instead of less, as would naturally be
expected, the intimate commingling effected by
passing through the Connecting tunnel being
apparently the cause of this seeming irregu-
larity ; from which it may perhaps be' inferred
that a long sériés of comparatively small
chambers is likely to be a more effective dis¬
position of chamber-space than a sborter sériés
of longer ones possessing the same aggregate
cubic capacity, on account of the larger number
of comminglings to which the gases are sub-
jected in the Connecting tunnels.

Naef (Chem. Ind. 1885, 285) and A. Schertel
(Chem. Ind. 1889, 80) confirm these results as
regards the much greater rate of formation of
vitriol in the first half of a chamber as com-

pared with the second half, and the increased
rate effected in passing from this second half to
another chamber. Schertel attributes this simply
to the introduction of fresh steam along with the
gases into the second chamber, whereby nitro-

sulphonic acid is decomposed more rapidly and
nitrous acid liberated.1 In the course of his ex¬

periments it was shown that a multiplication of
solid surface within the chamber, such as

dividing partitions, as previously pointed out by
Ward and others (supra), is of advantage inhasten-
ing the formation of vitriol. Lunge and Horst-
mann regard this advantage as due to the bring-

Fig. 8.

ing together of vesicles of comparatively strong
nitrosulphonic acid and of water or dilute sul¬
phurie acid, so as to cause them to react on one
another more rapidly, thus liberating active
nitrogen oxides. To facilitate this they sug-

1 According to tlie vie-.v put forth by the author (p. h1*
et seq.) that the main reactions occurring in the vitriol
chamber (whatever their actual nature) take place oit 1U
surface of the vesicles of condensed steam, gradually convertit?
them into vesicles of dilute sulphurie acid, it is obviousihat
au enhanced activity must neeessarily accompany theintro-
duetion of a fresh quantity of vesicles by blowing in more
steam.
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pest (Zeit. f. Angew. Chem. 1889, 385 ; also
S. C. 1.1889,774) the use of ' Plattenthiirme ' or
pl&tecolunms, consistingof columns of perforated
porcelain plates, b b (fig. 8), eontained in a lead-
lined tower or vertical tube, into which the gases
enter at g, emerging at h ; water or dilute acid

Pio. 9.

is led in from a réservoir at the top / by the
distributing pipes e, d. Each plate is sepa-
rately supported by bearers, c c, in such a
way that in case of necessity any one plate
can be removed without disturbing the others.
Kg. 9 represents the plates in section, also
the disposition in two consécutive rows, and

fig. 10 the plates in plan; each plate is
covered with a network of small ledges, d d,
forming squares, in the centre of each of
which is a perforation, e e, with somewhat
raised margin, not reaching up quite so high as
the ledges ; hence the squares always contain a
layer of liquid which overflows through the per¬
foration drop by drop. The plates in two con¬
sécutive layers are not identical in shape, dif-
fering in the position of the holes, the perfora¬
tions in the plate above being vertically over the
points of union of the ledges on the plate below
(fig. 11), so that liquid dropping from the upper
plate cannot drop straight through the holes in
the lower plates, but strikes the solid portion of
the next plate, and is thus scattered about and
divided amongst the adjoining squares. The
thin layer of liquid resting on the plates and
clinging to the holes is thus constantly renewed ;
whilst the gases and vapours rising within the
column are continually being divided into com-
paratively fine jets by passing through the
various orifices, and then striking upon the solid

<L

Fig.

parts of the plates above. The direction of the
air current is thus constantly changing, whilst
the surface of the liquid is continually being
renewed, and thus the most favourable conditions
are produced for the mutual action of the gaseous
and liquid substances. Moreover, no false
channels can exist through which gases or
liquid could pass separately without coming into
proper contact with one another. These cir-
cumstances give the plate column an enormous
superiority over a coke-packed tower as an
absorbing apparatus. According to Lunge, from
10 to 20 times as mueh work can be done in
the same cubic space. Further, the chemical
action of coke on oxides of nitrogen is elimi-
nated. The beat of reaction in the formation
of chamber acid furnishes enough beat to
evaporate 100 parts of water at 100°C., during
the production of 98 parts of HjSOj, a quantity
some 25 p.c. in exeess of the requirements of
the process ; taking into account losses by radia¬
tion &c., this shonld suffice for a nearly self-con-
tained equilibrium. An idéal disposition would
be the following:—Glover tower ; small chamber
16 x 16 x 40 feet ; one or more plate columns,

10.

3 feet diameter and 13 to 20 high, containing
25 to 40 plates ; second chamber and set of
plate columns ; end chamber for drying the
gases ; Gay-Lussac tower, to which function the
plate column is well adapted.

Very satisfactory results have attended the
introduction of plate columns in the vitriol
sériés after this fashion ; thus in one works in
Bohemia the placing a column of 16 layers of
plates between the first and second ehambers of
a set of two at once permitted 30 p.c. more
pyrites to be burnt ; the yield of acid remained
the same, whilst the nitre consumption was
actually lessened. No acid whatever was made
in the second chamber, the use of which might
have been dispensed with altogether, excepting
for the purpose of cooling and drying the gases
hefore passing into the Gay-Lussac tower.
Hence it would seem that the working capacity
of the first chamber was really increased by
70 p.c. by the addition of the column (Lunge,
1 Sulphuric Acid,' 2nd édition, 1891, p. 900).

Sorel (Bull. Soc. Ind. Mulhouse, 1889, 240 ;
also S. C. I. 1890, 175) traces the increased effect
on passing into the second chamber to the re-
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duction of température brought about on passing
through the Connecting tunnel or pipe, the
gases being thereby cooled 20° or 30°. Conden¬
sation of water takes place, which dilutes the
acid in suspension, and suddenly libérâtes a
large quantity of nitrous acid, which thereupon
produces a more rapid oxidation of the sul-
phurous acid.1 He deduces from his experi-
ments the général resuit that variations of
température play a preponderating part in the
formation of sulphuric acid ; during the move-
ments of the gases, the particles of liquid in
suspension pass into zones of différent tempéra¬
tures, with the resuit of changing their state of
concentration of richness in nitrous products,
whilst hringing themselves into equilibrium
with that part of the gaseous atmosphère that
surrounds them. ' Therein lies the secret of

the rationale of the sulphuric acid process.'
Although the normal effeet of the walls of a
chamber is to bring ahout a cooling action by
radiation, yet, according to Sorel's observations,
this cooling influence is only felt close to the
wall, and in certain cases the température at
the side of the chamber a few inches inwards is

notably higher than the interior température at
the axis. He agréés with Abraham (D. P. J.
245, 414) that eack molecule travels in a spiral
round a horizontal axis from one extremity of
the chamber to the other, a view regarded by
Lunge as altogether compatible with his own ex-
periments. As the resuit of his observations, he
suggests the following order of apparatus A
Glover tower in which 25 p.c. of the total yield
is produced, a chamber capable of oxidising 75
p.c. of the sulphurous acid that enters it (Lunge

Fia. 11.

and Naef's results expressed diagrammatically
show that this chamber would have about one-

quarter the capacity of ordinary chambers) ;
following upon this chamber, a sériés of cooling
pipes and small towers, the latter traversed by
acid of 60°B. from top to bottom, whilst the
gases and steam are introduced at the bottom.
Assuming that these towers have each a cubical
content equal to half that of the Glover tower,
with three towers there would be produced up-
wards of 93 p.c. of the total theoretical yield,
with a saving of ahout 60 p.c. in the capacity of
the apparatus used. At the date of writing, how-
ever, it does not appear that these arrangements
have been submitted to the test of praetical
experience.

1 Inasmuch as the cooling would tend to the précipita¬
tion of liquid xcater vesicles as mist, which would notcoalesce
instantaneously with the acid vesicles, it would seem probable
that the increased rate of action is due as much to the in-
creased amount of u-ater surface thus brought into play,
as to the évolution of nitrous acid.

In discussing the advanees made in sulphuric
acid manufacture up to the end of 1891, Hasen-
clever states (Chem. Ind. 1892,15, 69) that, as it
is now recognised that the reactions taking place
in a vitriol chamber can be promoted by bringing
about a more intimate contact of the gases, in
various works a System is being adopted whereby
several small chambers connected by compara-
tively narrow tunnels are provided at the exit
end ; the gases are thereby intimately commin-
gled and the final stages of the manufacture con-
siderably hastened. At Petrowitz in Austria,
and Ghent in Belgium, lead chambers in the
form of gasometers have been introduced ; but
as yet nothing bas been published to show that
they possess any spécial advantages.

E. and T. Replace have patented (S. C. I.
1891, 254) a peculiar form of vitriol-mahing
plant, consisting of modified pyrites kilns, two
Glover towers (one to cool the gases and con-
centrate the liquors, the other to denitrify the
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Gay-Lussac nitrous vitriol), a circular or poly¬
gonal chamber of annulai- plan, into which
the gases are led by two inlets, one near the
circumference and one towards the central part
of the annulus ; a second annular chamber
eoncentric within the first, and finally a Gay-
Lussac tower. The leading idea is constantly
to change the direction in which the gases are
travelling, and so insure more thorough mixing
and quicker interaction. Lunge considers that,
apart from the extra cost of construction, the
advantage derived from the more complété
mixing of the gases is more than counterbalanced
by the lessened cooling effect of the inner
wall.

9. Gay-Lussac aud Glover towers. Al-
though the use of these subsidiary appliances
is by no means universal, yet the advantages
gained by the employment of the two together
under proper conditions are so great that they
are now adopted in almost ail works where
anything like scientific management is in vogue.
The Gay-Lussae tower, as originally con-
structed, was simply a scrubber, down which
tolerably concentrated vitriol was passed (of
about sp.gr. 1-7 to 1-75) ; this absorbed the
nitrous fumes from the exit gases passing up
the tower, with the formation of nitric aeid and
nitrosulphonic acid, S02(0H)(N02) ; the oxides
of nitrogen were then recovered by blowing
steam into the nitrous vitriol,1 or by passing it
through a ' denitrificator,' consisting of another
scrubber, into which part of the burner gas and a
jet of steam were introdueed, so that the diluting
action of the steam and heat in decomposing
nitrosulphonic acid in accordance with the re¬
action 2SO2(0H)(NO2) + H,0 -2S02(OH)2+N203
was further aided by the chemieal action of
the sulphur dioxide on the nitric acid.2 Various
practical difficulties prevented the général adop¬
tion of Gay-Lussac's process for more than
thirty years ; although it was invented in 1827,
it was employed by very few (and, after trial, in
many cases was abandoned), it being considered
that the cost of re-concentrating the diluted
vitriol l'un out from the denitrificator, the
liability of the apparatus to get out of order
and become injured by corrosion, the incon-
venience of having to pump up concentrated
acid to the top of the scrubber, and such like
matters, more than outweighed the value of the
nitre undoubtedly saved by its use. As the
amount of scientific skill necessarily bestowed
on the manufacture (through increasing com¬
pétition and other causes) became greater, the
reverse opinion began to gain ground ; and when

1 As late as 1890 this method was still in use at Freiberg,
on account of the low température at which the gases enter
the chamber, because of the spécial arsenic-condensing
arrangements (Lunge, 'Sulphurie Acid,' Snd édition, 1891,
p. 570)

' According to Lunge's observations, nitrous vitrioï
obtained in the Gay-Lussac tower does not contain any
nitric acid, the older analyses leading to that conclusion
being incorrect. If nitrogen tetroxide be présent iu the
gases, it should form nitric acid by the reaction (occurring
in glass vessels) HjSO.+N.O. + SOjCOHICNO^ + HNO,;
but the reducing action of the coke causes nitrosul¬
phonic acid to be formed instead by a reaction which may
be writtcu 2H.S04+N20,= 2S02(OH)(N03) + H30 + 0, the
oxygen being taken up by the coke (S. 0. I. 1885, 31).
At 20°C. this action is languid, but at 38°-10° it is much
more rapiû. Under certain conditions, this reducing action
of coke may leaû to the formation of NO from higher oxides,
which may pass away unabsorbed.

about 1860, and during the next few years, the
use of Glover towers beeame général for utilising
the waste heat from the burners for concen-

trating and denitrating the chamber acid, and
thus cooling the gases without requiring any
chilling appliances, it soou became obvious that
by simply mixing the nitrous vitriol from the
Gay-Lussac tower with the chamber acid and
passing the mixture through the Glover tower,
the nitrous gases contained in both could be
recovered at a minimum of cost, inasmuch as
the concentrated aeid obtained at the base of
the Glover tower was strong enough for use as
absorbent in the Gay-Lussac scrubbers without
any further evaporation being requisite. At
first objections were raised to this mode of pro¬
cédure, it being considered that considérable
loss of nitrous fumes would be incurred through
réduction to nitrous oxide or nitrogen taking
place at the higher prevailing température ; but
experience has shown that these fears were
practically groundless, sinee the great bulk of
the nitrous fumes are liberated at the upper
part of the Glover tower when the température
is lowest ; and that consequently by the use of
the two towers combined a réduction can be
effected in the amount of nitre consumed to
the extent of 60 to 70 p.c., not only without any
détriment to the process, but with the positive
advantages of enabling more acid to be made
in a given amount of chamber-space, and
diminishing considerably the quantity of sulphur
dioxide ultimately escaping unchanged—i.e. in¬
creasing the yield from a given amount of
material ; these results being brought about in
conséquence of the larger proportion of nitrous
gases présent in the chamber atmosphère at any
given moment, owing to the incrément due to
the cumulative effect of the Gay-Lussac tower
exceeding the diminution due to the decreased
nitre consumption.

To effect this resuit the cubic capacity of
the Gay-Lussac tower must not be too small in
proportion to that of the set of chambers to
which it is attached, and the absorbing sul¬
phurie acid must be neither too low in strength
nor déficient in quantity. As regards the relation-
ship between capacity of tower and chambers,
taking the latter as holding 1,000 volumes, the
former is frequently so constructed as to contain
10 to 12-5 volumes (reckoning only the leaden
shell, and making no allowance for lining or
coke packing) ; but somewhat larger amounts are
préférable, 12-5 to 15 or even 20; larger amounts
still, up to 30 or 35 per mille, are essential
when the System of ' forced ' working (' produc¬
tion intense ') is adopted, as in some French
works (p. 737). Thus a pair of towers, each
6 feet square (internally) and 40 high, would
jointly hold 2,880 cubic feet, and if conneeted
with a set of chambers of capacity 150,000

9 QQf)
cubic feet would give a ratio of j^q qqq = 1-9-2
per mille ; whilst a single tower, 7 feet square
and 50 high, would hold 2,450 cubic feet,
and when applied to a set of chambers of
capacity 200,000 cubic feet would give the ratio

L- = 12-25 per mille. If the capacity of
200,000 F 1 J
the tower be m per mille relatively to that of
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the chambers, and if the rate of working be
such tbat tbe gases supplied are sufficient to
refill the chambers n times in 24 hours,

obviously the tower will be refilled 1,000 x —
m

times daily, or once in
24 x GO

-

= 1-44 x VL

minutes ; or once in 86'4 x — seconds ; so tbat
n

if the height of tbe tower be h feet, tbe average
velocity of the gases passing through the tower
(reekoned as empty, not taking into account the

coke paeking) will be -J1?-— feet per second.* bl 86-4 x m *
In order to obtain good absorption with a supply
of aeid at about 150°Tw. in quantity equal to 67 to
100 p.e. of the daily make, the value of the
velocity thus calculated should not exceed at
the most -5 feet per second, but better results
are obtained with a velocity of to f this
limit—i.e. of -25 to -33 feet, or 3 to 4 inches
per second ; thus in the two instances just

, -, ,, . 40 x 9 -, 50 x 9quoted the values are and :
86-4 x 19-2 80-4 x 12-25

or -27 and -34 feet per second respectively if it
be supposed that n = 9, i.e. that the chambers are
refilled 9 times daily. Of course the actual
mean velocity of the gases through the in¬
terstices of the paeking is much greater than
this amount, in proportion as the capacity of
the empty tower exceeds that of the interstitial
space.

Towers of more than 6, or at most 7, feet
square in section were till recently rarely em¬
ployé!, on account of the supposed increased
difficulty in maintaining a regular equable flow
of acid down ail parts alike ; but of late years
much wider towers have been used, up to 12 or
14 feet, without any drawbacks being noticed due
to increased width (Lunge). If the height much
exceeds 40-50 feet,thereis considerably increased
difficulty in pumping up the acid, whilst the
weight of the superincumbent layers of paeking
tends to crush the lower layers and block the in¬
terstices ; so that if the bulk of gases to be dealt
with is such as to require larger tower capacity
than can be well afforded by one column, two or
more (preferably worked so that the gases do
not traverse each in succession, but pass equally
through ail) answer better than one larger. When
two towers in succession are employed, the gases
passing out at the top of the first are brought down
again to the bottom of the second by a pipe, and
not made to descend through the second ; other-
wise, but little absorption is effeeted, as when
the gas and acid travel in the same direction
their mutual action is very languid. In order
to diminish the work required of the tower,
it has been proposed to wash the gases pre-
viously by making them pass through a pre-
liminary tower not packed with coke through-
out, but furnished with an arrangement for pro-
ducing a copious shower of rain of sulphuric
acid (S. C. I. 1885, 456). According to Lunge,
this method does not work very satisfactorily in
practiee, probably because the drops of acid

fall too rapidly to enable them to act upon the
gases efficiently.

Gay-Lussac towers are usually constructed
of sheet-lead supported by wooden scafloldicg
in the same fashion as the chambers (figs. 12
and 13) ;1 some manufacturera use much stouter
lead than for the chambers, 10 to 14 lbs. pet
square foot, whilst others employ 6 or 7 lb. lead
only. A firebrick lining is sometimes used for
the lower portions, to prevent the thrust on the
lead from the weight of the paeking. Square
sectioned towers are usually preferred, as
involving somewhat less trouble in construc¬
tion ; but circulai- ones have the double advan-
tage of giving more cuhic space for a given

Fig. 12.

area of sheet lead employed and being more
readily fed regularly and equally in ail paris
with the absorbing acid. Hard-burnt coke is
usually employed as paeking, but various other
materials have been used, such as fragments of
glass and porcelain, or such like substances
capable of resisting the action of the acid.
These have the disadvantage of possessing a less
irregular contour than coke, and, therefore, es-

posing less active surface ; but, on the other
hand, they are without chemical action on the
higher oxides of nitrogen, whereas coke partially
reduces them to NO, to an extent dépendent on
the température—very slightly at ordinary tem¬
pératures, but much more quickly at 30-40°C.
(Lunge). Moreover, coke is much moreaptto

1 In the South of France octagonal Gay-Lussac towers
are in use built of volvic lava, like a hydrochloric acid con¬
denser, without any lead shell (Lunge).
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hecome disintegrated and break up into small
fragments, whieh block up the interstices and
impede the draught. The perforated stoneware
plates used for ' plate columns ' (p. 749) answer
well, as they bring about a most thorough wash-
ing of the gases. When coke packing is employed,
thelampsare carefully laidpiece by piece in régulai-
layers upon a sériés of parallel rows of firebrick,
supporting transverse tiles placed a little apart
so as to form a kind of grating underneath

which the gases enter; usually the base is
packed with large fragments, the middle with
somewhat smaller ones, and the top with lesser
lumps about the size of large potatoes or
apples. On the top of the tower is a leaden
basin divided into compartments, with perfora¬
tions in the base of each, so distributed over the
total sectional area that when the various com¬

partments are kept equally supplied with acid
by a rotating distributor working on the prin-

Fig. 13.

ciple of the well-known reaction machine
' Barker's mill ' (or in any other convenient
way'), an equable shower of acid drops falls on
the coke at the top over its surface, so that the
descending acid flows as far as possible equally
through ail portions of the mass of packing.
The denitrified gases either escape direetly into
the air at the top of the tower, or are brought
down by a descending flue connected with the
chimney of the works to create draught through

1 for detailed description of arrangements for the pur-
pose, a. Lunge, 'Sulpliuric Acid,' 2nd edit. 1891, p. 523.

Vol. III.—T

the chambers, regulated as required by a damper.
Glass panes, or ' sights,' are fixed in the supply
and exit flues, so that the eolour of the enter-
ing and denitrified gases can be inspected and
compared ; the former should be mai'kedly
ruddy, the latter praetically eolourless, and
incapable of generating red fumes on admixture
of air, indicating absence of nitric oxide. The
acid employed is usually of sp.gr. 1-725 to
1-775 (145°-155°Tw.), and is forced up to a
supply cistern at the top of the tower by means
of compressed air injected into a vessel eontain-

3 C
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ing the acid, and provided with a tube passing
down internally to near the base, the action
being that of a ' wasli-bottle,' or somewhat like
that of an ordinary soda-water siphon.

In comparatively small works, e.g. brimstone
acid factories, a sufficiently effective arrange¬
ment for absorbing nitrous fumes is sometimes
employed, consisting of a number of stoneware
pipe columns, filled with coke, fed at the top
with strong acid from an acid main, and
ail communieating below with a réservoir on
which they stand, from which the nitrous vitriol
is drawn off by a pipe. Earthenware cylinders
filled with layers of tiles and dishes one above
another are sometimes used, or a sériés of
Wolfe's bottles.

The quantity of nitrosulphonic acid con-
tained in the liquid running out at the base of
the tower dépends on the proportion of acid
used in the tower and on the total quantity of
oxides of nitrogen in circulation ; usually such
a quantity of acid is employed that the nitrous
vitriol contains nitrogen compounds équivalent
to 1 to 2 p.c. or more of N203, which generally
entails the passing through the tower daily of
an amount of acid equal to from three-quarters
to once and a quarter times the daily production.
The stronger the acid used, naturally the more
powerfulis its action in absorbing nitrous fumes,
and the less may be employed ; acid weaker than
140°Tw. (sp.gr. l'70) is almost unserviceable.
Admitting that the acid passed through the
tower is equal to the daily production, and has
a strength of 150°Tw.—i.e. contains about 81 p.c.
H2S04 corresponding with 26'4 p.c. of sulphur—
and that it absorbs an average amount of nitrous
fumes équivalent to only 1 p.c. of N203 or
2-24 p.c. of NaN03 (or, what cornes to the same
thing, that the acid passed through the tower is
two-thirds of the daily production, and con¬
tains 1-5 p.c. of N203, or that it is once and a
half times the daily make, and contains -67
p.c. of N203), it results that 100 parts of sulphur

burnt correspond with 100 x = 8'5 parts of

nitre équivalent to the nitrous fumes absorbed ;
so that if 4 parts be also used in the nitre-pots,
the total amount in circulation will be équiva¬
lent to 12-5 parts of nitre per 100 of sulphur
burnt. This is probably considerably below the
amount actually in circulation in most cases,
as, according to analyses of nitrous vitriol
published by Winckler, Kolb, Lunge, and others,
the quantity of oxides of nitrogen présent
calculated as N203 is from 2 to 4 p.c. H. Pem-
berton (S. C. I., 1883, 414) found in a brim¬
stone chamber that the nitre used as such was

3-5 parts per 100 of sulphur burnt, whilst that
derived from the nitrous vitriol was 12-1 parts,
giving a total of lô'G ; and Hurter has similarly
found 19'6 as the total circulating in a pyrites
chamber. On the whole, it appears to be
clearly proved that the well-known effect of
Gay-Lussac and Glover towers in diminishing
the amount of chamber-space required to. make
a given quantity of vitriol, even when less
nitre is allowed, is due to the fact that by
the aceumulative effect of the régénération of
nitrogen oxides a much larger amount of these
bodies is présent in the chambers relatively to

the sulphur dioxide than is the case when no
towers are used, even though the nitre is then
as much as 10 parts per 100 of sulphur burnt,
instead of only 3 to 4 parts. In some Continental
works it has been the practice of late years to
make fréquent tests of the nitrous vitriol supplied
to the Glover tower, so that an estimate may be
formed of the total amount of available oxides of
nitrogen entering the chamber as compared with
the sulphur burnt, including that from the nitre
(or nitric acid) used. Lunge states that when
24 cubic feet per pound of sulphur is allowed,
this total (expressed as nitre) may be allowed to
fall as low as about 10 parts of 90 p.c. nitre per
100 of sulphur burnt ; but with smaller amounts
of chamber-space, from 15 to 20 parts of 1 total
nitre ' is put through the system, proportionately
larger nitre-recovery apparatus being then te-
quisite. In the French 'forced' system ('pro¬
duction intense,' p. 737), the ' total nitre ' in cir¬
culation reaches as high as 25 parts per 100 of
sulphur burnt ; in this case the quantity of acid
passed through the tower daily amounts tout
least twice the daily make.

According to Benker and Lasne, when sulphur
dioxide is praetically absent from the gases
passing from the exhaust chamber to the Gay-
Lussac tower, the ruddy fumes of available
nitrogen oxides contain much N204, which more or
less escapes condensation in the tower. To avoid
this loss, they'have taken out a German patent
(17,154, Feb. 1881) for the introduction at
the base of the tower of a stream of burner
gases mixed with steam in such quantity as to
cause the réduction of N304 to N2Os, which
is then completely absorbed, forming nitrosul¬
phonic acid thus :

2H2S04 + N203 = 2S02(0H) (NOs) + H.0.
Lunge regards (B. 15, p. 488) their views on the
subject as wholly incorrect, N204 being, accord¬
ing to him, readily soluble in sulphuric acid
with the formation of nitrosulphonic and nitric
acids, thus—

N204 + S04H2 = S02(OH) (NOj) + R03H
The advantages alleged to be gained by the in¬
troduction of sulphur dioxide he considère do
not exist when the chamber process is properly
attended to, although in case of faulty working
they may be attained, as in that case the tower
serves to earry on further the chamber procès»;
but they are counterbalanced by the great danger
introduced of denitrating again the nitrous
vitriol formed in the upper part of the tower-
especially at night, when the superintendencei»
less rigid—and so causing ultimately loss of
nitrous fumes rather than any gain by increased
absorption.

As worked in Britain the loss from non-

absorption of available oxides of nitrogen in
the tower, together with the formation of nitric
oxide, generally amounts to about one-fifth, or
at most one-fourth, and often only one-sixth, of
nitre employed when this is from 3 to 4 parts
per 100 of sulphur burnt. Of course, nnder
unfavourable conditions, or through dérange¬
ments of chamber-working, temporary incréments
in the escape are from time to time met with;
but one-fifth may be taken as a fair wortinç
average limit. If the last chamber of a séries
is unusually strongly coloured, a higher loss
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from incomplète absorption of soluble oxides is
apt to be occasioned; whilst if lighter than
usual, an increased loss is also often occasioned,
but in this case the cause is formation of in¬
soluble nitric oxide owing to presence of excess
of sulphur dioxide.

The examination of tlie exit gases passing
away from the Gay-Lussac tower is a most
important part of the control opérations re-
quisite for carrying on the work efficiently.
Besides the examination of samples drawn off
from time to time, it is always désirable to
have an average sample drawn every 24
hours by means of any convenient form of
aspirator capable of working regularly and
uniformly, drawing off a cubic foot per hour, or
more, of gases, and recording the volume on a
gauge or by a meter. The gases thus aspirated
are made to pass through absorption bottles
containing caustic soda, whereby the nitrogen
and sulphur acids présent are retained, so that
by the examination of the absorbing fluid the
average amounts of these substances carried
away in the gases are deduced. Hurter and
Lunge ('Alkali Makers' Poeket-book,' p. 86)
recommend the following arrangements, agree-
ing in the main with those published by the
British Alkali Makers' Association in 1878. A
sériés of 4 absorbing bottles or tubes is em-
ployed, each containing 100 e.e. of fluid, normal
pure caustic soda solution (31 grms. Na20 per
litre, in the first three, and distified water in the
fourth, the depth of liquid in each being at least
three inches, and the aperture of the inlet tubes
not exceeding ± ineh in diameter, measured by
a standard wire. The contents of ail four
bottles being united with as little dilution by
wasbing as possible, the total is divided into
tbree equal parts, of whieh one is reserved in
case of accident, one tested with standard acid
to find the ' total acidity,' i.e. the amount of
alkali neutralised, and the third gradually
poured into a warm solution of potassium per¬
manganate strongly acidified with sulphuric
acid; a smail excess of permanganate must be
présent, subsequently reduced by a few drops of
sulphurous acid solution until only a faint pink
tint remains. In this way ail the nitrogen oxides
are converted into nitric acid, which is then deter-
mined by adding to a recently titrated solution
of ferrous sulphate (about 25 c.c. of solution con¬
taining 100 grms. of crystallised sait and 100
grms. of sulphuric acid per litre), 20-25 c.c. of
pure sulphuric acid, and after cooling slowly
adding the nitric acid solution ; the opération
is carried out in a flask through the cork of
wbich pass tubes for removing the air in the
flask and replacing it by an atmosphère of
cavbon dioxide, a current of whieh is kept up
whilst the contents of the flask are heated to
boiling ; or the flask may be elosed by means
of a perforated cork, through which passes
a piece of glass tube, terminating in a Bun¬
sen caoutchouc valve, permitting egress of
steam, but not allowing air to enter (Lunge).
After from 15 to 00 minutes the liquid be-
comes of a clear bright yellow, and the un-
oxidised ferrous sulphate is determined by a
semi-normal permanganate solution (yielding 4
grms. oxygen per litre). If V be the volume of
air aspirated after réduction to 0°C. and 760 mm.,

X the number of c.c. of normal sulphuric acid
(49 grms. H2S04 per litre) used for the neutrali¬
sation of the excess of alkali in the first titra-
tion, y that of permanganate used during the
second test, and z the quantity of permanganate
équivalent to the iron solution originally em-
ployed, then the total acidity expressed as S03,
the sulphur S, and the nitrogen N, are respec-
tively given by the formulae

Grms. per cubic metre
0-12(100—œ)

V
Total acidity S03 = ^

Sulphur .

Nitrogen .

q _ 0-008(600 — 6x — z + y)b
y ^

K_ °'°07 (g--v)
v '

Total acidity1 . SOa

Sulphur

Nitrogen

Grains per cubic foot
_ 1-852(100 —z)

V .

_ 0-12346(600 + 0x-z + y)

>T_0-10803 (z-y)
Nitric oxide is estimated by passing the

gases that have already passed through the four
bottles through an absorption tube containing
30 c.c. of semi-normal permanganate and 1 of
sulphuric acid, sp.gr. 1-25. A known quantity
of standardised ferrous sulphate solution is then
added in excess, and the excess back-titrated by .

the same permanganate. If the permanganate
reduced by the nitric oxide thus formed be called
A, the nitrogen présent as nitric oxide is given
by the formulae :

Grms. per cubic metre
w -007 x A

3V

Grains per cubic foot
>T .0-10803 x A

3V

In the gases freed from nitrogen and sulphur
eompounds by passing through these absorbents
the percentage of oxygen is found by analysis in
Orsat's apparatus (v. p. 725).

Experiments have been made by Lunge on
the best forms of absorbing apparatus for the

Fig. 14.

détermination of nitrous fumes in exit gases ;
with the resuit of showing that a 10, or prefer-
ably 15, bulbed tube (fig. 14) is the most effective
and convenient.

W. Crowder finds (S. C. I. 1891, 285) that
the amount of oxygen présent in the gases pass¬
ing out of the Gay-Lussac tower is always slightly
in excëss of that in those passing in, as de¬
duced from monthly averages extending over a
considérable period, the incrément being about

1 According to the Alkali Act, 1881, the total acidity
must not exceed 4 grains S03 per cubic foot of
measured at 60°F. and 30 inches.
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0-25 p.c. on the average, the gases ultimately
passing out containing 5 to 5-5 p.c. Lunge ex-
plains this by supposing that air was drawn
into the exit tube through some leak.

The quantity of nitrous anhydride présent in
the nitrous vitriol formed in the Gay-Lussac
tower rnay be estimated by means of potassium
permanganate, but is most conveniently deter-
mined by means of Lunge's nitrometer (fig. 15),

the nitrogen compounds being converted into
nitric oxide by the action of mercury, and the
volume of gas produced read olï ; preferably the
nitrometer is conneeted with a ' gas volumeter'
(Lunge, B. 1890, 440), whereby ail calculations
are rendered unnecessary. The following table
represents the quantities of various nitrogen
compounds in milligrams corresponding with
1 c.c. of nitric oxide at 0° and 760 mm.:

NO N NO N„Oa NaOs NO„H NO„K N0,Ka I

1 c.c. . 0-627 1-343 1-701 2-417 2-820 4-521 3-805
2 „ . . 1-254 2-686 3-402 4-834 5-640 9-042 7-010
3 „ . . 1-881 4-029 5-103 7-251 8-460 13-563 11-415
4 „ . . 2-50S 5-372 6-804 9-G68 11-280 18-084 15-220
5 „ . . 3135 G-715 8-505 12-085 14-100 22-605 19-025
6 „ . 3-702 8-058 10-206 14-502 16-920 27-126 22-830
7 „ . . 4-389 9-401 11-907 16-919 19-740 31-647 26-635 ,
8 „ . .

5-016 10-744 13-608 19-336 22-560 36-168 30-440
9 „ . . 5-643 12-087 15-309 21-753 25-380 40-689 34-245

A modified form of this apparatus is more
convenient for the détermination of the nitro¬
gen in nitre (S. C. I. 1882, 15) ; the direct
estimation of the nitrate présent is obviously
préférable to the usual method of determining the

' refraction,' or sum of impurities (moisture,
chloride, and sulphate), and reckoning the
balance as pure nitrate of sodium.

Glover tower. The idea of employing the
waste heat of the pyrites and sulphur burners
for the concentration of chamber acid is in itself
a very old one. The earlier evaporating pans
used for this purpose differed in no essential
features from ordinary open coal-fired pans ;
but were far from generally adopted, on account
of various inconveniences attending their use.
Attempts to utilise the principle of a serubber
in this way were made by Gossage and others,
but without any great measure of sueeess. Thus,
in 1843, a coke serubber was employed by
Muspratt,but failed on account of firing through
the high température. Glover, however, suc-
ceeded in arranging an appliance free from this
objection by using flints or other incombustible
matters as packing, and so effected a threefold
economy by diminishing the fuel required to
raise steam, restoring to the chambers nitrous
fumes absorbed in the vitriol, and rendering
a cooling pipe unnecessary and thus making
the température of the gases less variable with

the weather. Kurtlier advantages also resuit
from the use of a properly proportioned tower
worked suitably (r. infra). Unlike manv
other improvements, Glover's perfected tower
was not patented; so that when working de¬
scriptions of the détails havenot been accessible,
unsatisfactory results liave been occasionally
obtained by manufacturers who endeavoured to
utilise the principle, but did not employ the
materials, arrangements, and proportions best
calculated to efïect the purpose.

Owing to the higher température of the
gases, Glover towers must be far more strongl;
built than is necessary for Gay-Lussac towers,
which in other respects they greatly resemble,
the main différence being that the lead employé!
is much thicker, a stoutness of 20 to 25 lbs. per
square foot in the upper part, and double this at
the base, being often used. A thick lining of tire-
bricks capable of resisting both heat and strong
acid is employed, more especially at the lowest
part, where the heatis greatest; whilst the pack¬
ing consists of flints or analogousmatternotdi--
integrated or dissolved by hot and strong acid,1
coke being inadmissible in the botter lower
portion, although it may be used in the cooler
upper part. There is always, however, some
chance of the coke firing should the acid f»l
run short by any accident ; whilst the reducinj
action of the coke on the higher oxides of nitro¬
gen is not inappréciable. Moreover, the issuin;
acid is apt to be browned for some time afler
first setting up the tower, although by-and-by
this ceases (fig. 16). The heightisgenerally much
less than that of the Gay-Lussac tower, from 21
to 30 feet, whilst the interior cross-section i-
proportionately greater, so that the cubic
capaeities of the two do not widely differ. Tins
a Glover tower 9 to 10 feet square, and 25 to
30 high, containing 2,025 to 3,000 cubic feel,

1 In America, a particular kind of quartz roct iî
successfully employed, not only for the packing proper,W
also for the grating supporting tlie packing ami for C
lining, the latter being préparé! by carefully filling in
creviees with quartz lumps of différent sizes downtocora
powder so as to render the layer of packing ncxt to r-
lead almost impervious to gas currents. Specially m-
siliceous acid-proof bricks or cylinders, glass bottles lift
the bottoms knocked out, and similar materials iiave al1
been successfully used.
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will suffice for a set of chambers containing
140,000 to 200,000 cubic feet, the capacity ratio
being about 12 to 15 per mille. From 550 to
GOO cubic feet per ton of sulphur burnt daily is
a proportion frequently employed, the spaee
occupied by the fire-brick lining and Oint pack-
ing not being taken into account. If 20 cubic
feet of chamber-space be allowed per pound of

550
sulphur burnt daily, tliis représenta ——

ZUX ZZ4U

to ——— = 12'3 to 13'4 per mille.
20 x 2240 *
The gases enter from the burners and pass

upw&rds through a grating of fireclay slabs or
groined arches ; at the top the acid to be evapo-
rated and denitrified is introduced by a dis-
tributing arrangement. Usually the nitrous
vitriol from the Gay-Lussac tower and the
chamber acid enter together ; the larger the
proportion of the latter, the more rapid the de-
nitrification, but the less concentrated the acid
running out hot at the base. With 48 p.c. ore
the heat of the gases is usually sufïicient to con-
centrate ail the acid made (including that used
in the Gay-Lussac tower) up to 145-150° T\v.,
and often to still greater strength ; the more
concentrated the acid, as a rule the less com¬
plété is the denitrification. When practieable
the tower is arranged so that the vitriol
to be treated flows into it from the chambers
and Gay-Lussac column by gravitation, witliout
pumping. Before being employed again in the
Gay-Lussac tower the concentrated acid requires
cooling. This is usually effected by passing it
through a sériés of leaden tubes passing through
a tank or trough of water (v. p. 758). In sorne
Works the burner gases passing through the tower
are already charged with nitrous fumes from the
nitre-pots ; in others only non-nitrous burner
gases are used, the nitre-pot vapours being led
into the chambers by a différent tunnel, so that
the whole of the heat of the gases is not utilised.
When nitric acid is used, it is sometimes fed in
along with the chamber acid at the top of the
tower ; and when contamination of the acid
with sodium sulphate is of no conséquence, the
nitreitself is sometimes fed in this way, dissolved
in a minimum of water. Crystallisation of
sodium acid sulphate and conséquent blocking
of the tower are said to be occasionally caused
by this mode of working ; apart from this de-
fect, this mode of working is convenient when
the acid is required for salt-cake making. In
this case the bulk of the acid passed through
the tower is only concentrated to about 140°Tw.,
that strength sufficing for the décomposition of
sait. Only that proportion required for use in
the Gay-Lussac tower is brought to a higher
strength; or, if more be thus prepared, it is
diluted down to 140° or so with chamber acid.

Formerly Glover towers were invariably
built square, with stout wooden external seaffold-
ing to support the tanks of acid on the top ; of late
years polygonal and circulai' towers have come
into use. It is usually convenient to build the
Glover and Gay-Lussac towers side by side, the
former standing on a considerably higher foun-
dation so that the tops are at the same level.
The inspection and control of the two towers is
thus much facilitated.

Occasionally, instead of Glover towers, other
arrangements are employed to denitrate the

Fio. l(i.

nitrous vitriol obtained in the Gay-Lussao
columns. A denitrating tower is nsed at Frei-
burg, consisting of a stout leaden cylinder lined
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internally with bricks soaked'in tar, and filled !
with silica bricks or other lumps o£ siliceous
matter. Steam is blown in at tlie base, whilst
tbe nitrous vitriol runs in through a tunnel, tlie
nitrous fumes passing off to tbe chamber through
a flue at the top, and the dilute acid running
away through the pipe at the bottom. Earthen-
ware vessels, working in much the same fashion,
are sometimes employed.

It is usually considered that in order to
bring about effective absorptiqn of nitrous fumes
the acid used in the Gay-Lussac tower must
be well cooled down, about 2ô°C. being the
best working température. W. Crowder (S. C. I.
1891, 295) dissents from this view, fiuding,
by direct experiment, that acid of 150°Tw.
at near 100°C. absorbs nitrous fumes almost
as rapidly as when at the ordinary tempéra¬
ture, when these fumes are much diluted with
inert gases, as is usually the case in practice ;
if, however, the acid be hot, more rapid
corrosion of the lead is apt to be brought
about.

Function of the Glover tower. In addition
to the advantages above stated (saving of fuel in
steam raising, restoration of nitrous fumes to
the chamber, and diminution of température
fluctuations in the entering gases), the Glover
tower is found to exert a marked influence on

the conversion of sulphur dioxide into vitriol,
this conversion taking place in the tcnver itself
to a much larger extent than in any part of the
chambers of the same cubical space. This
partly arises from the cireumstance that in the
kilns a certain amount of sulphur trioxide is
formed, wliich is filtered out, so to speak, in the
Glover tower, thus causing a material diminu¬
tion in the quantity of oxides of sulphur pass¬
ing out of the tower, as compared with those
entering it; but the sulphur bumt to sulphur
trioxide présent in ordinary burner gases only
amounts to a few per cents, of that burnt to
dioxide, whilst of the sulphur bumt in the kilns
from 15 to 25 p.c. is retained in the Glover tower
in the form of vitriol, so that at least from 10 to
15 p.c. of the sulphur burnt to dioxide becomes
converted into vitriol in the tower. Scheurer-
Kestner found by actual measurement that
17"5 p.c. more vitriol came out of a Glover
tower than was put into it, of which about 3'5
p.c. was due to S03 in the gases.1 E. Sorel
(Bull. Soc. Ind. Mulhouse, 1889, 240 ; also
S. C. I. 1890, 175) has investigated this point
carefully, and finds that it is due to the accumu¬
lation and circulation of nitrous fumes in the
tower. The acid entering at the top dissolves
nitrous fumes, and carries them down with it
until denitrated ; the nitric oxide evolved during
this last opération becomes oxidised and ascends,
and is in part re-absorbed by fresh acid entering

1 Admitting that tlie cubic contents of the tower are
about 550 cubic feet per ton of sulphur burnt daily, whilst
the cliamber-space is about 40,000 cubic feet, it results
that if ii of the total vitriol is made in the tower, 550
feet of tower-space are as effective as 8,000 of cliamber-
space i.e. tlie tower is more than 14 times as effective
as the same amount of cliamber-space. When allowance
is made for the space occupied by tlie lining and pect¬
ine, and for the fact that nitrous fumes are only libe-
rated in the upper lialf of the tower, it results that the
active space in the tower is at least 100 times as efficient as
the same volume of cliamber-space ; from 180 to 224 times
as efficient, according to Lunge (' Sulphuric Acid,' 1891, p.
«01).

the' tower and brought down again, and thus
made to act over and over again ; so that at any
given instant the amount of nitrogen oxides, ic.,
présent in the active zone of the tower is far
greater than that due to the amount of nitre
used, together with the nitrous fumes contained
in the Gay-Lussac acid, relatively to the sulphur
dioxide présent. The more eoncentrated the
acid introduced into the tower, the larger is the
zone of denitrification and the better chance
the nitric oxide has of being re-oxidised and
absorbed so as to be carried down again; if,on
the other hand, the acid be weak, a rapid dimi¬
nution is brought about in the amount of nitrous
fumes in circulation in the tower, and a much
smaller vitriol production is brought about there-
in. But even when the acid is eoncentrated the
resnlt is not satisfactory if the top part of ihe
packing is cold, as the acid becomes diluted by
absorption of aqueous vapour. Three causes
produce such cooling action : (1) the tower may
be too sruall in sectional area, in which case the
acid falls in large quantities on the first layers
and cools them ; (2) the tower may be too high,
so that the gases get cooled too much before
reaching the top ; (3) the tower may be exposed
to wind. As regards this last cause, a greatim-
provement in the working of a Glover tower has
been found to resuit when it was shielded from
the wind.

Cooling of eoncentrated tower acid. Acid
eoncentrated in the Glover tower or otherwise
must be cooled before use in the Gay-Lussac
tower ; various forms of cooler are in use, gene-
rally constructed of lead, which métal has a very
low condueting power.

W. Crowder gives the following température
as the average successive falls observed Bhen
acid at about 280°E. passed through an open
cooler 41 feet long with 12 double charnels
for acid, so that the acid traversed nearly 500
feet. Through the interspaees betweeu the
double channels water passed in the opposite
direction, as also under the bottom of the cooler
(S. C. I. 1891, 295). At first the fall to 2M
was rapid, but subsequently mueh slower. l;ro»
210° downwards the falls in température were

Fall after passing along lst chaunel, 15°F.
2nd „ 15°
3rd „ 17°
4th „ 13J
5th „ 7°

,, ,, Cth ,, 0°
7th „ 8°
8th „ 3°
9th „ 5°

lOth „ 4°
B. E. R. Newlands proposes (S. C. 1.188).

10) to make the end of the cooling apparatusc:
copper, so that the further cooling of the par-
tially cooled acid may be more quickly effectei
in virtue of the high condueting power ci
that métal ; corrosion is not likely to occur, is
the vitriol is denitrated ; strong acid has s:
little effect on copper that drums of that mets:
may be conveniently used for its transport.

Usually the tower acid contains a notais
amount of ferrie sulphate &c. in solution whfe
hot, mostly deposited on cooling as a crus:

j this cireumstance renders open coolers prêta-
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tible to those wliere the liot aoid passes through
pipes cooled externally, the crust being more
easily removed when necessary.

10. Purification and Concentration, Ail
pyrites acid, especially when concentrated by
the Glover tower, invariably contains more or
less iron, arsenic, and other substances derived
from the pyrites employed, in addition to lead
sulphate produced by the corrosion of the charn¬
iers. Occasionally the chamber acid is treated
with reagents for the purpose of removing im-
purities, more especially arsenic ; e.g. it is
heated with common sait, whereby arsenic is
volatilised as chloride ; or is treated with métairie
sulphides, or thiosulphates, or with sulphuretted
hydrogen, whereby arsenic is precipitated as sul-
phide. When nitrous compounds or nitrie acid
are présent, it is désirable to remove them before
concentrating the acid to 0. V. in platinum
vessels, otherwise corrosion is brought about ;
this is most conveniently effected by heating
with ammonium sulphate, whereby nitrate or
nitrite of ammonium is formed, decomposed
entirely by beat, with évolution of nitrogen as
such or as nitrous oxide. Non-volatile impuri-
ties are best removed by distillation of the con¬
centrated acid ; a certain proportion is often
removed during concentration, being less soluble
in the stronger acid, and so thrown out of solu¬
tion. Lead sulphate behaves in the opposite way,
being precipitated on dilution.

Before the invention of the Glover tower,
chamber acidof 110° to 120°Tw.was ahvaysevapo-
rated down, in order to concentrate it, in leaden
pans, until the sp.gr. rose to about 145-150°,
when the action on the lead became too rapid for
further continuance. Such pans are still in use
to a considérable extent ; when contamination
with substances derived from the fuel is imma¬
tériel they are heated by passing the flame over
the liquid (top-firing) ; in other cases they
are heated from below, the lead being pro-
tected from direct contact with the flame by
iron supporting plates. Waste heat from various
sources is often utilised for heating the pans ;
in some works they are mounted on the top of
the kilns, or the gas flue proceeding therefrom,
so as partly to utilise the heat of combustion of
■the sulphur burnt. For this purpose Glover
successfully employs a large platinum dish
placed inside the gas flue, a constant stream of
weaker acid running in, whilst acid at 140°Tw.
continuously passes out. L. Kessler leads a
current of heated air through the acid contained
in an apparatus of lead and stone ; according to
Hasenclever, this arrangement is in use at Cler-
mont-Ferrand with satisfactory results. High
pressure steam passing through leaden coils or
multitubular evaporating pans is sometimes em¬
ployed instead of directly fired pans. To "obtain
0. V., glass or platinum stills are employed, acid
concentrated by the Glover tower, or in leaden
pans,being introduced and subjected to heat until
the great bulk of the water présent is evaporated,
little or no acid passing over until the last stages
of the opération. In this way an acid containing
about 98 p.c. of actual H2SÔ4, with some 2 p.c.
of surplus water, is obtainable (although some-
vhat less concentrated acid,. 93 to 95 p.c., is
usuallyprepared) ; but heat alone will not produce
any further concentration, acid of this strength

boiling and condensing again unchanged. Till
comparatively recently, a separate still was em¬
ployed for each batch of acid worked, a number
of retorts being arranged in a bench and
worked simultaneously, each being filled up
with the weak acid and heated until sufïicient
concentration by evaporation was attained, when
the heat was withdrawn and the hot acid
siphoned off into carboys through a platinum
siphon provided with an outer jacket through
which water circulated, .so that the acid was
sufliciently cooled by passing through ; with
glass retorts (set in sand baths) draughts of cold
air must be scrupulously avoided, especially
towards the close of the opération, otherwise
great loss by breakage is apt to be occasioned,
the retorts readily cracking when hottest. A
much better method is the continuons System of
Gridley, consisting in arranging a sériés of
evaporating vessels at slightly différent levels,
each being connected with the next lower one
by a siphon, so that when weak acid is run
in to the top one, entering at its highest
part, the partly-concentrated heavier acid
passes through the siphon into the next,
and so throughout the sériés, concentrated
O. V. emerging from the last one of the sériés.
In this way a slow continuons stream of acid is
ailowed to enter at the top, while a continuous
discharge of rectified 0. Y. goes on at the
bottom.

G. Veitch has patented (S. C. I. 1889, 983)
the use of a sériés of flat-bottomed glass retorts,
arranged one above another on a stepped terrace
placed within a fire-flue, and so connected to-
gether by means of tubes that the acid fed in in
a constant stream at the upper end travels
through the whole sériés, passing out from the
lowest retorts highly concentrated. The flue is
tapered, the fires being placed at the lowest and
widest end ; the necks of the retorts are covered
by asbestos millboard, to shield them from
draughts, and pass into a flue.

Négrier has patented (S. C. I. 1891, 46) a
similar arrangement, where porcelain dishes are
used instead of glass retorts, the lip of one dish
projecting over the next below in the sériés, so
that the acid enters at the top and gradually
flows through the sériés of dishes downwards.
Two sériés of dishes are mounted side by side,
fed from the samesupply cistern, each dishrest-
ing on asbestos tissue, and surrounded by sand
up to the level of the upper rim ; the sup¬
porting shelves are of iron. Kretzschmar re¬
ports on the Négrier system very favourably as
regards economy, but adds that the plant
requires more space and attention than platinum
stills.

Platinum stills are rapidly acted upon by
vitriol when traces of nitrous acid are présent ;
but when freed from that impurity by boiling
with ammonium sulphate, the rate of corrosion
beeomes so slow as to be almost inappréciable
(Scheurer-Kestner). Platinum-iridium (con¬
taining 10 p.c. of iridium and upwards) is much
less readily affected than pure platinum. The
loss of platinum by corrosion has been variously
estimated at from 0-5 to 5-0, or even 10-0 parts,
per 1,000 of 0. V. made in the still, according
to the purity of the acid concentrated and the
state of the platinum surface, new smooth
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■vessels being much more slowly attaeked than
olçl eorroded ones.

W. C. Herseus (Cbem. Zeit.Rep. 15, 36 ; also
S. C. I. 1891, 460) found that platinum-iridium
alloys containing respectively -01, 5-0, and 100
p.c. of iridium, are affected by hot sulphurio
acid in the relative proportions 100, 73, and 58,
when sheets of these alloys are allowed to re¬
main for 40 days in a concentration apparatus,
making 98 p.c. acid. Pure platinum, commer¬
cial platinum containijig 0-5 p.c. iridium, 10
p.c. platinum-iridium alloy, and pure gold, in
another similar sériés of experiments, lost re¬
spectively 100, 90, 58, and 13 parts by weight.
Accordingly, gold solder would seem to be pré¬
férable for the construction of apparatus. A
process has been patented for covering the sur¬
face of platinum vessels with a compact adhe-
sive layer of gold ; this is effected by heating
sheet platinum to a température above the melt-
ing point of gold and pouring melted gold over
it, the resulting compound sheet being then rolled
out to any required thickness (Patent 2,499,
1891). Notwithstandingthehigherprice of gold,
the diminution by corrosion during use offers
considérable pecuniary advantage. Several large
German works have adopted this System. Lunge
states (S. C. I. 1892, p. 522) that the experience
gained in theseworks indicates that theadditional
cost of a Herœus still is paid for in from one to
two years by the saving in platinum and repairs.
Ordinary gilding is too porous to be of any prac-
tical value.

A number of other arrangements for
working continuously have been proposed by
différent inventors, the concentration being
effected by some in glass vessels ; by others in
platinum ones of varying shape, preferably with
corrugated bottoms ; by others in east-iron re¬
torts. In the last case, whilst the final concen¬
tration is thus practieable, inasmuch as acid
approaching towards the strength of S04H2 has
little or no action on iron, weaker acid cannot
be successfully evaporated in this way on account
of the corrosion brought about ; the final acid,
however, is not seriously contaminated with
iron, inasmuch as the sulphate mostly separates
as an insoluble precipitate as the acid becomes
fully concentrated.1

The formation of this precipitate similarly
oecurs when chamber acid is concentrated in
leaden glass or platinum pans and stills, more
especially when Glover tower acid is used, owing
to the greater proportion of iiue-dust then pré¬
sent in the gases ; the crusts thus formed in
platinum vessels require periodical removal (by
solution in hot water), otherwise the platinum is
rapidly destroyed.

When acid of higher strength than ordinary
O.V. of 94 to 95 p.c. ILS04 is required (e.g. in the
formation of nitro- compounds such as gun cotton
and in the manufacture of certain organic sul-
phonie acids), one method adopted is to add
fuming acid in such quantity that the free sul¬
phurio anhydride in the lattermay just suffice to
convert ail the surplus water in the O.V. into
monohydrated acid H2S04 ; another, due to
Lunge and Marignac, is to freeze out mono-

1 Iron drums for the transport of O. Y., as well as of
fuming acid, can similarly be employed instead of glass
carboys.

hydrated acid from commercial O.V. by suitably
chilling it, separating the erystals from the fluid
portion, and thawing the former. The former is
a much more costly opération than the latter ;
thus taking Lancashire marketprices for 1889—
viz. 21.15s. 6d. for 95 p.c. O.V. and 131. for fuming
acid containing 50 p.c. S03—Lunge calculâtes
(' Sulphuric Acid,' 1891, 2nd ed. p. 738), that as
4-44 parts of the latter are requisite per 100 ot
the former, or 8-88 cwts. per ton, the cost of the
H,S04 thus prepared is 51.17s. 8d., or more than
double that of the original O. V. ; whereas the
freezing-out process adds on far less to the cost.1
This manufacture is thus carried out by the Malé-
tra Company, who have obtained the monopoly
for Prance. The acid is first concentrated in
the ordinary way, preferably up to about 97 p.c.,
as then the mother-liquors eontain about 95
p.c., and can be sold without requiring further
concentration. A pipe provided with a tap con-
nects a filling machine with a réservoir of con¬
centrated acid at a higher level ; this machine
has a capacity just equal to that of each set of
crystallising cells, and is divided into as many
compartments as there are cells in the set, each
eompartment being connected with a correspond-
ing cell by a pipe, the end of which almost
touches the sloping bottom of the eompartment,
passing upwards through an air-tight cover to a
height slightly above that of the acid in the
réservoir, and then bending downwards, ending
above the crystallising cell. When the cells are
not being filled, the exposed end of the pipe is
elosed by a dripping vessel. The machine is
filled by gravitation from the réservoir, and then
by means of compressed air the acid is forced
over into the cells, each of which holds about
12| kilos, of acid ; these areplaced in a solution
of calcium chloride cooled by a refrigerating
machine to — 20° C. The acid, frozen into
blocks, is loosened from the sides of the cells by
dipping them for an instant into hot water, the
blocks being then broken up by an Archimedean
screw, drained by a hydro-extractor, melted, and
packed for transport. Acid of 100 p.c. H.S0, is
thus readily obtained (Osterberger and Capelle,
Bull. Ind. Soc. Bouen, 1889, 307 ; Chem. Ind.
13, 48 ; also S. C. I. 1890, 390 and 507).

A similar arrangement has been patented
in Britain (S. C. I. 1888, 209) ; the freezing
cells are filled from a ' charging box,' divided
into compartments, the acid being expelled
by compressed air simultaneously from each
eompartment into the cell in connection with
it ; by means of a crâne the cells are moved
into the freezing tank, which contains a number
of rows of cells. The row that has been in
longest is lifted out, each other row moved a
step forward, and the row of cells to be intro-
duced placed in the last vacant position.

1 Exact détails as to the actual cost of freezing out de
not appear to have been published. Majert andMesselliave
patented (Mardi 26, 1873) a peeulîax method for effecting
the concentration of chamber acid, consisting of a kind of
wasliing of the pyrites burner gases with limited quantifies
of acid, wliereby the snlphur trioxide présent is converted
into sulphuric acid by the excess of water in the acid. Of
course tlie resulting product is apt to be reudered highly
impure from tlle arsenious oxide, dust, &o., carried over
along with the gases from the burners, besides being satu-
rated witli sulphur dioxide ; concentrated acid thus prepared
does not seem to have found its way into the market to any
great extent.
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Solidifled sulphuric acid [consolidated acid).
The transport of oil of vitriol, whether by land
or sea, is attended with considérable risk of
damage by leakage from the containing vessels ;
accordingly, very high rates of freiglit are usually
charged, rendering the substance much more
costly at a distance from the faetory than would
be the case with a less destructive material.
To obviate as much as possible the danger of
leakage, various proposais have been rnade, and
to some extent oarried into practice, for ' con-
solidating ' the acid into a nearly solid mass by
the addition of some suitable solid material that
will not interfère with the subséquent uses of
the acid. For this purpose Vorster and Grûne-
berg use Tcieselgii.hr, such as is employed in
the dynamite industry for ' solidifying ' nitro¬
glycérine. Oil of vitriol mixed with 25-30 p.c.
oi kieselguhr becomes completely solidifled, so
that it can readily be transported by land or sea
in lead-lined iron vessels without risk of damage
through leakage (S. C. I. 1884, 134, Germ. Pat.
24,748, June 3, 1883). On adding water and
allowing to settle, the kieselguhr subsides, and
may be colleeted for use over again ; whilst a
diluted acid is obtained available for aerated-
ivater manufacture, évolution of chlorine from
bleaching-powder for treating auriferous quartz,
and such-like purposes. White and liickmann
(Eng. Pat. No. 17,095, 1887) similarly employ
various saline substances, such as alkaline sul-
phates and sulphate of calcium ; on ultimately
treating the consolidated acid with water,
these solidifying agents either subside like
kieselguhr, or dissolve with the acid, their
presence in the solution not interfering with
the use of the fluid for aerated-water manu¬

facture, &c. By heating mixtures of sul¬
phuric acid and proportionate quantities of
sodium or potassium sulphate so as to drive
off excess of water, substances are obtained
capable of setting hard on cooling, and crystal-
lising so as to form masses readily transported
from place to place without dilïiculty or risk.
Accorcling to Giles, Roberts, and Boake (Patent
Spécification 11,979, 1890), a ' pentasulphate '
of sodium can be thus formed, having the com¬
position Na,0,5S03,3H20, or anhydrosulphate
of sodium combined with sulphuric acid,
Na20,2S03,8H2S04. Brindley (Patent Spécifi¬
cation 17,796, 1891) obtains analogous eom-
pounds by either using somewliat less acid or
not heating so strongly, the following boiling
températures corresponding with the annexed
compositions :

„nnor / NaHS04,H,SO.„H„O
I KHSO4,H.,SO„H„O

9(,ft0p f 2NaHS04,2H„S04,H.,O
\ 2KHS04,2H,S04,H,0
f 2NaHS04,3H,S04

qfl0r J 2KHS04,3H.,S04"JU ! NaHS04,H,S04
i KIIS04,H.,S04

A substance of the composition of the so-
called ' pentasulphate of sodium ' would furnish
on treatment with water free sulphuric acid,
H,SO„ équivalent to nearly 76 p.c. of the mass
employed—i.e. 5 parts by weight 'of this sub¬
stance would be équivalent to 4 parts of ordi-
nary oil of vitriol for aerated-water making and
such-like purposes. The préparation. of this

form of solidifled sulphuric acid has been re-
cently decided to be covered by White and
lîickmann's patent.

11. Practical yield of vitriol, and losses
during manufacture. From 100 parts of sulphur
charged into kilns as brimstone or pyrites, less
than the quantity of vitriol chemically équivalent
thereto is actually obtained, unavoidable losses
being experienced due to the following causes :

1. Sulphur is retained in the ashes or cinder
as sulphide, sulphate &c., and sublimes unburnt.

2. Loss occurs by leakages of gas during re-
charging and working the kilns, re-potting, exist¬
ence of leaks and crevices in the walls of chambers
and tunnels &c. ; leakage of liquid vitriol from
chambers, siphons, tanks, &c. ; and accidents of
various kinds difficult in practice wholly to avoid
for long periods together.

3. Sulphur escapes in the exit gases, either
through imperfect conversion of sulphur dioxide
into vitriol, or by incomplète filtering out from
the gases of suspended vesicles of vitriol, &e.

Of the three sources of loss the first has been
already partly discussed (pp. 720 et seq.). With
Spanish pyrites, from 5 to 6 parts of sulphur out
of 100 charged into the kilns are usually left in the
cinder, taking the average burning throughout
the year, although a somewhat smaller propor¬
tion may be often left when no dérangements of
working occur and everything is going to the
best advantage ; with inferior ores much larger
amounts relatively to the sulphur charged into
the kilns are uniformly left in the cinder, up
to 15 parts in 100, or even more in extreme
cases. When sulphur sublimes, some portion
condenses in the Hues as sublimate, and is
ordinarily lost ; part finds its way into the
chambers, and if the vitriol made is subsequently
submitted to heat, causes a conversion of sul¬
phuric acid into sulpliurous acid by the re¬
action S + 2S04H,= 3S02 + 2H..0.

The sulphur dioxide thus formed is not lost
if the change takes place in a Glover tower ; but
if in an ordinary evaporating pan, one équiva¬
lent of sublimed sulphur causes the loss of two
équivalents of previously formed sulphuric acid
in addition.

The second source of loss almost entirely
dépends on the nature of the plant used, and
the skill employed in working it ; the loss by
leakage through faulty joint, crevices, corrosion,
pinholes, &c., is but slight when the chambers
are new, and does not amount to any considér¬
able fraction of the make for some years if they
are continually examined and kept in a state of
thorough repair. But after some years use, no
amount of patching can keep pace with the
formation of lioles through corrosion ; not only
are gases and even liquid vitriol thus lost from
within, but much air is drawn into the chambers,
diluting and cooling the gases and impedipg
their reaction, and diminishing the yield by
increasing the loss from cause No. 3 unless a pro-
portional réduction in sulphur burnt is made.1

A. Burgemeister (Chern, Zeit. 13, 1633 ; also
S. C. I. 1890, 66) has made various measure-
ments of the rate of diminution in thickness of

1 Mactear found that whilst 7 to 7*5 p.c. of oxygen in
exit gases was observable with tolerably new chambers, the
proportion rose to 11 through leakage of airimvards as they
grew very old.
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the lead ; in the case of a No. 1 chamber, during
120 months, the thickness of the walls was

originally 3-4 millimétrés, and at the end of the
period averaged 2-8, the diminution being at the
rate of 6-84 kilos, per square metre : here the
température was 65° to 90°C. In the case of a
No. 2 chamber the original thickness was 2-57
millimétrés, and after 210 rnonths' working (not
including 75 months lying idle), the average
thickness was 1-88 millimétrés, or 7*86 kilos, per
square metre.

Average monthly loss, No. 1 chamber, -0570
kilos, per square metre.

Average monthly loss, No. 2 chamber, -0374
kilos, per square metre.

Those parts of the walls in contact with the
acid lying in the chambers are most acted upon,
holes being eaten through in places. Next corne
the parts where the lead overlaps, and the wooden
framework prevents its cooling. When the seams
are burnt from the inside, an overlapping strip
is left outside, and in such places the inner
thickness of lead is soon eaten through and the
seams leak. If, on the other liand, the seams
are burnt from the outside, they do not leak
until the outer sheet is also eaten through. The
floor is the part of the chamber least acted on,
the acid covering it not corroding the lead as
rapidly as the gases, on account of the lower
température (40°-50°C.).

Practice differs much amongst manufac¬
turera as to how long it is possible to work a
chamber economically ; some consider that
10 to 12 years' good work can be got out of
a chamber, or even more when brimstone is
burnt. Lunge states that on the Continent,
where vitriol chambers are not so much strained
as is usually the case in England, 20 or even
30 years' duration is possible. Others regard
it as more profitable in the long run to rebuild
after 7 or 8 years' working at the most, or even
5 years, espeeially the first chamber of a sériés ;
considering that the çost of repairs that would
be necessary did the chambers stand longer, the
injury to other plant through leakages, and the
larger loss through diminished make and yield,
would more tlian counterbalance the cost of
earlier re-erection. Obviously, no général rules
can be laid down in such cases ; what might be
defensible and even wise under certain condi¬
tions, might be a most detrimental policy under
others.1

As regards the third source of loss, the
amount of incomplète conversion mainly dé¬
pends in the first place upon whether Gay-
Lussac and Glover towers are used or not. If
they are used, then the amount of escaping
Eulphur dioxide cannot possibly amount to more

1 "When profits are eut down to a minimum, as in the
Leblanc process with its aliied industries, and espeeially
when the output is limited by considérations of trade
policy, obviously it will answer best to diminish ail sorts of
working losses as much as possible, ratlier tlian to attempt
to make a larger quantity with somewhatincreased amounts
of loss through déficient yield &c. ; but, under other condi¬
tions, it may ofteil pay better to sacrifice a smail portion of
the yield, and obtain a larger total output. Thus, to take an
çxtreme illustration, it would be less profitable to sell 100
tons weekly of a given article when the total cost of produc¬
tion was only 95 p.c. of the selling price, tlian it would to
sell 150 tons weekly when by reason of diminished yield &o.
the cost of production was raised to 96 p.c. of the selling
price, assumed to be the same as before ; the total prolits
in the two cases being as 5 x 100 to 4 x 150, Le. as 5 to 6.
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tlian about 2 p.c. of that équivalent to the sulphur
burnt, otherwise an enormous loss of nitre is
also occasioned through formation of abnormally
large amounts of nitric oxide not absorbed in
tlie Gay-Lussac tower ; with proper working in
tliis respect the loss by incomplète conversion
of sulphur dioxide into vitriol may be brought
down well below 1 u.c. for considérable periods
of time together, and, even taking into aeconnt
unavoidable accidents and dérangements of
plant and extra losses on re-starting after
repairs &c., may be reduced to distinctly less
tlian 2 p.c. one year with another. But, to effect
this, firstly an amount of chamber-space of 18
to 20 cubic feet at least per 1 lb. of sulphur
burnt (as Spanish pyrites) per day is requisite;
nextly, the state of repair of the chambers
must be efficient, and the Gay-Lussac column
well proportioned and packed and carefully
worked; thirdly, a considérable amount of
highly-skilled supervision must be exercised;
and fourthly, an adéquate proportion of nitre
must be employed, inereased or diminished as
occasion requires from time to time so as always
to preserve the proper working proportion of
nitrous fumes in the chambers, this proportion
of nitre averaging one year with another usually
over 3 parts per 100 of sulphur burnt, although
at times it may be reduced to 2-5 or even below
2. Under such conditions 100 parts of sulphur
charged into kilns may be aceounted for thus :
Left unburnt in cinder . 5 to 6 parts
Accidents, leakages, and defec-"j

tive conversion, stoppages for l 2 to 3 „

repairs, &c. J
Yield in the form of cliamber ) , ni

acid .... |93to91 „
100 100

the yield of chamber acid for shorter periods
under the most favourable circumstances reach-
ing as high as 94 or even 95 p.c. ; with, of
course, proportionate amounts of falling off to
90 or even 85 p.c., when inferior pyrites is used,
and aceording as the condition of the plant and
working generally are further removed from the
highest state of efficiency. The season of the
year somewhat influences the yield by affecting
the mean température of the chambers. Aceord¬
ing to Lunge, in the warmer elimates, even with
efficient chamber-space, the yield during the
summer months is always some 3 p.c. less than
that in winter.1

When Gay-Lussao and Glover towers are not
used, the proportion of sulphur acids escaping
in the exit gases is always greater tlian when
they are used ; with an amount of chamber-
space not less than 25 cubic feet per lb. of
sulphur burnt daily (as Spanish pyrites), and
with a nitre consumption of 10 p.c. of the

1 Exact détails concerniug the yield of sulpkuric acid
obtained when the Erench System of ' forced working'
('production intense,' p. 757) is adopted do not appearto
have been published. Aceording to Sorel, witli a chamber-
space of only 11*5 cubic feet per pound of sulphur burnt,
and a nitre consumption of 2*26 per 100 of sulphur buriit,
50 p.c. pyrites being employed, and so welt burnt that
the cinders only eontained Ô'8 p.c. of sulphur (!), a yield
was obtained at l'Oseraie of 148*81 parts of H„S0« per 10)
of pyrites consumed, équivalent to slightly more than 300 of
H.SO. per 100 of sulphur burnt ; and represènting a
yield in the form of sulphuric acid of uptvards of 97 p.c.
of the sulphur eontained in the pyrites—an incredibly
high resuit.
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sulphur burnt, the state of repair and général
supervision being good, this source of loss may
be redueed to about 5 p.c. for considérable
periods .together, or say (j to 7 p.o. including
accidents, leakages, and irregularities ; leading
to the statement for one year with another :

Left unburnt in cinder . 5 to 6 parts
Defective conversion,

leakages, &a. . . 6 to 7 „

ïield as chamber acid . 89 to 87 „

ÏÔÔ ÏÔÔ

theyieldrising to 90 p.c., and even more, for short
periods of time under the most favourable con¬
ditions; but, inasmueli as ail the necessary
conditions for maximum yield are comparatively
rarely found in works unprovided with Gay-.
Lussac towers, 80 to 85 p.c. is more nearly the
quantity actually obtained under such circum-
stances ; with even smaller proportions in ex¬
trême cases, especially when low-class sulphur
ores, coal-brasses, &c., are used.

With brimstone chambers employing Gay-
Lussac towers to thebest advantage, 97 to 98 p.c.
of the sulphur burnt may be obtained in the
form of chamber acid, with a nitre consumption
of 3 to 4 parts per 100 of sulphur burnt ; and
when no Gay-Lussae towers are used, with a
nitre consumption of 6 or 7 p.c. of sulphur, and
a chamber-space of 25 to 30 cubic feet per lb
of sulphur per day, 95 p.c. and upwards of
the sulphur burnt may, with good management
and first-class plant, be obtained as chamber
acid; and proportionately smaller percentages
under less favourable conditions.

In ail cases a somewhat smaller yield is
generally obtained when O. V., is made on account
of losses by volatilisation, décomposition, break-
ages, &c., during concentration.

As regards the loss of nitre, both with and
without Gay-Lussac towers, the figures obtained
in différent factories necessarily vary very
considerably ; but in général the causes of
loss do not lie very far from the following
values ;—

— With Gr.-L. towers Without G.-L. towers

Nitre used per 100 parts of sulphur burnt

Percentage of nitre lost in exit gases and retained )
in the chamber acid : leakages J

Ditto lost by secondary réactions in the chambers (
&c. (réduction to N20 and nitrogen) J

2-5 to 4 About 10

15 to 30

85 to 70

100 100

Not exceeding 50

At least 50

Too

With ' foreed work ' it is stated that the
nitre consumption does not materialiy exceed
tbe ordinary amount as above tabulated. Not-
withstanding the mueh larger proportion of
nitrous fumes kept in circulation, the loss by de¬
fective absorption &a. in the Gay-Lussac tower
is redueed to the usual limits by employing very
inuch larger nitre recovery plant ; whilst no
considérable incrément appears to be occasioned
by the loss of available oxides of nitrogen
through secondary reactions. Thus Sorel states
that when only 14 cubic feet per pound of sul¬
phur burnt per day was allowed at l'Oseraie the
nitre consumption was only 1-03 per 100 of
R,S0, made, representing about 3'3 parts per
100 of sulphur burnt ; a resuit comparable with
good average working over long periods in
works where 18 to 20 cubic feet are allowed
with nitre recovery plant of ordinary dimensions.
During another period only 11-5 cubic feet per
pound of sulphur was allowed, whilst the nitre
consumption was booked as only 2£ per 100 of
sulphur burnt.

Cost ofproduction. Lunge gives the estimâtes
on next page, the first four being the results of
his oivn experience when pyrites was burnt, the
vitriol produced being of gravity 140-144° Tw.
theothers derivecl from Karl Stolrmann, Lacroix,
and Favre (' Sulphuric Acid,' 1891, 2nd ed. pp.
765 et seg.).

The following comparative estimate of the
eost of manufacture of brimstone and pyrites
acid in America has been given by W. G.
Cranshaw (S. C. I. 1883, 413), the chamber
used kaving a capacity of 110,000 cubic
feet:—

Brimstone.
Gost of plant, $30,000

1,100 tons at $31-50 . . $34,659
88 tons saltpetre at $55 . 4,840

Wages 1,200
Coal 1,200
Interest, repairs, &c., at 20 p.c. 6,000

$47,890
Produce, 4,950 tons chamber acid, cost-

ing per ton $9'71.
Pyrites.

Cost of plant, $32,000
2,100 tons at $6 . . $12,600

80 tons saltpetre at $55 . 4,400
Wages 1,200
Coal 1,200
Interest, repairs, &c., at 20 p.c. 6,400

$26,200
Produce 4,050 tons chamber acid, cost-

ing per ton $6-47.
Lunge regards these figures as misleading, and
intended to represent the pyrites manufacture
as much cheaper relatively than is really the
case, much more plant being required for
pyrites kilns, breakers, etc., than represented
by the extra $2,000 charged to tbis aceount,
and much more nitre relatively to brimstone
being required. Moreover, the cost of repairs
and wages are necessarily much higher with
pyrites plant than with brimstone plant. Both
brimstone acid and pyrites aeid are represented
as having the same market value, instead of tbe
latter being of less value on account of impuri-
ties, especially arsenic and iron.
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Belgium smalls, con-
taining 40 p.c. sul¬

phur, at 18s. 8d. Coals
at 4$. Gd.

Norwegian and West-
plialian pyrites, con-

taining42 p.c. sulphur,
at 23s. 6k/. No Gay-

Lussac tower

Cuprous Norwegian
ore. Gay-Lussac and
Glover towers used.

. 1873. Pyrites at
25s. Gd. Coals at 10$.

Cuprous Spanish ore,
atlOj. 1876. Coals

at 4s.

Pyrites
Nitre
Coals
Ordinary wages
Repairs, &c.

Deduct value of 1
nitre cake /

Cost per ton of O.Y.

Pyrites . .

Brimstone . (
Nitre
Wages
Coals
Repairs and gene-"^

ral expenses J

Deduct nitre cake .

Produce . .

Ton £ s. d.
1-048 0 17 5-6

•044 0 6 7-2
•557 0 2 6-1

0 6 2-2
0 5 0-6

Ton £ .ï. d.
•9795 1 3 0
•0393 0 12 7
•125 0 0 6

0 7 5
0 2 0

Ton £ s. d.
•833 1 1 4-4
•0172 0 4 1-5
•171 0 1 8-5

0 6 9-5
0 1 10-5

Ton £ s. d.
•758 0 14 4-8
•0145 0 3 2-3
•250 0 1 0-0

0 3 C-0
0 1 6-0

1 17 9-7

0 1 1-2

2 5 6

0 16

1 15 10-4 1 3 7-1

1 16 8-5 2 4 0

Belgium
pyrites at 35 p.c.

Switzerland

pyrites
France

pyrites at 40 p.c.
Marseilles
brimstone

Kilos Francs

1,000 35-0
42 15-96

3-00
150 1-80

3-00

Tons Francs

2J 112-50
0-17 75-82

14-00

j 59-30

Kilos Francs

640 19-20

18 6-84
3-26

80 2-40

6-20

Kilos Francs

1,000 170-00
75 30-00

4-00
100 2-50

6-5"

58-76

1365 kilos acid
at 53°B. ; or
43-0 francs per
1,000 kilos

262-12

5 tons 5 cwts.
acid at 50°B. ;
or 50 francs
per ton

37-90
1-00

36-90

1,000 kilos acid
at 50°B. ; or

36-90francsper
1,000 kilos

213-00

4,000 kilos acid.
at 53°B. ; or
53-2 francs per
1,000 kilos

The fôUowing figures are quoted frorn the
Minerai Resources o£ the United States,' 1886 : —

Brimstone.
1 ton ( = 2,000 lbs.) brimstone at 98 p.c. $19-00

50 lbs. nitre at 2-5 cents per lb. . 1-25
5 cwts. coal at $4 per ton. . . 1-00

Wages 2-25
Superintendence and management . . 2-00
General jobbing repairs .... 0-50
Interest on capital ($75,000 at 10 p.c.) . 4-60
Produce 4| tons aeid at 50°B. 30-60
Cost per ton $6-80

Pyrites.
21 tons pyrites at 46 per cwt. . . $11-50
60 lbs. nitre 1-50

5 cwts. coal 1-00
Wages 2-00
Superintendence and management. . 2-00
General jobbing repairs .... 0-60
Interest on capital ($100,000 at 10 p.c.) 6-15
Produce 4| tons acid at 50°B. u'' °
Cost per ton $5.50

More recent estimâtes o£ the relative cost in
the United States of pyrites acid and brimstone
acid have been given by W. H. Adams and J.
H. Ivelley (S. C. I. 1892, p. 814, from Eng. and
Mining J., July 23, 1892). According to Adams,
sulphur in the form of pyrites is much cheaper
than brimstone in the States, because the latter
must be imported whilst the former islargely in-
digenous. He gives the following comparison
of the cost of producing 18 tons of chamber acid
daily by the two processes

Cost of pyrites acid.
10 tons pyrites, including freight, losses

in transit and burning &c., producing
18 tons daily ; at $5 per ton . . $50-00

Nitrate of soda, about 4 J p.c. on sulphur
contents ; say 400 lbs. at $2 50 per 100
lbs 10-00

Coal 2 tons daily at $3 per ton . . 6-00
Labour : five men for ail purposes at

$1-25 per day 6-25
Superintendent and office cost . . 0-00
Wear and tear per day: 10 p.c. per

annum on works costing $35,000 . 1000

Total .... $88-25
$4-90 per ton of chamber acid.

Cost of brimstone acid.
4 tons brimstone, ail costs as above at

$24 a ton $90-00
Nitrate of soda : 6 p.c. of brimstone used

or 538 lbs. per day at $2-50per 100 lbs. 13-15
Labour : five men ail purposes at $1-25

per day 6-25
Coal, 2 tons daily at $3 per ton . . 6-00
Superintendent and office cost . . 600
Wear and tear as above . . . 10-00

Total . . . $137-10
$7-65 per ton of chamber acid.

Lunge's criticisms on the previous com¬
parison by Cranshaw are obviously also here
applicable. According to Kelley, the cost of pro¬
ducing vitriol is rnuch the same, whether pyrites
or brimstone be used. The wear and tear is cal-
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culated by him at 10 p.c. per annum for pyrites
plant, and only 6 p.c. for brimstone plant, on
account of the longer life of the chambers, the
extra plant in the former case being valued at
,53,000 (pyrites plant, $27,000 for a make of
9 tons acid at 50°B. daily; brimstone plant,
$30,000 dollars, using the same chambers, and
making 12J tons daily).

Pyrites.
5 tons pyrites, at $5 to $8 . $25-00 to $40-00
270 lbs. nitrate, at $2.50 per

100 Ibs 6-75 6-75
360 lbs. acid, at 40 cents per

100 lbs 1-45 1-45
Breaking ore and loss, at 25

cents per ton . . . 1-25 1-25
labour (4 men, at $1-25 per

day) 5-00 5-00
Wear and tear . . . 9-00 9-00
Office and other expenses . 5-00 5-00

$53-45 „ $68-45
Producing acid at 50°B. = sp.gr. 1-53, at from

$5-94 to $7-60 per ton.
Brimstone.

2}tonsbrimstone,at$21to$29 $52-50 to $72-50
200 lbs. nitrate, at $2-50 per

100 lbs 5-00 5-00
200 lbs. acid, at 40 cents per

100 lbs 0-80 0-80
Labour (2 men, at $1-25) . 2-50 2-50
Wear and tear . . . 6-00 6-00
Office and other expenses . 5-00 5-00

$71-80 „ $91-80
Producing acid at 50°B. = sp.gr. 1-53, at from

$5-98 to $7-65 per ton. C. E. A. W.
Persulphuric Acid and the Fersulphates.

Persulphuric anhydride S207 was first ob-
tained by Berthelot (C. E. 86, 20, 1878) by
exposing a mixture of dry sulphur dioxide
and oxygen to the influence of the silent elec-
trical diseharge in the apparatus described in
A. Ch. [5] 12, 463. Later he showed that under
similar conditions oxygen and sulphur trioxide
united to form the same body (C. E. 86, 277).
At the end of from eight to ten hours the sides of
tbe vessel are covered with drops of a thick, viscid
liquid, which at about 0° crystallises in trans¬
parent, long, flexible needles. Traces of water,
nitric acid (from nitrogen), or of saline com-
pounds (from the glass) tend to prevent crystal-
lisation. The substance closely resembles
sulphur trioxide in appearance ; the crystals,
however, are longer, more transparent, and
more laminated than those of sulphur trioxide.
Itis said to possess a pungent smell (Marshall).
At ordinary températures it is very unstable,
but if the température be near zéro it can be
kept for several days. An aqueous solution
rapidly décomposés, O being liberated and H2S04
formed. A solution in concentrated H2S04 is,
however, much more stable ; yet even this sloxvly
evolves oxygen. Bise in température, presence
of moisture, or contact with precipitate ac¬
célérâtes the décomposition of S20; into S03
and 0. This tendency to give up O dis-
tinguishes persulphuric anhydride from sul-
phuric anhydride. It, indeed, gives the clue to
most of the reactions of S207 ; thus SaO,

oxidises metallic mercury and solutions of S02,
FeS04, SnCl2, and Kl even in the cold.
Berthelot utilised this property in his analytical
détermination of the composition. By acting
on the S207 with standard solutions of Kl,
FeS04, or SnCl2 and titrating baek with perman¬
ganate, he determined the amount of ' available
oxygen.' The SOa was then determined as
BaS04. The results of différent analyses gave
the ratio 1 to 10, which accords with the formula
S207 for

S207 = 2S0il + 0,
176 160 + 16.

Berthelot did not succeed in isolating the
acid. He, however, obtained solutions of it in
H2S04 : (1) By the action of H,02 on H,SO„
and (2) by the electrolysis of concentrated
H2S04. He, moreover, expressed his belief that
solutions of persulphuric acid might also be
obtained by the action of other peroxides on
H..S04 at a very low température. The reactions
of electrolysed concentrated H,S04 were exactly
the same as those of the solution of S207 on
concentrated H2S04.

Berthelot has also examined the action of
the electric current on dilute H2S04 solutions,
such as are used in the electrolysis of
water. He found that there was an appréci¬
able amount of persulphuric acid in solution
at the anode, and concluded that the oxidising
substance présent in such a liquid was, as a
l'ule, persulphuric acid, and not H202, or ozone,
as had been previously believed. His con¬
clusions may be stated as follows : The Sub¬
stance formed in the liquid about the positive
electrode in the electrolysis of dilute solutions
of H2S04, which, together with the ozone,
accounts for the variation of the ratio of H to
O from the theoretical 2:1, is not H202, as
generally supposed. For, as a rule, it does
not—(1) reduce permanganate; (2) form per-
chromic acid with chromâtes ; or (3) form
Ca02 with lime water—three very delicate tests
for H202. It is also less stable than H202.
Neither is the oxidising substance ozone, for it
does not oxidise arsenious acid; and when
shaken up with fifty. times its volume of air it
does not give to it any gas or volatile body
capable of acting upon Kl. It is persulphuric
acid, for the oxidising substance is produced only
during the electrolysis of H2S04 solutions and not
when solution of H3P04, KOH, or Ba(OH)2 is
used.1 It, moreover, answers to the properties,
both positive and négative, of persulphuric acicl
solutions (C. E. 86, 71). Eicharz (A. Ch. [2] 24,
183) in the main confirmed Berthelot's results.

1 It should be noted that the différent observers do not
agree with respect to several of the reactions of persul¬
phuric acid. Thus, Berthelot states that it does not
oxidise Asa03 (C. H. 86, p. 71), whileTraube aflfirms that
Asa03 is completely oxidised witliin a short time. Again,
Richarz has stated that persulphuric acid in 70 p.c. H„S04
solution oxidises oxalic acid, and also oxidises N to nitrous
acid. Traube, on the contrary (B. 22,1518), finds that this
is not the case, and that persulphuric acid is a much
weaker oxidising agent than Richarz states. This dif¬
férence as to fact has considérable bearing on the views
held by Richarz and Traube concerning the true nature of
H202. Tlie former, believing that its presence at the
anode is due to the chemical action of persulphuric acid
on water, regards it as HO.OH, whilst Traube, not ad-
mitting the possibility of the oxidation of water by per¬
sulphuric acid, considers it as an 4 oxygen-molecule coin-
pound,' and represents it as H.O : O.H.
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He found, however, that small quantities of
H.,0„ and ozone are formed toget.her with the
persulphuric aeid, the relative amounts varying
with the strength of the aoid electrolysed.
Thus with strengths up to 40 p.e. little or no
hydroxyl was formed. With strengths from
40 to 90 p.c. the amount of H202 gradually
inereases (max. probably with 70 p.c. solutions).
To estimate H202 in presenee of persulphuric
acid, Eicharz recommends a solution of titanio
acid in H2S04. This gives an intensely yellow
precipitate, whieh deeolourises the same amount
of permanganate as the H,02 which goes to
form it. Permanganate can alsû be used
directly, as persulphurio acid does not reduce
it. See also Eicharz, A. Ch. [2] 31, 912, and
MeLeod, C. J. 1886, p. 591.

Persulphurio acid sometimes exerts a re-
ducing action. For example, Pb02 is converted
into PbS04 when brought into a 40 p.c. H2S04
solution of persulphuric acid. Similarly, Mn02
and AgO are converted into the sulphates with
évolution of O. The similarity here to the
behaviour of H202 was quotgd by Traube in sup¬
port of his formula (S02)02. But, since O is
evolved in the reactions, they may be equally
well explained on the assumption that the for¬
mula is S20;. Indeed, the only resuit given by
Traube which cannot be so explained is that
showing the ratio of available O to S03 formed
on décomposition. To obtain this ratio Traube
diluted a 40 p.c. H,S04 solution with 2-4 times
its volume of water and added freshly-pre-
pared barium phosphate to remove the H2S04.
The amount of active O in the filtrate was

then determined by adding FeS04 and titrating
back with permanganate. The S03 was esti-
mated by boiling a solution with BaCl2 and
weighing the BaS04 produced. The ratio of the
weights was found to be 1 : 5, which agreed
with the empirical formula S04. But Traube
overlooked the possibility of the presence of
H202 (Berthelot), and also the possibility that
some of the substance might remain undecom-
posed on boiling (Marshall).

Hugh Marshall discovered that crystals of
potassium persulphate were formed at the anode
during the electrolysis of a solution of the sul¬
phates of Co and K in a ' divided cell.' He
found that the same substance could be pre-
pared by the electrolysis of a saturated solu¬
tion of KHS04 in the same apparatus. The
Am sait was prepared by substituting Am2S04
for KHSOj. By treating a saturated solution of
the Am sait with Ba(OH)2 he obtained the Ba
sait, the excess of Ba(OH)2 being removed by
C02. The Pb sait was obtained by decomposing
a solution of the Ba sait with H2S04 and neu-
tralising the liquid with PbCOs. By acting upon
the Ba sait with ZnS04, a solution of the Zn sait
was obtained. Attempts to isolate the persul-
phates of Cu, Na, Li, and Mg were unsuccessful.

The formula; at whieh he arrived were KS04,
AmSO.„ Ba(S04)2, 4H20 and Pb(S04),,3H20 (?).
The choice of KS04 instead of K2S"2Os which
Berthelot gave, was based upon the détermina¬
tions of the conductivity of dilute solutions.
These gave: A = (m1024 — mm) = 15*7. Now, in
the case of potassium perchlorate A = 15 ; hence
it is probable that the formulœ are of the same
type. It must be noted, however, that the per-

sulphates and perchlorates do not appear to be
isomorphous, for the former appear to belong
to the asymmetric System. It is rather remark",
able that the K sait appears to be the least
soluble. Thus, 100 parts of water at 0° dissolve

1-77 parts of KS04
58-2 „ AmS04
52-2 „ Ba(S04),,4H20.

Exact déterminations in the other cases hâve
not been made, bqt the salts are ail very soluble.

Solutions of persulphates give no precipitate
with BaCl2 ; on warming, however, BaS04 slowly
separates and Cl is evolved. The aqueous solu¬
tions gradually décomposé, a sulphate being
formed and O being liberated. Iodine is libe-
rated from Kl solution. On ignition of the salts
containing fixed bases a sulphate is left, S0, and
O being evolved- A. solution .of Pb(0H). in
KOH yields a pjrecipitate of Pb02 on boiling.
The action with.AgN03 seems to be : HjO+
AgN03 + M'S04 = AgO + MHSO., + HNOa. Feh-
ling's solution gives a red precipitate of Cu,0;
FeS04 is rapidly oxidised to ferrie sulphate with
rise of température. Organic colouring matters
are bleached ; alcohol is oxidised to aldehyde in
presence of water. With neutral cobaltous and
manganous salts a partial precipitate of Co,0,
and Mn02 is obtained on heating. In the cold
the' addition of alkalis to a solution of KSO,
and manganous, cobaltous, or nickelous salts
précipitâtes the lciwer oxides, which immediately
darken, forming higher oxides. Paper and cloth
become quite ro'tten after being dipped in a
solution of persulphate. K4FeCy6 is readily oxi¬
dised to K3FeCy6 on warming. When wanned
with concentrated HN03 or H2S04 the 0 is
liberated, largely in the form of ozone. IVith
HC1, Cl is evolved.

Absolute alcohol has not any action on soîid
KS04. It dehydrates Ba(S0.,)2,4H20, probably
forming Ba(S04)2,H20. It is interesting to note
here another similarity to the perchlorates, for
barium perchlorate crystallises with 4 mois, of
water, of which 3 can be easily removed, while
the last cannot be abstracted without décom¬
position of the sait. It is probable that the
lead persulphate, like the perchlorate, crystal¬
lises with 3 molécules of water of erystallisation,
The persulphates of lead and zinc are déliques¬
cent and very readily decomposed.

Literature.—Berthelot, C. E. 86, 20, 71, and
277; 112, 1418. M. Traube, B. 22, 1518;
C. J. Abs. 1889, 940 ; B. 24, 1764 ; C. J. Abs.
1891,987. Mendeléeff, Bl.38, 168. H.Marshall,
Proc. Eoy. Soc. Edin., 18, 63 ; C. J. 1891,771.
Eicharz, B. 21,1670 ; C. J. Abs. 1888, 12 and769.

SUMAC. The commercial sumac is obtained
from the various species of BMis, such as Bhus
Goriaria, Bhus Cotinus, Bhus glabra, Bhus
canaclensis, Bhus typhina, Bhus pentaphjlla,
and Bhus uva ursi. The principal species sold
in the European markets, and most valued, are
the Sicilian sumac (Bhus Goriaria), and that
from Central Italy (Bhus Cotinus and films
Goriaria), which plants are not only collected in
Central Italy but also in Balmatia, Istria, and
Monténégro, and are commercially known as
Fiume sumac. Besides, there is Spanish sumac
and Erench sumac. Of the latter, four brands
are distinguished, whieh, however, belong aï
either to Bhus Goriaria myrtifolia or Bhuspa-
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taphylla, according to the régions wliere found,
asFauvis sumac (Département du Var), Bedoul
sumac (Gironde), Pudis sumac (South France),
and Dongère sumac (Rhône). Finally, American
sumac is obtained from various species of rhus,
the best being that derived from Rhus glabra,
Rhus canadensis, and Rhus typhina. More
recently another tannin-bearing plant is often
offered in the market as sumac under the name

of Swedish sumac. Although of very inferior
quality, this product, obtained from Arbutus
uva ursi and Vaccinium Vitis, is fraudulently
sold for sumac, the déception being easy to
carry out, as both leaves and twigs of these
plants very much resemble those of the various
species of rhus. Only a close examination shows
the différence.

The principal value of sumac consists in
the proportion of real tannin which it contains,
orrather a tannic acid which, though not iden-
tical with the tannic acid of nutgalls, produces
reactions similar to those of the latter, or

possesses similar properties. The quantity of
dyestuff contained in sumac plays in practice
only a suhordinate part.

It'seems that there are several tannic acids
contained in sumac, some of which resemble
the tannic acids of nutgalls (tannin), while the
others are similar to gallotannic acid. The
former are designated as actual value in tannin
of sumac, the latter give the so-called gallo¬
tannic value. Only the tannin contained in
sumac is of actual value to the tanner and dyer,
because this class of tannic acid compounds
alone has the property of forming insoluble
salts with metallic oxides, and thus serving
for the fixation of mordants, and as a mordant
for aniline and other dyestuffs. About the
value of gallotannic acid in dyeing, opinions are
greatly divided.

The tannic acids readily soluble in water are
pretty completely precipitated from their solu¬
tions by various reagents, as by sulpliuric acid,
many salts, and solution of glue. Of ail these
reagents, however, only the solution of glue has
been adopted for praetical use, according to the
proposition of Meunier and Warrington, who in-
vented a method of determining tannin by titra-
tion. This method was declared insufficient by
G. Millier, who demonstrated that an exact
quantitative analysis by this proeess is im¬
possible, as the precipitate formed does not per¬
fectly separate out, and the solution remaining
turbid prevents the observation of the end of
the reaction. Although an addition of alurn in
some degree removes this difficulty, "this method,
despite ail modifications added to it by Miiller,
F. Schulze, and others, remains inaccurate.
Loewe sbowed that many tannic-acid-bearing
materials, sumac included, contain besides it
other substances soluble in water, which aet
like tannin, and thereby render the correctness
of the analysis problematical.

Since the method of preeipitating tannic acid
with glue has been shown to be invalid, atten¬
tion has been directed to the use of metallic salts
capable of preeipitating tannic acids as insoluble
précipitâtes, and H. Fleck pointed out the pro¬
perty of acetate of copper of completely preeipi¬
tating tannic acid as well as gallotannic acid.
Since cupric gallotannate is perfectly soluble in

a solution of ammonium carbonate, while cupric
tannate is insoluble in this re-agent, the road
towards exact examination again seemed to
have been found. But this method was also con-

demned by many cbemists, and although modi-
fied by Eder, Hayer, and others, it has been
finally rejected as insufficient.

Hardtke introduced ferrie acetate instead of
the cupric sait as preeipitating agent, but this
method of titration, as well as that of Gerland
(with solution of tartar emetic), proved inaccu¬
rate. Hammer's method is based upon the pro¬
perty of tanning materials to give insoluble
précipitâtes with animal skin. Although
Hammer's original proeess was very eomplex, it
gave, in combination with other methods, the
basis for the exact détermination of the tan¬
nins.

A considérable step towards improvement
was taken by Lôwenthal. This chemist based
bis method upon the oxidisability of the tannins
by potassium permanganate or chloride of lime,
using a surplus of indigo carminé as indieator.
This method, combined with that of Hammer,
forms at présent the principal basis of ail déter¬
minations of tannin, and the improvements
introduced in the combined (or, as it is called,
improved) method of Lôwenthal only eoncern
the way of proceeding, but not its principles
(S. C. I. 1884, 82 and 524 ; also 1885, 263).

In order, now, to détermine the value in
tannin, a certain quantity of the substance to
be examined is weighed off, say 5 grms. sumac,
perfectly extracted with boiling water, and the
-décoction made up to 1 litre. For the test,
20 c.c. of the décoction are placed in a beaker,
and 750 c.c. distilled water, 10 c.c. of 1*10
normal sulphuric acid, and 20 c.c. solution of
indigo carminé (of known pereentage), and man-
ganate of potash (3 litres water and 4 grms.
KMn04), is introduced from a burette until the
original blue colour of the solution to be titrated
is ebanged to straw yellow. According to the
quantity of solution of permanganate the total
value in tannin and gallotannic acid is then
caleulated. It is an error to believe that the
tannin of sumac is identical with the tannin of
nutgalls or of other tanner's plants. On the
contrary, nearly every tannin-bearing plant has
a spécifie tannin of its own, which resemblesthe
tannic acid of nutgalls only in the properties of
giving with certain metallic salts précipitâtes
which are insoluble in water, and of tanning the
animal skins to be precipitated by the latter.

It was found that from the yield of extract
of a certain kind of sumac no conclusion as to
its value in tannin can be drawn. While a

yield of 30 to 40 p.c. extract is by no means a
rare occurrence, no sumac was discovered that
contained over 25 p.c. actual tannin. Good
sumac averages 10-15 p.c. actual tannin, its
value in extract ranging from 30-40 p.c. It is,
tkerefore, a great mistake if, for the valuation
of a given kind of sumac, simply a décoction of
it with a certain quantity of water is made, its
spécifie gravity found, and the estimation of the
value of the test-sumac made accordingly. This
method may have spécial value for the extract-
maker, but to the dyer and tanner it affords
absolutely no reliable indication of the value of
the article ; and yet this method of valuation
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is practically applied in many dye-houses and
tanneries.

In the commercial sumacs, besides sand and
yellow earth (loam), sometimes up to 15 p.c.
spent tanning barks of inferior value, such
as chestnutwood, quebracbo wood, quercitron
bark and waste of fustic, are found as adultér¬
ants. As regards the latter two adultéra¬
tions, it seems that their object is to produce
the colour peculiar to the concomitant dye-stuff
which is contained in sumac, especially when
the sumac in question either naturally contains
but little of this accompanying dye-stuff, or
when its colour has been degraded by other ad¬
ditions or by fermentation of the leaves in a
damp store. But as the principal value of
sumac, not to say its only value, dépends upon its
content of tannin, the additions of other colour-
ing bodies appears to be a useless waste of the
latter. Sand and loam go mostly together with
waste of chestnutwood used for adultération ;
probably the tannin contained in chestnut wood
(which, besides, is about 50 p.c. cheaper than
sumac) is to compensate the deficiency in tannin
which is produced by the admixture of loam
and sand. What trouble such admixture of
another tannic-acid-bearing material together
with a dark-colouring companion dye-stuff may
cause the dyer, anyone mayjudgeby contrasting

a dye with chestnut or quebracho with a sumac
dye (S. C. I. 9, 007).

SUMBUL OLEO-RESIN v. Oleo-kesins.
SUMBULAMIC ACID ». Oleo-kesins.
SUNFLOWER OIL v. Oils, eixed.
SUN GOLD v. Naphthalene.
SUNSTONE v. Felspak.
SUN YELLOW. The sodium sait of azoxy-

stilbene disulphonic acid v. Azoxy-coloukixo
matteks.

SUPERPHOSPHATES v. Manukes.
SYLVANITE v. Telldkicm.
SYLVIC ACID. Impure abietic acid v. Cofo

phony, art. Resins.
SYLVINE. Native potassium chloride v.

Potassium.
SYNANTHROSE or LEVULIN CsH„,05. An

isomeride of inulin found together with that
body in the dahlia and Jérusalem artichoke.
Found also on young rye grain and in oak bark.
An amorphous déliquescent body, of a siveet
taste, and converted by warming with dilute acids
into dextrose and levulose. Solution optically in¬
active, and without action on Fehling's solution.

SYNGERITE v. Calcium.
SYNTONIN v. Albuminoids.
SZMIKITE. Native monohydrated mangan-

ous sulphate MnS04.H„0 (Sehrôckinger, J. II.
1877, 729).

TACAMAHAC, Tacamahacin v. Oleo-kesins.
TACHYDRITE CaCl.,.2MgCI,.12H.,0. A

minerai occurring in the sait deposits of Stass-
fiirt in roundish, yellow, déliquescent masses.

TAGUA NUT. The fruit of Phytelephas
macrocarpa, worked as ' vegetable ivory.'

TA-HONG. A lead glass containing ferrie
oxide, used by the Chinese as a red enamel on
porcelain.

TAIGU WOOD. A wood from Paraguay, re-
sembling guaiacum wood in appearance. Has a
greenish-brown colour when fresh ; becomes
covered on exposure to the air with a greenish-
yellow crystalline powder ; and exhibits under
the microscope yellow oblique prisms, together
with shining, colourless, thin six-sided tables.
The latter are not altered by alkalis ; the former,
which consist of taiguic acid, are reddened there-
by. Strong boiling alcohol extracts from it
13-7 p.c. of a mixture of taiguic acid with resin-
ous and waxy substances. Taiguic acid (CjHjO)^
crystallises in oblique prisms of a bright-yellow
colour ; is tasteless and odourless ; m.p. 135°,
and sublimes at 180°. Very slightly soluble in
water, except under pressure ; readily soluble in
acetone, ether, benzene, and strong alcohol.
Forms erystallisable salts with bases ; those with
the alkalis are deep red and easily soluble in
water, the lead sait is yellow, and the silver
sait einnabar-coloured (Arnaudon, J. 1858,
264).

TALC. A hydrated magnésium silicate,
identical in composition with steatite, but dis-
tinetly crystalline in structure. It usually
oceurs in plates, apparently belonging to

the ortliorhombic System, and presenting s
perfect basai cleavage, like that of mica. It
differs, liowever, from mica in that the lamiuif,
tliough flexible, are not elastic. The minerai
often présents a pearly lustre ; and, like steatite,
is unctuous to the touch. It is so soft as to te
readily scratched by the finger-nail.

The applications of talc in the arts are mué
the same as those of steatite. When ground, it
is employed as a lubricating agent, while the
fibrous kinds hâve found extensive use in paper-
mills, especially in America, where talc ha;
largely replacée! china-clay as an economical
' filler.' The high glaze of certain Americaa
papers is attributed to the admixture of talc with
the pulp. A sample from New Jersey, knom
commercially as agalite, was analysed by IV.
Ivison Macadam with the following resuit:
Si02, 62-077 ; MgO, 33-126 ; FeO, 0101 ; A1.0,,
0-313; H.,0, 4-286 (Min. Mag. 7, 1886, 75).'G.
F. Perrenoud has described (Min. Res. U.S.
1886) the talc of St. Lawrence Co., New York,
which, when ground, is sold to paper-maker;
under the names of agalite, minerai pulp, asbes-
tine pulp, &c.

The chemical constitution of talc has been
discussed by F. W. Clarke and E. A. Schneider
(Ber. 23,1537 ; S. C. I. 9, 970). Their expert
ments were made with talc from Hunter's Mil],
Virginia, which when dried in air yielded SiO,
62-27 p.c.; Al-A, 0-15; Fe203. 0-95; MgO,
30-95 ; FeO, Ô-85 ; loss on ignition, 4-81.
These figures agree closely with the empirical
formula for talc, H„Mg.,Si4012. Whilst tire
minerai is generally regarcled as an acid meta-
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silicate, H.,Mg,(Si03)„ Groth bas viewed it rather
as a basic pyrosilicate, Mg(Si205)2(MgOH)2, de-
rived from the acid H2Si205. Talc is scarcely
attacked by aqueous hydrochloric aoid, and this
bekaviour, not less than the reaction of the
minerai when heated, leads Clarke and Schneider
to doubt the validity of Groth's view. On the
altération of quartz into talc and steatite at
Gôpfersgriin, in the Ficbtelgebirge, v. E. Wein-
schenk in Zeit. Kryst. Min. 14, 1888, 305 (v.
also Fkench chalk ; Steatite). P. W. E.

TAILINGITK CuC12.4Cu.H202.4H20 (Church,
C. J. 18, 77). A copper oxychloride found in
the Botallack mine, Cornwall. Porms greenish-
blue spherules. H = 3. Sp. gr. 35. Insoluble in
water, soluble in dilute acids and in ammonia.
Closely allied to atacamite and botallackite.

TALLOW (Suif, Pr. ; Talg, Ger.). The term
'tallow' is principally applied to the mixture of
olein and stearin obtained by rendering beef or
mutton fat. Various vegetable fats, the grease ob¬
tained by boiling or steaming bones, the solids
obtained by expression of whale and fish oil, and
certain other solid fats are, however, also known
as varieties of tallow.

Inferior kinds of animal tallow used forsoap-
making are known as ' melted stuff,' ' rough
stufî' and'town tallow,' the latter being also
known as ' kitchen stuff ' or ' pot grease,' and
consisting of the waste obtained in cooking
opérations. Varieties whose name dépends on
the place of export are known as ' Eiver Plate,'
'North American' and ' Western Tallow,' the
two latter coming from the United States.

So important is the tallow industry, that in
South America and Australia immense numbers
of cattle were formerly slaughtered and boiled
down for their tallow alone.

Thefollowing table shows in hundredweights
our imports of tallow and stearin during the
years 1886-1888

1880 1887 1888

Eussia . 35,579 6,532 11,434
Australia — 416,658 550,495
ArgentineRepublic — 22,209 80,147
United States — 329,367 311,022
Total imports 1,010,390 895,658 1,146,070

Fig. 1 shows an arrangement employed by
Dale, of Bristol, for rendering fat. It consists of
a strong iron cylinder having a charging hole 6,
a manhole near the bottom for discharging the
refuse, taps c for drawing off the fat, water
supply valves d, steam supply valves e, and a
waste valve /. The charge is heated by steam
supplied at 60-80 lbs. pressure, and circulating
through the coil g, beneath a perforated bottom
supporting the fat, and water is supplied at d
when necessary. After six or eight hours the
tallow may be drawn off, alone or with water, by
opening the upper or lower tap c.

At the East London Soap Works, the fresh,
thoroughly disintegrated beef-suet islaid in thin
lâyers on shallow iron trays placed in rows on
inclined racks, arranged on each side of a large
wooden chamber, and sloping towards a central
passage therein. An open gutter leads from
the lower edge of each row of trays to an exter-

Vol. III.—T

nal receiver. The température is raised by steam
pipes until the fat just runs out into the re¬
ceiver.

Fig. 2 shows one of a sériés of cylinders of
1,200 to 1,500 gallons capacity, employed in

admitted by a foot valve and perforated pipe at
50 to 70, or even as high as 100, lbs. pressure.
A cock is opened to allow escape of condensed
water, when spurting occurs on opening a try-

3 D

rendering the fats when the tissues are not re-
quired in a condition otherwise than is suitable
for manure. The cylinders are filled above a
false bottom with the crude fat, and steam is

Fig. 2.
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cock b. After ten to fifteen hours tke steam is
eut off, and the cock a and safety-valve are
opened, and, after settling, the layer of tallow is
drawn off through a sériés of cocks p. The
cover of a discharge hole in the bottom of the
cylinder is then raised by a rod, and the residual
tissue falls into the tub beneath. The tallow
requires to be washed, melted, and strained, to
remove the last traces of tissue. This process
extracts more tallow from the fat than any
other.

Sometimes the fat is rendered at the atmo-
spheric pressure by boiling a mixture of the fat
withone-fourthits bulk of water containing 2 p.c.
to 3 p.c. of sulphuric acid.

The quality of tallow varies with the species,
âge, and sex of the animal, and with the part of
the body from which it is obtained. Animais
fed on brewery refuse usually yield a tallow con¬
taining a lower proportion of stearin. Mutton
tallow contains the largest proportion of stearin,
and is whiter than beef tallow.

Tallow consists principally of stearin, olein,
and palmitin, thetwo former largelv predomina-
ting. Pure tallow is white and almost tasteless,
but the commercial product is usually yellowish.
It dissolves in about 40 parts of boiling alcohol
of sp.gr. 0'82, and has at 15-16° a sp. gr. of
0-925-0-929 for beef tallow, and 0-937-0-940 for
mutton tallow. When saponified, it yields
about 94-95 p.c. of fatty acids.

Tallow melts between 100 and 120°F., the
best varieties melting at about 110°. It may be
distilled in vacuô (Schuller, A. Ch. [2] 18,
317), but is decomposed when distilled with
superheated steam, into oleic, stearie, and
palmitic acids, with séparation of glycerin. Its
iodine équivalent is very low, the absorption
varying between 40° and 41°, and by determining
this constant, adultération with cotton-seed oil,
whose iodine équivalent is relatively high, may
be readily detected (Eowland Williams, S. C. I.
•1888, 186).

When exposed to the air, tallow becomes
whiter, and, owing to its disagreeable smell and
the discoloured soap which it produces, is known
as 'foxy tallow.'

Commercial tallow frequently contains a
considérable quantity of free fatty acid, and is
often adulterated with cotton-seed stearin, bone-
fat, the distilled fatty acids from wool-grease,
and other fats more fusible than stearin. Stareh,
china clay, and whiting are also used as adul¬
térants. Deering (S. C. I. 3, 540) has found
only one sample of tallow free from acid out of
twenty-five examined, the acidity ranging from
0-85 p.c. in a sample of Australian mutton
tallow to 12-20 p.c. in a Eussian tallow. L.
Meyer (D. P. J. 247, 305) has examined a sample
of tallow consisting almost entirely of fatty acids
from wool-grease, and yielding only 0-2 p.c. of
glycerin.

A number of vegetable tallows are now used
in considérable quantity, either alone or, more
usually, with other tallows, in the soap and
candie industry (v. Lach, Chem. Zeit. 1885,
951). They contain about 95 p.c. of saponifiable
matter, of which stearin constitutes a larger
proportion than in tallow.

A variety known as ' Chinese tallow,' or
'Minjak Tengkawang,' is obtained from the

tallow tree or Stillingia sebifera, which is in-
digenous to China, but is also grown in Bornéo,
India, and America. The fruit or nut is a black,
globular case containing three ovoid seeds coated
with a thick, hard tallow, which constitutes 20
or 30 p.c. of the fruit, and inclosing a liquid fat.
When the fruit falls from the tree it is gathered
and steeped in water for thirty days, after which
it is steamed for ten or fifteen minutes, washed
in large mortars, and heated in bamboo sieves,
where the tallow passes off as a brown liquid.
This is placed in superimposedcirclesof twisted
straw bound together to form a cylinder, and
fitted in a press, and is expressed while'stiil
liquid, and allowed to cool and solidify. Some¬
times the tallow surrounding the nuts is sepa-
rated hefore extraction of the inclosed oil.

Chinese tallow melts between 35° and 42°C.,
and contains free fatty acids to the extent of
9'5 to 10 p.c., calculated as stearie acid. When
fresh it has a pale-green colour, which changes
to yellow, and finally white, on exposure to the
air (v. also Geitel, J. pr. 36, 515; Bakker, Ph. [3]
15, 407 and 428, and the Seifenseid. Zeitung, 35,
415).

' Piney ' tallow or ' veratria fat ' is obtained
from the seeds of the Veratria indica of the
East Indies. These seeds contain about 49 p.c.
of a solid, greenish-yellow, balsamic-smelling
fat, which whitens on exposure to light. It
melts at about 40°C., and saponifies easily.

Another variety, known as ' Malayan ' vege¬
table tallow, is obtained from various species of
Hopea in Bornéo, Java, and elsewhere. The ripe
fruit, which is about the size of a walnut, is
allowed to partly germinate, and is then son-
dried, shelled, and steamed in a bamboo basket,
after which it is expressed through cloths and
run into lengths of bamboo.

Cocoa-butter and other similar fats may also
be considered as vegetable tallows.

Several processes are in use for bleachingand '
purifying tallow and stearin, in addition to the
mechanical methods of subsidence and of fil-
tration under pressure from a head of the lique-
fied tallow.

By A. Dunn's process (Pat. No. 9,682,1813)
tallow for soap-making is bleached by driving
air through it in finely-divided streams whiie
heated to 82-93°C. With an ordinary tallow
the treatment oceupies from ten to fifteen hours.
The tallow is sometimes agitated with potassium
carbonate, and allowed to settle before treatment

It may also be bleached by boiling with a
solution of bleaching powder in the proportion
of 1 p.c., or of potassium chlorate in the pro¬
portion of less than 0-3 p.c. of the tallow, with
addition of hyclroehlorie or sulphuric acid-
A mixture of manganèse dioxide and hydro-
chloric or sulphuric acid may also be used.

Tallow is saicl to be largely bleached by the
following process (C. C. 1884, 912). Itis parti;
saponified by heating with soda and sait solution,
and the upper and lower saponified layers are
drawn off for making curd soap ; the middle.
unsaponified portion being filtered through liner..
heated to boiling with a 2|-3 p.c. solution ci
alum for fifteen minutes, and left for three te
five hours. It is then again heated to 170-
200°C. to complété the bleaching, care beine
taken to arrest the beat if any unpleasant smell
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is observed. The fat treated by this process
should not be rancid, neither should it be too
fresh.

According to Watt's process (Pat. No. 7,028,
1830), whieh is largely employed for bleaching
palm-oil, a mixture of 25 lbs. of potassium bi¬
chromate and 60 lbs. of hydrochloric acid is
heated with a ton of the fat. Watt claims the
use of certain other oxidising agents.

Watson (Pat. No. 9,896, 1812) deseribes a
method of purifying in which the melted fat
is agitated at 150-212° with a solution of
potassium permanganate with suffieient dilute
sulphuric acid to render the whole distinctly
acid. After an hour the liquid is settled and the
fat is drawn oiï and re-melted in water.

Stearic acid may be bleached by agitation
with 5 p.c. of sulphuric acid diluted with
10 p.c. of water. After settling and removal of
the acid water with the aid of washing, purifi¬
cation may be completed by stirring in water
containing the whites of twenty-five eggs to each
100 lbs. of stearin, and heating by steam. The
albumen rises as a scum containing most of the
mechanical impurities.

TA1MI GOLD. An alloy of 86'4 p.c. copper,
12-2 p.c. zinc, 1-1 p.c. tin, and 0-3 p.c. iron, used
in the manufacture of trinkets.

TA-LOU. A Chinese term for a glass flux
used for enamelling on porcelain. Consists
mainly of a silicate of lead containing a small
quantity of copper (Ebelmen and Salvétat,
A. Ch. [3] 35, 344).

TAMARITE. Ghalcopliyllite
Cu:1As.08.5CuH.J0.2 tH20.

A hydrated basic copper arsenate found near
Redruth (in Cornwall) and in Saxony and Hun-
gary. Occurs in rhombohedral crystals of an
emerald- or grass-green colour. H = 2 ; sp.gr.
2-4-2-66.

TAMBAC or TOMBAC. White copper. An
alloy of 85. p.c. copper and 15 p.c. zinc.

TANGHIN 01- TANGUIN. The celebrated
judicial poison used by the inhabitants of Mada¬
gascar has been examined by Arnaud. It was
known that the toxical principle was contained
in the almonds of the Tanghinia venenifera,
belonging to the family of the Apocynacecc.
Ihe almonds contain about 75 p.c. of fatty
matter which could not be got rid of by simple
pressing. By treating with bisulphide of car-
bon, however, which does not take up the
tanghinin, the fat was extracted. Subséquent
boiling with strong alcohol, and evaporation,
yield a crystalline substance of powerful toxic
properties. It has a strong action upon the
heart, resembling strophanthin and ouabaïne
(S. C.1.1889, 211 ; 1888,765), having, however, a
more général convulsive action than these bodies.

Tanghinin forms colourless, rhombic, an-
hydrous crystals which melt at 182°C., and are
very difficultly soluble in water, but easily in
strong alcohol. It is lœvorotatory, and has the
lollowing composition : Carbon, 65-74 ; hydrogen,
8-19 ; oxygen, 26-07 (Arnaud, C. B. 108, 1255-
1258; S. C. I. 8,1008).

TANNASPIDIC ACID v. Filix mas.
TANNENITE. A bismuth copper sulphide

CuS.Bi2S3, found in the Erzgebirge and near
Copiapo, in long tin-white needles (Domeyko,
Ann. M. [6] 5, 453).

TANNIC ACIDS, TANNINS (Acides tan-
niques, Fr. ; Gerbstoffe, Ger.). These terms have
been applied to a large class of substances which
occur in many plants, and are distinguished by
the following characters ; they have an astringent
taste ; give a blue-black or a green colouration
with ferrie salts ; are precipitated by a solution
of gelatin, by albumin, and by alkaloids ; unité
with hide to form leather ; reduce solutions of
the noble metals ; absorb oxygen. from the air,
especially in the presence of alkalis &c. Ail
these properties are not eommon to every tannin,
but they are more or less characteristic of the
majority of them.

It was formerly believed that only one tannin
existed, and it was assumed that the différence
in properties of tannin from différent sources
was due to the presence of foreign matters.
Further investigation, however, established the
fact that tannins from différent sources differed
both iu composition and in properties. . One of
the most characteristic différences noticed was

that some tannins gaveablueor blue-black colour-
reaction with ferrie salts,whilst others gave a green
colouration with the same reagent, and this led
to a division of the tannins into the two groups
of (1) iron-blueing ; and (2) iron-greening tan¬
nins, and this classification is still frequently
made use of. It was also assumed that those
tannins which gave the blue colour-reaction,
such as gallotannic acid, were derived from
pyrogallol, and those giving the green colour-
reaction, such as catechutannic acid, from cate-
chol, and these two phénols were in fact obtained
from certain members of the two classes of
tannins by fusion with potash or by dry distilla¬
tion (Watts, B. 10, 1764). Schiff (B. 15, 2590)
likewise regarded the iron-blueing tannins as
anhydro- compounds derived from gallic acid
and those giving the green reaction as similarly
derived from protocatechuic acid, his conclusions
being founded partly at least on results obtained
with his synthetie tannins. A classification
depending upon the colour-reactions mentioned
cannot, however, be regarded as scientific. Cate-
chol derivatives are, in fact, known which give a
blue colour-reaction with ferrie salts, and querei-
tannic acid may be mentioned as an example of
a tannin which yields catechol and protocatechuic
acid on fusion with potash, but gives a blue
colour-reaction with ferrie chloride.

Stenhouse (Pr. 11, 405) believed that there
was a connection between the glueoside character
of some of the tannins and their colour-reactions
—namely, that those tannins which give blue-
black précipitâtes with ferrie salts are mostly
glucosides, a view which is now known to be
erroneous. In fact, it has been shown that some
of the tannins which were formerly held to be
glucosides are not - glucosides at ail, but that the
sugar accompanying them was obtained from
some other plant constituent.

Wagner (Fr. 5, 1) made a distinction between
pathological and physiological tannins, and
maintained that the former class, represented
by gallotannic acid, is only known to exist in
pathological formations of certain species of oak
and sumac (Rhus javanica and Rli. semiàlata),
whilst the latter class includes ail tannins which
are produced under normal conditions of plant
life. Pathological tannin is distinguished by
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the readiness with which it can be hydrolised,
with formation of gallio aoid ; it is precipitated
by gelatin, but will not convert hide into a true
leather. The physiological tannins, on the other
hand, include those employed by the tanner, and
occur in the bark and other parts of plants.
They are distinguished from pathological tannin
in that they cannot be hydrolysed either by a
ferment or by boiling with dilute acids. It
would appear, however, that gallotannic aeid
does exist in some plants as a physiological
tannin, as for, instance, in myrobalans and in
pomegranate ; and should further investigation
prove this to be the case, Wagner's distinction
must necessarily fall through. At the same
time, the chemical properties of gallotannic acid
clearly distinguisli it from the true tanning
tannins, nearly ail of which, however, have been
very imperfectly investigated. Of these latter,
quercitannic acid has received most attention,
and Etti (M. 4, 522) has shown it to be a
hydroxy- derivative of ketonic acid containing
the grouping CeH5.CO.C6H4.COOH, whilst gallo¬
tannic acid (q. v.) is known to be a hydroxy-
derivative of CjHj.CO.O.CjHj.COOH, and thus
the différence in properties is readily explained.
On comparing the properties of the so-called
physiological tannins, a large proportion of them
will be seen to be closely related to quercitannic
acid, and it would appear more than probable
that many at least are built up on the same type
as the latter. Other tannins, again, sueh as
caffetannic acid, are glucosides.

Bôttinger (B. 17, 1123) has examined the
action of bromine on several tannins, and has
shown that these may be grouped according to
the amount of bromine which they take up ;
the filtered tannin extracts are agitated with a
slight excess of bromine and the precipitated
bromo- derivatives filtered off, washed, and dried
at the atmospheric température. The following
table gives the sources of the tannins examined
and the percentages of bromine in the bromo-
products formed :

Oak-bark tannin . 28-4
Hemlock-bark tannin . 43-6
Quebracho-wood tannin . . 44-5

Mangrove-barlr tannin . 42-15
Mimosa tannin . 49-36
Chestnut oak tannin . 50-48
Terra japonica tannin . 53-2

Spruce bark tannin . . 52-8

Bôttinger has also shown that tannin extracts
react with phenylhydrazine, yielding amorphous
products, but the reaction is complicated by the
presence of saccharine substances and the mixed
products have not been fully investigated (A.
246, 127 ; 256, 341 ; 259, 125). Attempts to
obtain cyanhydrines and oximes were unsuc-
cessful (A. 259, 132).

It will be seen from what has been said
above, and still more clearly from a glance at
the following account of the différent tannins,
that our knowledge of this class of substances
is far too imperfect to allow of any satisfactory
classification, and accordingly an alpliabetical
arrangement has been adopted.

Aider-tannin C27H2SOu is contained in the
wood of Alnus glatinosa-, the sawdust is ex-
hausted with boiling water, the extract treated

with lead acetate, and the precipitate obtained
is well washed and then decomposed by hydrogen
sulphide. The greater part of the tannin is
carried down with the lead sulphide, and is
extracted from the latter with boiling 90 p.c.
alcohol. Aider-tannin is a reddish-brown sub¬
stance, is insoluble in ether, benzene, and carbon
bisulphide, dissolves sparingly in absolute
alcohol, more readily in boiling water, and is
very readily soluble in dilute alcohol. It reduces
ammonical silver solution, gives a precipitate
with gelatin solution, and a dirty-green precipi¬
tate with ferrie ehloride.

When aider-tannin is boiled with dilute sul-
phuric acid it undergoes hydrolysis, a sugar
CuH,„00 and alder-red being produced. The
latter, after being dried at 130°, has the compo¬
sition C4BH380ls. Alder-red is insoluble in water
and in ether, is sparingly soluble in alcohol, and
dissolves in alkalis to a bright red-brown solution.

Aider-tannin yields catechol on dry distilla¬
tion, and protocatechuic acid, phloroglucinol,
and acetic acid when it is fused with potasb.

The red colour which alder-wood acquire;
on exposure to air is probably due to alder-red
produced by the action of a ferment on tbe
tannin (Dreykorn and Beiehard, D. P. J. 195.
157).

Algarobilla contains, according to ZôifM
(Ar. Ph. 229,123), two tannins, one of which is
the glacoside of gallotannic acid, and is presem
to the extent of 8 to 10 p.c., whilst the mais
tanning principle is cllagotannic acid ChH|,0,
(q. v.), and is présent in much larger quantité

Algarobilla is used for tanning; according II
Godeffroy (C. N. 40, 144), the pods contain 68ii
p.c. tannin. According to Eitner (D. P. 1.211
80), algarobilla contains 40-50 p.c. tannin.

Anacahuita wood and bark contain a tannir.
which gives a green colour-reaction with in:
salts, and which can be extracted by cold rate
or by alcohol (Buchner, J. 1861, 771).

Ash-tannin v. Fraxitannic acid.
Aspertannic acid CuHla08 was obtained 1;

Schwarz (Sitz. B. 6, 446) from woodruS (Jsp-
rula odorata). It gives a green colouration will
ferrie salts, but does not give précipitâtes lit
albumin, gelatin, or tartar-emetic solutions. Il
is decomposed by boiling with dilute sulptai:
acid, but no sugar appears to be formed, andt
precipitate is produced.

Atherosperma-tannin. The bark of iito
sperma Moschatum contains a tannin whi-
gives a green colouration with ferrie salts. Ii
may be precipitated by lead acetate from &
clarified décoction of the bark, and on digo:
ing the well-washed precipitate with acetic «:
filtering, and neutralising the solution with au
monia, a greyish-yellow precipitate is forcs
which when dried has the compost
C10H14PbO3 (Zeyer, J. 1861, 769).

Bablah contains gallic and tannic acils. -

vol. i. 263.
Beech-tannin. The bark of the red bs

contains a tannin of the composition C.,H
(Etti, M. 10, 650).

Caffetannic acid C]5H1808 (?) occursinco-
berries in the form of calcium and magnes'
salts (Rochleder, A. 59, 300), and in cainci-t
Chirococca raccmosa (Rochleder and Hlasit
Sitz. B. 5, 6).
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According to Bochleder (A. 66, 39), it is also
présent in Paraguay tea, Ilex paraguayensis,
but this lias been disputed by others (J. 1856,
815; Arata, J. 1877, 938). It is prepared by
exhausting the cofiee berries with alcohol,
diluting the extract with twice its volume of
ivater to preeipitate fat, tlien boiling the fil-
trate and adding lead acetate ; the preeipitate is
suspended in alcohol, decomposed by hydrogen
sulphide, and the solution filtered and evaporated
(Bochleder).

Caffetannic acid is readily soluble in water
and in alcohol ; it lias an astringent taste, gives
adark-green colouration with ferrie ehloride, and
reduces silver solution. It is not precipitated
by gelatin or by tartar-emetic, but it gives a pre¬
eipitate with salts of quinine. Its ammoniacal
solution becomes green on exposure to air
tlirough absorption of oxygen and formation of
viridic acid. Caffetannic acid yields catechol on
dry distillation and protoeatechuic acid on fusion
with potash.. Wlien it is boiled with potash
solution it is decomposed into cafîeic acid and a
sugar CsH1004 (?) (Hlasiwetz, A. 14*2, 220).
Viridic acid is also présent in cofiee berries in
the form of calcium sait (Bochleder, A. 63,197),
and is produced by the atmospheric oxidation of
an ammoniacal solution of caffetannic acid ; the
green solution obtained is neutralised by acetic
acid and lead acetate added, when a blue preei¬
pitate of lead viridate is obtained. See also
Bochleder, A. 82, 196; Sitz. B. 24,39; Payen,
A. Ch. [3] 26, 108; Liebich, A. 71, 57; Pfaff,
S. 62, 31 ; Vlaanderen and Mulder, J. 1858, 261.

Callutannio acid CHH]4On iscontained in the
common ling, Calluna vulgaris. The plant
(without the root) is extracted with alcohol ; this
is ihen distilled off, the residue mixed with
water, and the solution obtained precipitated
with lead acetate. The preeipitate is treated
with very dilute acetic acid, filtered, the solution
treated hot with basic lead acetate, the preeipi¬
tate decomposed by hydrogen sulphide, and the
solution thus obtained evaporated in a current
of carbon dioxide.

Callutannic acid is an amber-coloured sub¬
stance. It gives a green colouration with ferrie
ehloride, and when it is heated with dilute
minerai acids it yields a yellow amorphous an-
hydro- derivative C,4H|nO„ which is soluble in
hot, but nearly insoluble in cold, water (Boch¬
leder, A. 84, 354 ; Sitz. B. 9, 286).

Catechutannic acid v. vol. i. 447
Cherry-bark tannin. According to Boch¬

leder (Sitz. B. 59, 819) the bark of Cerasus
accda contains a tannin of the composition
C.|H.,„0lt + -5H2O. In order to obtain it, the
décoction of the bark is first treated with zinc
acetate, which throws down fuscoplxlobapb.cn, a
brown amorphous substance of the composition
CiAjOij. On adding lead acetate to the filtrate,
the lead sait of the tannin is precipitated to-
gether with rubrophlobaphen C35H340]7(?), a
brick-red substance which can be dissolved and
separated from the tannin preeipitate by acetic
acid. The tannin C21H20O13 + AH20, obtained by
decomposing its lead. sait with hydrogen sul¬
phide, gives a green colouration with ferrie
ehloride. It is not a glucoside, but when its
solution is heated with dilute acids an insoluble

redproduct C21H1BOs + fH20 is produced.

Puscophlobaphen appears to be a glucoside,
dilute acids decomposing it with formation of
a brick-red product 02iH180a + AH.O and a ear-
bohydrate. When it is fused with potash it
yields formic, acetic, propionic, oxalic, and
protoeatechuic acids.

Bubrophlobaphen is decomposed by minerai
acids, with formation of protoeatechuic acid and
a nearly insoluble red substance C21H22O0 + jH20.

Cinchonatannic aeid v. Quinotannic acid.
Cinchona-red v. Quinotannic. acid.
Cocatannic acid C17H22010 + 2H20(?) is pré¬

sent in the leaves of Èrythroxylon Coca, from
which it can be extracted by boiling water ; the
cocaïne which is also présent in the décoction is
precipitated by the addition of sodium carbonate
(Niemann, J. 1860, 368). Warden (Ph. 18,985)
extracted the leaves with 90 p.c. alcohol contain-
ing one-sixtieth of its weight of sulphuric acid,.
and obtained cocatannic acid after purification,
in microscopic filiform crystals of a sulphur-
yellow colour, odourless and practically taste-
less. It is very sparingly soluble in cold water,
absolute alcohol, ether, and chloroform ; readily
soluble in boiling water. It gives précipitâtes
with lead acetate, tartar-emetic, and egg-albu-
min, but not with gelatin. It reduces gold and
silver solutions, gives no reaction with ferrous,
but a green colouration with ferrie, salts.

Cortepinitannic acid occurs, together with
pinicortannic acid, in the bark of the Scotch fir,
l'inus sylvestris. For its séparation see Pini¬
cortannic acid. It is a bright red powder of the
composition C32H340,7( = 2C,gH,407 + 3H20) ; its
aqueous solution gives an intense green coloura¬
tion with ferrie ehloride (Kawalier, Sitz. B. 11,
363).

Divi-divi v. vol. i. 698. Divi-divi contains
ellagotannic acid (q. v.) C1(H10O10 (Lôwe, Fr. 14,
35), and gallic acid (Stenhouse, A. 45, 16).

Ellagic acid v. vol. ii. 6.
Ellagotannic acid Gl4H,„O10 occurs in divi-

divi (Lôwe, Fr. 14, 35), in algarobilla (Zôlffel,
Ar. Ph. 229, 123), and in myrobalans (Lôwe, l.c.
44; Zôlffel, l.c.). Lôwe obtained it from divi-
divi by repeated extraction with cold alcohol ;
the latter is then distilled off, the residue mixecl
with water, filtered, and the ellagotannic acid pre¬
cipitated by the addition of sait. He describes
it as a brownish amorphous mass. When it is
heated with water at 110° it breaks up into
ellagic acid and water. The molecule of ellago¬
tannic acid contains five hydroxyl groups re-
placeable by acetyl ; its constitution is repre-
sented by Zôlffel (l.c.) as

CsH2(OH)3.CO.O.O.CsH2(OH)2COOH.
Ellagotannic acid gives précipitâtes with

gelatin, albumin, alkaloids, tartar-emetic, and a
nearly black preeipitate with ferrie acetate
(Lôwe). Its aleohoîic solution is precipitated
by lead acetate, and the lead sait obtained has
the composition 2C]4H10O,0.5PbO.

Euphrasia-tannin. According to Enz, the
green parts Euplirasia officinalis contain a tan¬
nin which gives a green eolour-reaetion with
ferrie salts. Its lead sait has the composition
C32H20Pb3O2Ç (Vierteljahrsch. Ph. 8, 175).

Filitannic acid v. Filix Mas, vol. ii. 138.
Fragarianin v. Strawberry tannin.
Fraxitannic acid C2aH32014 is one of the

chief constituents of an aqueous décoction of
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the leaves of the ash tree, Fraxinus excelsior.
In order to obtain it, the solution is precipitated
with lead acétate, and the precipitate treated
with hoiling 10 p.c. acetic acid, which dissolves
the lead fraxitannate. The solution is then frac-

tionally precipitated with ammonia, the purest
fractions decomposed by hydrogen sulphide, and
the solution evaporated to dryness in a vacuum
over sulphuric acid ; the residue is extracted
with absolute alcohol in a closed flask filled
with carbon dioxide, the solution is distilled in
a barrent of the same gas, the residue dissolved
in water, and the solution filtered and then
evaporated in a vaeuurn. The product forms a
golden-yellow déliquescent powder ; it has a
rough, bitter taste, and its solution feebly reddens
litmus. Sulphuric acid, hydrochlorie acid, and
sodium chloride precipitate it from its mode-
rately-coneentrated solutions. Tartar-emetic
gives no precipitate, ferrie chloride gives a dark-
green colouration and precipitate, and normal
lead acetate gives a golden-yellow precipitate
with aqueous solutions of the acid. Fraxitan-
nic acid reduces Fehling's solution, but it does
not yield glucose when heated with dilute acids
or baryta-water. When heated at 100° it loses
water and forms an almost insoluble anhydride
Co3H,0013 (Gintl and Beinitzer, M. 3, 745).

Gintl and Eeinitzer have also described an

acetyl derivative C,3H14(0C2H30)205, the corre-
sponding benzoyl derivative, and a bromacetyl
compound of the composition

CMH2?(OC2H.,O)<Br3O10 + 2H20,
from which it is concluded that fraxitannie
acid contains four hydroxyl groups. When a
solution of fraxitannie acid is repeatedly evapo¬
rated in ari open vessel, a brown substance
C6:,H.,0.,7 is produced, which is insoluble in
water but soluble in absolute alcohol, and reacts
like fraxitannie acid with ferrie chloride and

Fehling's solution. Its benzoyl derivative has
the composition C63H66(C7H30)6027.

The small residue insoluble in absolute alco¬
hol, which is left during the purification of
fraxitannie acid (v. supi-a), is a lustrous brown-
black friable substance readily soluble in water.
Its composition is C13H|608. Its solution gives
a brown-green precipitate with lead acetate, and
a dirty brown-green precipitate with ferrie
chloride.

Fustic v. vol. ii. 173.
Galitannic acid Cl4HleO]0 + H2O is the name

given to a tannin occurring in the bark of
Galium verum (Schwarz, A. 83, 57). It has a
bitter astringent taste, gives a chrome-yellow
precipitate with basic lead acetate, and a dark-
green colour-reaction with ferrie chloride.

Gallotannic acid, tannic acid, or tannin
CI4H,oO0, occurs in the gallnuts of various
species of oak, in Chinese and Turkish gall¬
nuts, and in certain kinds of sumac (q. v.).
Berzelius was the first to • obtain it in a state
approaching purity (Lehrb. 3 Aufl. 6, 213). It
was held, however, by the earlier experimenters
to be a glucoside, and in aceordance with this
view Strecker (A. 81, 247 ; 90, 340) proposed
the formula C.J7HL./)I7. Eochleder aud Iiawalier
subsequently showed that the amount of glucose
obtainable from it varied with the degree of
purity of the tannin, and by very careful purifi¬
cation they succeeded in reducing the yield of

sugar to about 5 p.c. (J. pr. 74, 28 and 399),
whilst Streeker's formula required 291 p.c.
Schiff finally established the true nature and con-
stitution of gallotannic acid (A. 170, 43), and
accounted for the origin of the glucose byas-
suming that gallotannic acid exists in the gall-
nuts in the form of a very unstable glucoside,
so unstable that it becomes hydrolysed during
the proeess of extraction. Schiff showed that
gallotannic acid has the constitution

CdH2(OH)3CO.O.CaH2(OH)2COOH,
this being proved by the following considéra¬
tions : (1) that it possesses marked acid pro-
perties ; (2) that it yields a pentacetyl derivative
when heated with acetic anhydride ; (3) thu
it can be readily and quantitively hydrolysed
with formation of gallie acid; and (4) that a
substance exhibiting the properties of, and pro-
bably identical with, gallotannic acid can le
obtained by the action of arsenic acid or phos-
phorus oxychloride on gallic acid (Schiff, i.e,;
Lôwe, Z. 1868, 603). Compare also Seguin,!
Ch. 20, 15; Berzelius, ibid. 94, 318; Lehrb. 3
Aufl. 6, 213; Gmelin-Krant ; Pelouze, A. Cl.
54, 337 ; Liebig, A. 10, 172 ; Biichner, A. 53,
175 ; Stenhouse, P. M. 1843, 417 ; "Wetherill.
J. Ph. [3] 12, 107; Mulder, A. 31, 124; Freda,
G. 1878, 9.

Préparation.—See vol. ii. 302.
Properties.—Gallotannic acid is an almost

colourless, amorphous substance, which becomes
yellow when exposed to light. It is inodorous,
has a strongly astringent taste, dissolves readily
in water and in alcohol, is almost insoluble ii
pure anhydrous ether, whilst in ether eontaining
water it dissolves with séparation of a dense
and mainly aqueous solution, the upper ethereal
layer eontaining but little tannic acid. It is
soluble also in acetone, in glycerin, and in the
iixed and volatile oils ; it is insoluble in carboi
bisulphide, chloroform, petroleum, and benzene.
Its aqueous solution reddens litmus, décomposé
carbonates, and gives a blue-black colouration
and precipitate with ferrie salts ; it gives pré¬
cipitâtes also with tartar-emetic, with the alla-
loids, with gelatin, albumin, and starch sols-
tions. The gelatin precipitate contains 165
p.c. nitrogen, which corresponds with 31 p.t.
tannin (Bôttinger, A. 244, 227). Gallotannit
acid is also precipitated from its solutions byi
number of salts, such as sodium chloride, am¬
monium chloride,potassium sulphate, potassium
acetate, and others, and also by sulphuric atil
and hydrochlorie acid, but not by potassie
nitrate or sodium sulphate (Strecker, A.90,361)-

Gallotannic acid is precipitated by W
acetate, and as the lead gallotannate is insoluble
in dilute acetic acid whilst lead gallate is il-
soluble, Guyard (Bl. 41, 337) proposedtbeuï
of these reagents for distinguishing and sepw-
ting gallic and gallotannic acids. Accordinjt'
Spence (S. C. I. 1890, 1114), however, hereie
very little différence in solubility, and be se
cannot be dissolved without the other.

When gallotannic acid is heated to 150-1®
it darkens in colour, and at 215° it décomposé
yielding pyrogallol, carbon dioxide, and a tas
of metagallic acid CaH402 ; if, however, it
heated rapidly to 240-250°, metagallic acid 9
produced without pyrogallol, water being ait
formed (Pelouze, A. 10, 159). When a dilo-':
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solution of gallotannic acid is exposed to the
air, it becomes discoloured, oxygen is absorbed,
whilst gallic acid and carbon dioxide are pro-
duced. Guyard (Bl. 41, 336) has shown, how-
evev, tbat air purified by being passed tkrough a
sériés of tubes eontaining potash solution,
cotton-wool, soda-lime, and calcium cliloride
lias no action on a solution of tannin, and con-
cludes that the décomposition mentioned is,
therefore, in ail probability due to atmospherie
particles or ferments which possibly act without
the co-operation of oxygen. Ozonised air oxidises
gallotannic acid with formation of oxalic acid
(Gorup-Besanez, A. 110, 86) ; cold dilute nitric
acid oxidises it to carbon dioxide, oxalic acid,
andother products, amongst which appear to be
trihydroxyglutaric and trihydroxybutyric acids
{Bôttinger, A. 257, 248). Gallotannic acid re¬
duces silver carbonate to métal, and solutions of
ferrie, cupric, and mercuric salts to the ferrous,
cuprous, and mercurous condition. It reduces
Fehling's solution, 4 grm. cupric oxide corre-
spondingwith 0-4126 grm. tannin (Sonnenschein,
D. P. J. 256, 555). In the presence of alkali,
gallotannic acid becomes rapidly oxidised by
atmospherie oxygen. When it is boiled with
potash solution (sp. gr. 1-27), the potash being
iept in slight excess, tannomelanic acid CBH403
isproduced, but when gallotannic acid is dis-
solved in cold caustic potash solution and ex¬

posed to the air for three or four days at
the atmospherie température, tannoxylic acid
C.HjOj is formed (Biickner, A. 53, 373 ; Ger-
herdt's ' Traité,' 3, 874).

When gallotannic acid is boiled with dilute
sulphuric acid it becomes hydrolysed, and gallic
acid is produced :

CiH,(OH).,CO.O.C6H,(OH).,.COOH + H..0 =
2C„H,.(OH).)COOH

and the same décomposition can be effected by
boiling with dilute alkali or by the action of a
ferment, Pénicillium glaucum or Aspergillus
niçjcr (van Tieghem, C. B. 65, 1092).

When gallotannic acid is boiled with acetic
anhydride, it becomes converted into its pent-
acetyl derivative

C6H2(0C2H3O)3CO.O.CBH2(OC2H3O)2COOH,
a crystalline substance which melts at 137° ; it
gives no colour-reaction with iron salts (Schiff,
le., 72; Bôttinger, B. 17. 1504).

When dilute solutions of tannin and iodine
are mixed, a colourless liquid is obtained which
forms a very delicate test for alkalis, with which
it gives a red colouration. The colouration is per¬
ceptible with a solution eontaining one part of
potassium carbonate in 1,000,000 (Griessmayer,
Fr. 11, 43 ; Schweissinger, C. N. 51, 114).

Salts—Gallotannic acid forms normal and
basic salts, a number of which have been pre-
pared. Compare Biichner, A. 53, 361 ; Ger¬
land, C. N. 8, 54 ; Cap, Viertelj. Ph. 8, 589 ;
Harff, Ph. C. 1836, 350 ; Helrn, Viertelj. Ph. 11,
99; Mulder, B. P. [3] 1, 311, 2, 38 ; Schiff, A.
175, 168 ; 104, 327 ; Strecker, A. 90, 347 ;
Pelouze, A. 10, 153 ; Pavesi and Botondi, B. 7,
590; Willstein, B. P. 95, 289.

Uses.—Gallotannic acid is employed in thepre-
paration of gallic acid and pyrogallol ; it is used
also in medicine, in the préparation of ink, and
is a mordant in dyeing. It is also recommended

for clarifying sugar solutions (Germ. Pat. 1886,
39,279).

Hemlock-tannin C2„H18O,0. Hemloek-bark
extraet is prepared on a very large scale in
North America for tanning purposes. The
tannin contained in it appears to be related to
quercitannic acid C]9HIBO10, and is regarded by
Bôttinger as a homologue of the latter. When
the tannin solution is heated for some time with
concentrated hydrochloric acid, or with sul¬
phuric acid, an anhydride, hemlock-red C40H30O17
separates, forming a red powder ; it is insoluble
in water, alcohol, and ether, but dissolves in cold
dilute caustic soda and in warm sodium carbon¬
ate solution. On heating hemlock-red with
concentrated hydrochloric acid at 180°, a black
produet is obtained, whilst methyl chloride,
carbon dioxide, and water are given off. When
heated with acetic anhydride, hemlock-red is
converted into a brownish-yellow acetyl deriva¬
tive C40H21(C2H3O)7O17 insoluble in water, alcohol,
and acetic ether. À mixture of two bromine
derivatives CJ0H20Br10O,7 and C,0HloBr14O,7 is
obtained by the action of bromine on hemlock-
red suspended in chloroform, and these are
separated by means of ether, which dissolves the
higher bromination produet only. An ethyl-
derivative obtained by heating hemlock-red with
ethyl iodide and alcoholic potash at 130° is in¬
soluble in dilute caustic soda, but dissolves
readily in alcohol (Bôttinger, B. 17,1125). When
bromine is added to the diluted tannin extract a

tetrabromo- derivative C20H14Br4O10 is thrown
down as a yellow precipitate readily soluble in
alcohol, acetic ether, and glacial acetic acid, very
readily also in acetone and in acetic anhydride,
but is insoluble in chloroform and in carbon
bisulphide. Alkalis and their carbonates dis¬
solve it, forming brown solutions. Tetrabromo-
hemlock-tannin behaves like hemlock-red when
heated with hydrochloric acid ; when heated
with acetic anhydride it yields a tetrabromo-
pentaeetyl derivative C.20H,,(C2H3O)5Br4O10, and
when suspended in chloroform and treated with
bromine it gives a hexabromo- compound
C20H,„BrBO10 (B. 17, 1041).

Hop-tannin is prepared as follows. The
hops are extracted first with ether, then with
absolute alcohol to remove resin, wax, and
chlorophyl, and finally with 70 p.e. alcohol (by
volume). On adding lead acetate to this extract,
phlobaphen is first preeipitated and is separated ;
the tannin is then thrown down by the further
addition of lead acetate, and the precipitate is
decomposed by hydrogen sulphide. Hop-tannin
is readily soluble in water, in dilute alcohol, and
in acetic ether, less soluble in absolute alcohol,
and insoluble in ether. Its aqueous solution
gives a precipitate with albumin, but does not
precipitate either gelatin or tartar-emetic ; it
can be preeipitated by sodium chloride and by
minerai acids. It gives a dark-green coloura¬
tion with ferrie chloride, reduces alkaline copper
solutions, and gives a yellow precipitate with
lead acetate. Hop-phlobaphen Cr,„H4B025, ob¬
tained from the first lead acetate precipitate
mentioned (v. supra), is a black-red substance
somewhat soluble in boiling water, readily in
alkalis, and sparingly in dilute minerai acids.
Boiling dilute sulphuric acid hydrolyses it, with
formation of glucose and hop-red C39H2b04j.
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Ilop-red forms a cinnamon-eoloured powder,
which on fusion with potash yields phloroglucinol
and protoeatechuic acid ; its alkaline solution
does not reduce Fehling's solution (Etti, A. 180,
223).

Aecording to a more recent statement of
Etti's (M. 10, 651), hop-tannin lias the composi¬
tion CjJEÇgO,,.

Horsechestnut-tannin C26H2.,0]2 is présent in
nearly ail parts of the tree JEsculus Hippo-
castanum, and in the root-bark of the apple-tree
(Rochleder, Sitz. B. 53 [2] 478; 54 [2] 609).
It is an amorphous nearly colourless substance,
having a strongly astringent taste, is readily
soluble in water, alcohol, and in ether. Its
solution gives an intense green eolouration with
ferrie chloride, which changes to violet on add-
ing an alkali ; it is preeipitated by gelatin, but
not by tartar-emetie. When it is heated with

- dilute minerai acids, the solution beeomes red
and a cinnabar-coloured substance separates ;
this has the composition C25H22On or C^H^C),,,,
aecording to the strength of acid used. Tlie
compound exists in two modifications,
one soluble and the other insoluble in alcohol.

When horsechestnut-tannin is heated at 127°
it beeomes converted into a greyish substance of
the composition C^H^O,,, but which dilïersfrom
the substance of the same composition obtained
by the action of an acid in that it cannot be re-
converted into the original tannin by boiling
with water. Horsèchestnut-tannin is completely
preeipitated by aluminium hydrate; it is pre¬
eipitated also by lead acetate, and the precipitate
is soluble in dilute acetic acid. On fusion with
potash, phloroglucinol and protoeatechuic acid
are produced. V. also Pliyllœscitannin.

Ipecacuanhic acid CuHlg07 was obtained by
Willigt (A. 76, 342) from the roots of Cephalis
Ipecacuanha by extraction with boiling alcohol,
and was isolated by means of its lead sait. It
is a reddish-brown, very bitter, amorphous, and
very hygroscopic substance, soluble in water,
alcohol, and in ether. Its solution gives a green
eolouration with ferrie chloride.

Kino v. vol. ii. 386.
Larch-tannin. The bark of the larch contains

considérable quantities of a tannin, which was
examined by Stenhouse (P. M. 23, 336). Larch-
tannin gives a precipitate with gelatin, but not
with tartar-emetic. It gives an olive-green pre¬
cipitate with ferrie salts. When it is boiled with
sulphuric acid no sugar is produced ; the scarlet
solution which is obtained deposits red fiocks,
sparingly soluble in cold water but readily
soluble in alcohol and in alkalis, forming rieh
scarlet solutions.

Xeditannic acid v. vol. ii. 458.
Maclurin v. Fcstic.
Mangrove-bark contains a tannin which

gives a green colour-reaction with ferrie chlor¬
ide, and which yields a brownish-red amor¬
phous precipitate when it is boiled with dilute
sulphuric acid. Itis not a glueoside (Stenhouse,
Pr. 11, 405).

Morin v. Fustic.
Myrobalans were shown by Stenhouse (P. M.

23, 334) to contain gallic acid and a tannin,
differing from gallotannic acid. Lôwe (Fr. 14,
44) showedthisto be ellagotannic acid C]4H,0O10,
jdentical with the tannin contained in divi-divi.

Aecording to Zôlffel (Ar. Ph. 229, 123), myro¬
balans contains mainly ellagotannic acid, but
also, in smaller quantity, a glueoside of gallo¬
tannic acid and some gallic acid.

The glueoside présent yields glucose and
gallic acid on hydrolysis.

Myrobalans- are used for tanning and for the
production of a black dye.

Nucitannic acid oecurs, together with gallic
and ellagic acids, in the episperm of the walnut
(Phipson, C. N. 20, 116). It is soluble in water
and in alcohol, can be preeipitated by lead ace¬
tate, and is resolved, by boiling with dilute acids,
into glucose and a brownish-red amorphous sub¬
stance, rothic acid C14II1207, which separates as
the liquid cools. Rothic acid is readily soluble
in alcohol and in ammonia.

(Enotannin was obtained by Gautier from red
wine (Bl. 27, 496). The wine is carefully neu-
tralised with sodium carbonate, ammonium
chloride added to precipitate colouring matter,
and the filtrate digested with freshly-precipitated
copper carbonate ; on decomposing the copper
precipitate with hydrogen sulphide, œnotaunin
is obtained. It is a colourless substance, soluble
in water, alcohol, and in ether. It gives a green
precipitate with ferrie chloride, is imperfectly
preeipitated by gelatin ; it reduces hot ammonia¬
cal silver solution, but does not reduce Fehling's
solution. When œnotanuin is exposed to moist
air, it beeomes converted into an insoluble red-
coloured substance, which is probably related to
the colouring matter of red wine.

Oxypinitannic acid v. Pinitannic acid.
Phyllœscitannin C.,BH2lO|3,H20 is the name

given by Rochleder (Z. 1867, 84) to a tannin
présent in the small leaflets of the horsechest-
nut as long as they remain inclosed in the buds.
In order to obtain it, the alcohol extract oi the
leaflets is treated with lead acetate, the precipi¬
tate digested with dilute acetic acid, and the
undissolved residue decomposed by hydrogen sul¬
phide. Phyllœscitannin is an amorphous reddish-
brown substance, having a strongly astringent
taste.

Pinicortannic acid and cortepinitannic acid
occur in the bark of the Scotch fir, Pinus sylm-
tris. The bark, gathered in winter from old
trees, is extracted with alcohol, the solution
concentrated, allowed to cool, and filterel
from a wax-like substance which separates. The
greater portion of the alcohol is then distilled of,
and the residue mixed with water. On addins
lead acetate to the solution, lead pinicortannai!
is preeipitated, whilst cortepinitannic acid still
remains in solution, and can be preeipitated by
the addition of basic lead acetate. The leai
pinieortannate is dissolved in dilute acetic acid,
filtered, throryn down with basic lead acetate, and
the precipitate decomposed byhydrogen sulphide.
The solution of pinicortannic acid is evaporated
in a current of carbon dioxide, and the prodmt
dried in a vacuum. It forms a reddish-broo
powder, of the composition

C32H38021 = 2CleH1B011 + H20.
After it has been dried it dissolves very spa¬
ringly in water. When it is boiled with dilute
hydrochloric acid it beeomes dehydrated auJ
converted into a bright-red compound C4SHa0»
( = 3CibH16O,0 + H2O). The solution of pinicor¬
tannic acid gives a green eolouration with ferrie
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chloride (Kawalier, Sitz. B. 11, 361). See also
Cortepinitannic acid.

Pinitannic acid CnH1808, and Oxypinitannic
acid Ci4H1603, occurin the needles o£ the Scotch
iir, Pinus sylvestris (Kawalier, Sitz. B. 11, 356).
The needles are exhausted with alcohol, the ex¬
tract evaporated, and the residue treated with
water, which throws down some resinous matter ;
a few drops of a solution of lead acetate are
added to aid clarification, and, after filtration, an
excess of the same reagent is added to precipi-
tate the oxypinitannic acid. The filtrate frorn
this is lieated to the boiling-point, and the pini-
tannie acid thrown down by the addition of basie
lead acetate. Pinitannic acid is also présent in
the green parts of the common arbor vitœ,
Thuja occidentalis (Rochleder, Sitz. B. 29, 20).
It is a reddish-yellow substance, of the composi¬
tion CuH]6Os, is readily soluble in water, alcohol,
and ether ; it does not preeipitate either gelatin
or tartar-emetic, but gives a yellow preeipitate
with lead acetate, readily soluble in dilute acetic
acid, and a dark red-brown colouration with ferrie
chloride. It reduces ammoniacal silver solution,
ïïhen it is boiled with dilute acids, it yields a
sparingly-soluble red product and a substance
wliieh reduees alkaline copper solutions (Roch¬
leder and Kawalier, Sitz. B. 29, 21).

Oxypinitannic acid is a brownish-grey sub¬
stance, readily soluble in water and in alcohol.
It has a very astringent taste. Its solution gives
an intense green colouration with ferrie chloride,
a lemon-yellow preeipitate with lead acetate, and
is not precipitated by gelatin or tartar-emetic ;
reduces hot ammoniacal silver solution. When
it is boiled with dilute hydrochloric acid, the
solution acquires a carminé colour, and when
treated with concentrated sulphuric acid a red
solution is obtained, which gives a flocculent
preeipitate on the addition of water (Kawalier,
Sitz. B. 11, 356).

Pomegranate-tannin C29H180]3 is a glucos-
ide contained in the root-bark of Punica Gra-
mtum. On adding basic lead acetate to an
aqueous décoction of the bark, gallotannic acid
is firstprecipitated and thon the above-mentioned
tannin. Pomegranate-tannin is an amorphous,
greenish-yellow substance, having an astringent
taste. It is insoluble in alcohol and in ether ; it
reduces silver solution and Fehling's solution, is
precipitated by gelatin and by tartar-emetic, and
gives a black preeipitate with ferrie salts. Boil-
ing dilute sulphuric acid hydrolyses it, with
formation of a sugar C8H1208, and ellagie acid
(Rembold, A. 143, 285).

Pteritannic acid v. Filix mas.

Quebrachitannic acid may be obtained from
the gum or from thewood of Qucbraclio Colorado.
The purified gum is dissolved in boiling water
and the solution filtered and left to cool, when the
tannin will be deposited in reddish tufts and
should be quickly filtered off, pressed, and dried
over sulphuric acid. It is a pale-red amorphous
substance, having an astringent taste. It is pre¬
cipitated from its aqueous solution by various
salts, and it also yields précipitâtes with lead
acetate, tartar-emetic, gelatin, albumin, and the
alkaloids ; it gives a green colouration with ferrie
chloride. Quebrachitannic acid yields eatechol
on dry distillation, and phloroglucinol and proto-
catechuic acid on fusion with potash. . Strong

nitric acid oxidises it to oxalic and picric acids.
According to Arata, quebrachitannic acid con-
tains 52-52 p.c. carbon and 5-11 p.c. hydrogen
(Arata, Anales de la Sociedad Cientiûca Argen-
tina, Feb. 1879 ; Jean, Bl. 28, 18).

When bromine is added to the tannin extract

prepared from quebraeho wood, a bromine deri-
vative is obtained containing 44-5 p.c. bromine.
This bromo-tannin, dissolved in alcohol, reacts
with hydroxylamine hydrochloride. When it is
heated with concentrated hydrochloric acid at
189-190° it yields a black product, whilst hydro-
bromie acid, carbon dioxide, and a gas which
burns with a green fiame (methyl chloride ?) are
evolved (Bôttinger, B. 17, 1124).

Quercitannic acid is found in the bark, wood,
and leaves of the oak, and is said to be présent
also in tea (g. v.). It was first shown by Sten-
house to difïer from gallotannic acid (P. M. 22,
425). According to Etti (M. 10, 650), quercitan¬
nic acidis présent in the oak mainly in theform
of a very soluble sait (probably magnésium sait),
and is best prepared from the commercial ex¬
tract which is manufacture! for tanners. The
extract is diluted with water, allowed to settle,
and filtered. Concentrated hydrochloric acid is
added to the filtrate as long as a preeipitate is
produced, and this is separated, well washed,
dried, dissolved in 95 p.c. alcohol, and the solu¬
tion filtered and mixed with 1) times its volume
of water. The filtrate from the black preeipitate
which is produced is evaporated to dryness, and
if the residue is completely soluble in spirit of
40-45° it is regarded as pure. Compare also
Bôttinger, A. 202, 270 ; Lôwe, Fr. 20, 210 ; Etti,
M. 1, 264.

Quercitannic acid was formerly held to be a
glucoside (Grabowski, Sitz. B. 56 [2] 388 ; Oser,
ibid. 72 [2] 178 ; Johansen, Ar. Ph. [3] 9, 210 ;
Bôttinger, B. 14, 1598), but Etti showedthat the
pure substance did not yield a trace of sugar,
and he attributed the error to an impurity of
levulin, which is présent in oak bark (B. 14,
1826 ; M. 4, 512). V. also Lôwe, Fr. 20, 208.

Various formulœ have beenassigned to quer¬
citannic acid, namely : C„„H20O1) (Oser, l.c.),
C29Hjo015 (Lôwe, l.c.), C19H160]„ (Bôttinger, B. 16,
2712), C15H1209 + 2H,0—contained in oak wood
(ibid. B. 20, 761), CJ7H1B09, C18H1809, and
C20H20O9—from différent species of oak bark
(Étti, M. 10, 650), and C,.,H1409—from oak wood
(ibid. l.c.) ; and althougli it is most improbable
that each of these formulœ represents a distinct
substance, it would appear from Etti's re-
searches that the same quercitannic acid is not
présent in ail oaks. The tannin C)7H]609 ob¬
tained from Quercus robur gives a blue colour-
reaction with ferrie chloride, whilst that,
O29H20O9, obtained from Q. pubescens gives a
grass-green colouration and preeipitate with the
same reagent. In other respects, however, the
différent quercitannic acids behave very much
alike, and are no doubt similarly constituted
(Etti, B. 17, 1823; M. 1, 525).

Quercitannic acid is described by Etti as a
reddish-white powder, readily soluble in dilute
alcohol, less so in ethyl acetate, and sparingly
soluble in cold water. It gives a pale-yellow
preeipitate with lead acetate, and is precipitated
also by gelatin, albumin, tartar-emetic, and the
alkaloids. One of its most characteristic pro-
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perties is the readiness with which it forms
sparingly - soluble reddish - brown anhydrides
when heated either by itself or with dilute aeids
(v. infra). When quercitannic acid is heated
with dilute sulphuric acid at 130-140° in a
sealed tube it yields about 1*5 p.c. gallio acid,
whilst the greater portion is eonverted into an¬
hydrides (Etti, B. 17, 184) ; when it is heated
with eoncentrated hydrochloric acid at 150-180°
a little gallic acid is also produced, together with
oak-red and some methyl chloride (ibid. M. 1,
274), and when it is boiled with acetic anhydride
acetyl derivatives of its anhydrides are pro¬
duced. On dry distillation it yields small quan¬
tifies of dimethylcatechol, catechol, and a pro-
duet not identiiied ; and on fusion with potash
it gives protocatechuic acid, catechol, and traces
of phloroglucinol.

By the action of bromine on aqueous oak
bark extract, Bôttinger obtained &dibromoquerci-
tannic acid C|,,Hl4Br2O,0 as a yellow preeipitate,
sparingly soluble in water, moderately in alcohol
and in acetic ether, but very soluble in a mix¬
ture of the last two solvents, and readily also in
dilute alkalis. When it is heated (not above 80°)
with acetic anhydrides it yields pentacetyldi-
bromoquercitannic acid C19H,(C2H30)5BroO,0,and
when heated with eoncentrated hydrochloric acid
at 180°, methyl chloride, carbon dioxide,hydrogen
chloride, and water are liberated, whilst a black
product (C|7H.,Oy)a:(?) is obtained. Dibromo-
quercitannic acid reacts with hydroxylamine
liydrochloride, forming ClnH]5Br2NO10. When
it is suspended in chloroform and further bro-
minated it yields tetrabromodehydroqucrcitannic
acid ClsH,0BrjO]0.

Quercitannic acids from oak wood. Bôt¬
tinger obtained an oak-wood tannin

C15H1209 + 2H,0
by heating the crude tannin with acetic an¬
hydride, and afterwards deeomposing the acetyl
derivative formed by heating it with water at
135°. It is a light yellowish-brown substance,
readily soluble in water. Its aqueous solution
gives a pale-yellow preeipitate with lead acetate,
a white flocculent preeipitate with gelatine, but
no preeipitate with bromine. It loses 1 molecule
H.O at 100°, and the second molecule at 135°.
Etti's oak-wood tannin CuIIllO!l, obtained from
the extract by précipitation with hydrochloric
acid (M. 10, 651), is, on the other hand, a
brownish-red amorphous substance practically
insoluble in water and in absolute ether, and
very readily soluble in alcohol and in acetone.
It gives a yellowish-white preeipitate with lead
acetate, reacts with phenylhydrazine, forming
a yellow amorphous hydrazone C.„H20N2O8, and
with hydroxylamine forming a brown amorphous
oxime C1GHl5N09. When it is heated with dilute
sulphuric acid at 120-130° it yields insoluble
anhydrides and some gallic acid. It contains
two methoxyl groups, but only one methyl group
can be removed by boiling with liydriodic acid
or by heating with hydrochloric acid ; the pro¬
duct C15H1209 from the last reaction can, how-
ever, be proved by Zeisel's method to still contain
methoxyl, and it is concluded, thereîore, that the
quercitannic acid C4GHI409 is a dimethyl deri¬
vative of C,,H|0O9.

The production of a small quantity of gallic
acid on heating quercitannic acid with dilute

acids, and the formation of a hydrazone and an
oxime, have led Etti to conclude that querci¬
tannic acid is derived from a ketonic acid
CGH,(OH)3.CO.CGH(OH)3.COOH, in which the
liydroxyl groups occupy the same position as in
gallic acid, and the oak-wood tannin C1GHl40,
is regarded as the dimethyl derivative of this
ketonic acid.

By the action of sodium-amalgam on the
acetyl derivative of oak-wood tannin, Bôttinger
(A. 263, 108) has obtained the following pro-
ducts : Hydroquercic acid C|5HisO, or C]SH„0,;
querlactone C5H802, an acid which is probably
trihydroxybutyric acid, a substance not yet
identified, and which very readily undergoes
oxidation ; also acetic, oxalic, and quercitannic
acids, and traces of gallic acid. Hydroquerck
acid is a greyish-brown hygroscopic substance,
has a bitter taste, is appreciably soluble in
boiling water, and readily in alcohol. Its acetyl
derivative C45H14(C2H30).,0G is a brownish-grey
powder ; its barium sait forms a voluminous
amorphous preeipitate which, when dried at
100°, has the composition (ClsHlsCh).>Ba ; and
its lead sait has the composition (Cl3H|50t)jPb.
Querlactone melts in boiling water, in which it
is but sparingly soluble ; it is readily soluble in
acetic acid, alcohol, ether, and ethyl acetate.
It reduces ammoniacal silver nitrate ; its lead
sait has the composition (C5HI03)2Pb.

When oak-bark tannin is treated with
sodium-amalgam, hydroquercic acid is also
obtained, together with hydroquergalic acii,
lagic acid 0,11,0.,, identical with the substance
obtained by the oxidation of gallic acid, tri¬
hydroxybutyric acid, and a little gallic acid.
Hydroquergalic acid C,,H1409 is a brownish-red
amorphous substance readily soluble in boiling
water, sparingly in cold water, and insoluble in
alcohol, ether, ethyl acetate, acetic anhydride,
and acetic acid.

Anhydrides. The terms phlobaphen and
oak-red have been applied—sometimes indis-
criminately—to the anhydrides of quercitannic
acid. Phlobaphen is, as its name implies, the
coloured constituent of the bark, and appears
to be identical with the anhydride obtained on
heating quercitannic acid at 130° (Etti), or,
according to Bôttinger, with the anhydride
formed when quercitannic acid is heated with
dilute minerai acid (A. 202, 269). For its pré¬
paration from oak-bark, v. Bôttinger (ibid. 270)
and Etti (M. 1, 269). It is described by the
latter chemist as a reddish-brown substance
practically insoluble in water and in ether;
readily soluble in alcohol. It is also soluble to
a considérable extent in solution of quercitannic
acid and in aqueous alkalis, forming with the
latter reddish-brown solutions which absorb
oxygen from the air and which reduce Fehling's
solution. The composition of phlobaphen is as
variously stated as that of quercitannic acid.
According to Grabowski (Sitz. B. 56 [2] 390),
its composition is C2SH24Oh, whilst Bôttinger
(A. 240, 339) assigns to it the formula C3SR2i0l:,
and Etti gives the formulas C34H30OII and
C40H38O4„ corresponding with the two querci¬
tannic acids C1;H10Os and C^H.^Og.

When phlobaphen is heated with alkyl
iodides and alcoholic potash, it yields ethereal
derivatives readily soluble in alcohol; heated
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with fuming hydrochloric acid at 180-230°, it
gives carbon dioxide and a lustrous black sub¬
stance CMHïïOn (Bôttinger, B. 16, 2711). Cold
dilute nitric acid oxidises phlobaphen with pro¬
duction o£ carbon dioxide, oxalic, and other
acids, apparently trihydroxyglutaric and tri-
hydroxybutyric acids (ibid. A. 257, 248). Ac-
cording to Bôttinger, phlobaphen contaius seven
hydroxyl groups replaceable by acetyl and ben-
zoyl groups, but no ketonic group. The same
investigator also describes a hcxabromo- deriva-
tive C,sH20Br3O17, which, when heated with
acetic anhydride, yields a hexabromo-heptacetyl-
compountl C38Hi3Brs(C2H30)7017, and a deca-
bromo- compound obtained by the bromination
of the hexabromo- derivative.

Etti states that the quercitannic acids yield
as many as four différent anhydrides, and the
following is the sériés obtained frorn the bark-
acid Cl7HlriO,, : (1) C34H3l>017, obtained by heat-
ing quercitannic acid at 130-140°, is sparingly
soluble in water, readily in alcohol and in alkalis,
and is identical with the phlobaphen of the bark
and with Grabowski's oak-red ; (2) C34H280>8, ob¬
tained by boiling the last with dilute sulphuric
acid; (3) C34H28015 (Oser's oak-red), formed
when quercitannic acid is heated with dilute
sulphuric acid; (4) C34H24014 (Lowe's oak-red),
obtained by lieating quercitannic acid with water
or dilute acid for eiglit days at 110° (Lôwe,
Fr. 20, 216). Etti's second quercitannic acid
Cs,HM08 also gives four différent anhydrides
(M. 4, 525). The anhydrides frorn Etti's oak-
wood tannin Ci6HuO,j liave the composition in-
dicated by the following formulœ : C.i2H24Ol8,

and C32H18013. The last of these differs
from the others in being insoluble in alcohol
and in potash ; it is devoid of acid properties.

Quinotannie acid or Cinchonatannic acid
is obtained from cinchona bark as follows ;

A décoction of the bark is treated with caleined
magnesia, which précipitâtes cinchona-red, and
lead acetate is added to the filtrate; the pre-
cipitate is decomposed by liydrogen sulphide,
and the filtrate from the lead sulphide is pre-
cipitated with basic lead acetate. The precipitate
is dissolved in dilute acetic acid, and the solution
filtered from undissolved impurity. On adding
aminonia to the solution, a pale-yellow lead sait
is precipitated ; this is again decomposed by
hydrogen sulphide, and the solution of quino¬
tannie acid is evaporated in a vacuum over
sulphuric acid (Schwarz, Sitz. B. 7, 250).

Quinotannie acid is a light-yellow, very
bygroscopic substance, soluble in water, alcohol,
and ether ; it has a slightly sour and astringent
taste, gives précipitâtes with gelatin, tartar-
emetic, albumin, starch, and a green precipitate
with ferrie salts. It readily absorbs oxygen
from the air, and when exposed in ammoniacal
solution becomes converted into cinchona-red
(Schwarz, l.c.). It is decomposed by boiling with
dilute hydrochloric or sulphuric acid, yiekling
a sugar and cinchona-red C28H220]4 (Rembold,
A. 143, 270), a brownish-red substance which
gives protocateehuic acid and some acetic acid
on fusion with potash. Cinchona-red is présent
in cinchona bark, and can be extracted from it
by ammonia ; the ammoniacal extract is acidu-
lated with hydrochloric acid, which précipitâtes
cinchona-red and quinovic acid. The precipitate

is boiled with milk of lime, the solution of cal¬
cium quinovate filtered off, and the residue
treated with warm dilute hydrochloric acid,
filtered, and washed. Cinchona-red is a chocolate-
brown substance, almost insoluble in water,
readily soluble in alcohol, ether, and in alkalis
(Schwarz). Aeeording to Schwarz, quinotannie
acid has the composition C44H1B09, and cinehona-
recl the composition CI2H4 ,07. Cf. also Berzelius,
Lehrb. 3 Aufi. 6, 246 ; Pelletier a. Caventou,
A. Ch. 15, 337.

Quinovatannic acid C14H1808 is contained in
the bark of Cinchona nova, and in many respects
resembles quinotannie acid (Hlasiwetz, A. 79,
129). It is a yellow substance, soluble in water
and in alcohol, but insoluble in ether. It gives
a dark-green colour-reaction with ferrie chloride.
When it is boiled with dilute acids it yields a
sugar and qinnova-red C,2H1205. This is also
présent in the bark, from which it can be ex¬
tracted by ammonia. It is an almost black
resin-like substance, is almost insoluble in water,
but dissolves readily in alcohol, ether, and in
alkalis. On fusion with potash, it yields proto¬
cateehuic acid (Bembold. A. 143, 273).

Rhamnotannic acid was obtained by Bins-
wanger (R. P. 104, 54) from the juice of buck-
thorn berries. When the juice, after being
coneentrated by evaporation, is exhausted with
hot alcohol, and the alcoholie solution evapo¬
rated and then mixed with water, rhamnotannic
acid is precipitated. After purification, it forms
a neutral, greenish-yellow amorphous mass,
having a bitter and astringent taste. It is
nearly insoluble in cold water, is readily soluble
in alcohol and in ether, and yields yellow solu¬
tions with ammonia, potash, and with lime-water.
It gives a yellow colouration and precipitate
with ferrie salts ; it does not precipitate gelatin.

Rhatany-tannin C20H20O8 can be extracted
from the bark of rhatany-root, Krameria trian-
dra and purified by means of its lead sait
(Wittstein, J. 1854, 656). Raabe (J. 1880, 1060)
describes it as a light-yellow amorphous powder,
readily soluble in water, alcohol, and acetic
ether, and almost insoluble in pure ether. It
gives a green colouration with ferrie chloride,
précipitâtes gelatin and albumin, but does not
give a precipitate with tartar-emetic ; it reduees
gold solutions and alkaline copper solutions.
When it is heated with dilute acids it yields in¬
soluble rhatany-red, and aeeording to Grabowski
(A. 143, 274) also a sugar, whilst Raabe (l.c.)
states that no sugar is produced. Grabowski
assigns to rhatany-red the formula C28H22On,
whilst aeeording to Raabe its composition is
C20HisOs. When rhatany-red is fused with
potash, ityields phloroglucinol and protocateehuic
acid. On dry distillation it yields catechol.

The rhatany-red which is présent in rhatany-
root bark appears to have a différent composition
from the red just described.

. lîaabe's formula for rhatany-tannin is deduced
from the composition of its lead and copper salts.

Rheotannic acid C2(iH2iJ0I4 is contained in
the aqueous extract of rhubarb-root, and may
be separated by means of its lead sait. It forms
a yellowish-brown powder, readily soluble in hot
water and in alcohol. Its solution is precipitated
by gelatin, albumin, and by alkaloids, but not by
tartar-emetic. It yields a blaek-green precipi-
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tate with ferrie ehloride; rêduces gold and silver
solutions, and is resolved by boiling with dilute
minerai acids into a fermentable sugar and rheic
acid C20H,6O9. This is sparingly soluble in cold
water, more readily soluble in alcohol and in
bot water (Kubly, Z. 1868, 308).

Rhodotunnic acid is présent in the leaves of
Èlwdodendron ferrugineum. The leaves are
extracted with alcohol, the solution evaporated,
the residue treated with water, and the solution
filtered and precipitated with lead acetate.
Ehodotannie acid is an amber-coloured substance

having an astringent taste. When dried in a
vacuum over sulphuric acid its composition
agréés with the formula 4C14H,207 + 3H20. Its
solution gives a green colour-reaction with ferrie
ehloride. When it is heated with dilute minerai
acids, a reddish-yellow precipitate of rhodo-
xanthin C14H1408 (?) is produeed (Schwarz, Sitz.
B. 9, 298).

Rubitannic acid 2CI4H220]2 + H20 was ob-
tained by Willigt (A. 82, 340) from the leaves of
Rubia tinctoria. It gives a green colour-reac¬
tion with ferrie ehloride.

Sorbitannic acid is contained in the juice of
the ripe berries of the mountain ash, Sorbus
aucuparia. The juice is fermented to remove
glucose, a little lead acetate is added, the solu¬
tion filtered, and the sorbitannic acid then pre¬
cipitated by the addition of an excess of lead
acetate. The precipitate is washed, decomposed
by hydrogen sulphide, and the solution evapo¬
rated in a vacuum ; the residue is treated with
absolute alcohol, and the solution again evapor
rated, when the sorbitannic acid is obtained as a
thick syrupy mass. It gives an intense yellow
colouration with alkalis, is not precipitated
either by alum, gelatin, or salts of quinine; it
reduces silver salts, and gives an intense dark-
green colouration with ferrie salts, the colour
beeoming reddish-brown on the addition of
alkalis. When its solution is heated with dilute
sulphuric acid, it becomes reddish-yellow, but
no precipitate is formed. Nitric acid produces
a deep-yellow colouration. .

Sorbitannic acid yields catechol on dry dis¬
tillation, and protoeatechuic acid and phloro-
glucinol when it is fused with potash (Vincent
and Delachanal, Bl. 47, 492).

Spruce-bark tannin C21H2„O]0 (?). By the
action of bromine on aqueous spruce-bark extract,
Bôttinger obtained an unstable bromo-tannin
to which he assigne! the formula C2,Hl4Br6O,0.
This reacts with liydroxylamine hydrochloride,
and when it is heated at 180-190° with concen-

trated hydrochloric acid it becomes decomposed,
with libération of methyl ehloride, carbon di-
oxide, hydrogen bromide, and water. When the
hexabromo- compound is treated with acetic
anhydride, it yields a pentacetylpentabromo-
derivative C21H5(C2H30)5Br50,0.

Spruce-rcd is produeed when the bark-ex-
traet is boiled with hydrochloric or sulphuric
acid, but the product, which is an insoluble
anhydride of spruce-bark tannin, varies in pro-
perties with the acid employed. When hydro¬
chloric acid is used, the product is brown and
yields an acetyl derivative of the composition
CjjHj.fCjHjOJjOj,, whilst the product from the
action of sulphuric acid is more yellowish-grey,
and yields an acetyl derivative of the composi¬

tion C21H]3(C2H3Oj3Oa. When spruce-red is sus-
pended in chîoroform and brominated, a bromo-
derivative of the composition O42H2iBr,0O1I is
obtained (Bôttinger, B. 17, 1127).

Strawberry-root contains a tannin fraga-
rianin, which, according to Phipson (C. N. 38,
135), is analogous to quinotannic acid. It basa
very pale-yellow colour, dissolves in water and in
alcohol, and is precipitated from its aqueous
solution by hydrochloric acid. It gives a green
colouration with ferrie ehloride, and when it is
boiled with hydrochloric acid.it becomes hydro¬
lyse!, with formation of glucose and séparation
of an amorphous reddish-brown substance
frcigarin. This is somewhat soluble in water,
alcohol, and ether, and dissolves in potash to a
fine reddish-purple solution. On dry distillation
it yields a substance which appears to be catechol,
and on fusion with potash it gives a little proto¬
eatechuic acid.

Sumac consists of the dried and powdered
leaves of various species of Rlius, especially
Bli. Coriaria. The kind known as Sicilian
sumac is considered the best. Lôwe (Fr. 12,
128) states that the tannin of Sicilian sumac
is identical with gallotannic acid (see also Sten-
house, A. 45, 9), whilst, according to Wagner
(Fr. 5, 1), the latter is only présent in two kinds
of sumac — namely, those derived from llh.
javanica and Rh. semialata. Wagner states
that the tannin of sumac derived from Eh.
Coriaria and Rh. typhina cannot be resolved by
hydrolysis into gallic acid, as is the case with
gallotannic acid. According to LôWe (f.c.), the
tannin of Tyrolese sumac appears to differ from
gallotannic acid, and to be more nearly related
to quercitannic acid (v. Sumac).

Tannaspidic acid v. Filix mas, vol. ii.
Tannecortepinic acid C28H2s012 is the name

given to tannin found in the bark of young
Scotch firs (twenty to twenty-five years old)
colleeted about Easter (Rochleder a. Kawaher,
Sitz. B. 29, 23). It is a reddish-brown sub¬
stance, is soluble in water, and has an astringent
taste ; it gives a dark-green colouration with
ferrie ehloride. When it is heated with dilute
sulphuric or hydrochloric acid, it yields a red
precipitate of nearly the same composition as the
original substance together with a little sugar.

Tannopinic acid C2sH30OI3 (?) is sometimes
présent in the needles of the Scotch firwhen
gathered about Easter (Rochleder and Kawalier,
Sitz. B. 29, 22). In the winter-time oxypini-
tannic aeid appears to take its place, but
whether this is produeed by the oxidation of the
tannopinic acid, or the latter by the réduction of
the oxypinitannie acid has not been determined.

Tea leaves contain gallic acid and quercitan¬
nic acid (Stenhouse, P. M. 23, 332 ; Rochleder,
A. 63, 205 ; Hlasiwetz a. Malin, J. pr. 101,109).

The amount of tannin in tea averages
about 10 p.c. (Allen, C. N. 29, 189), and, accord-
ing to Hooper (C. N. 60, 311), is not influence!
either by the quality of the tea or by the altitude
at which it is grown (v. Tea).

Terra japonica or Gambier is an extract ob¬
tained from the leaves of Uncaria gambir.
The tannin which it contains resembles spruce-
bark tannin in composition and properties, and,
like the latter, it also yields an insoluble ni,
the colour and composition of which vary with
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tbemode of préparation (V. Spruce-barlc tannin).
Two préparations of terra japonica red ob-
tained by the action of hydrochloric acid of
différent strengtlis and at différent températures
yielded acetyl derivatives of the composition
C,,Hl4(C.,H30)40, and C21H14(C2H30)30"a (Bôt-
tinger, B. 17, 1129).

Tormeutilla. The root of Potentilla tormen-
tilla contains a tannin of the composition
CgjHj/),,, tormentil-red, quinovic acid, and a
substance which yields ellagic acid when boiled
with potash solution (Bembold, A. 145, 5). In
order to obtain the tannin, lead acetate is added
to the aqueous décoction of the root, and the
preeipitate decomposed under water by hydrogen
sulphide. The tannin solution obtained is again
precipitated, first with normal lead acetate,
which throws down impure tannin, and then
with basic acetate, and the précipitâtes are sepa-
rately decomposed by hydrogen sulphide. The
tannin obtained from the second of these pré¬
cipitâtes forms an amorphous reddish powder of
the composition C26H22On. Its solution gives a
blue-green colour-reaction with ferrie ehloride,
and yields a preeipitate with gelatin. When it
is boiled with dilute sulphurie acid, it yields
tormentil-red, without any appréciable forma¬
tion of sugar. Tormentil-red appears to have
the same composition as tormentilla-tannin. It
yields phloroglucinol and protocatechuic acid on
fusion with potash.

Valonia. The commercial name given to
the acorn-cups of Quercics PEgilops imported
from the Levant. It contains 19 to 26-7 p.c. of
a tannin (Wagner, Fr. 5, 10) which Stenhouse
found to differ from gallotannic acid (P. M. 22,
424), italso contains a little gallic acid. Yalonia
is used for tanning leather.

Willow-bark tannin. The bark of Salix
triandra and S. undulata contains a tannin
which gives a green colour-reaction with ferrie
salts. It is a glucoside, and when boiled with
dilute sulphurie acid yields a brown-red preeipi¬
tate nearly insoluble in water, but soluble in
alcohol and in alkalis (Stenhouse, Pr. 11, 403 ;
Johanson, Ar. Ph. [3] 13, 103).

Xanthotannic acid. Aecording to Ferrein
(J. 1858, 463), the yellow colour of elm leaves in
autumn is due to xanthotannic acid. The lead sait
of this tannin has the composition C28H3#04.3Pb0.

Animal tannin. Aecording to Villon (C. N.
56, 175), a substance showing ail the général
characters of tannin can be extraeted from corn-

weevils (Galandra granaria). The weevils are
killed, ground in a mortar, and extraeted with
boiling 90 p.c. alcohol. The solution is evapo-
rated, the residue dissolved in ethyl acetate, and
the tannin precipitated by the addition of
ammoniacal zinc acetate. The preeipitate is
decomposed by oxalic acid, and the tannin
solution evaporated in a vacuum, when it is ob¬
tained in the form of reddish-yellow scales.
Villon names it fracticornitannin.

Synthetic tannins. Lowe was the first to
show that a substance possessing the properties
of ordinary tannin was formed by the décomposi¬
tion of silver gallate (Z. 1868, 111) or when
gallic acid is heated with arsenic acid (J. pr. 103,
464). Schiff repeated and extended these ex-
periments, and with the help of phosphorus
oxychloride he obtained a produet which he

maintained was identical with gallotannic acid,
and which, like the latter, could be readily
hydrolysed, and gallic acid reproduced (A. 170,
49). He also showed that true analogues of
gallotannic acid could likewise be obtained by
the action of phosphorus oxychloride on other
phenolcarboxylic acids, and also from phenol-
sulphonic acids. Thus from ordinary phenol-
sulphonie acid he obtained the produet
C8H4(0H)S02.0.C3H4.S020H (B. 5, 437), and
from pyrogallolsulphonic acid he prepared
C0H2(OH)3SO2.O.C6H2(OH)2SO2OH (B. 5, 663),
and a similar produet also from phloroglucinol-
sulphonic acid (B. 6, 26). These synthetic
tannin analogues possess an astringent taste,
and their solutions yield précipitâtes with
albumin, gelatin, alkaloids, and several acids and
salts just as is the case with ordinary tannin.

From protocatechuic acid, the same chemist
• obtained a diprotocatechuic acid C14H]0O7 and a
tetraprotocatechuic acid C2SHI80,3, both of which
exhibit the reactions of gallotannic acid, except
that they give a green colour-reaction with
ferrie ehloride (B. 15, 2588). Pyrogallol-carb-
oxylic acid yields a dipyrogallolcarboxylic
C|4H]0O9 of very similar properties, but showing
a violet eolouration with ferrie ehloride, whilst
phloroglucinolcarboxylic acid would appear to
react differently with phosphorus oxychloride,
and to yield a produet more nearly related to
the bark tannins (Schiff, A. 245, 35).

Bôttinger states (B. 17, 1475) that a digallic
acid isomeric with gallotannic acid and re-
sembling the latter in rnany of its properties is
produced when gallic acid or its ethyl sait is
moistened with pyruvic or glyoxylic acid, and
heated with concentrated sulphurie acid. The
part played by the pyruvic acid is obscure.

Aecording to Hunt (C. N. 52,49), a substance
showing many of the réactions characteristic of
tanninis formedwhen potassium gallate isheated
with monobromoprotocatechuic acid and alcohol.

Estimation.—For the estimation of the
tannins see articles on Leather and Sumac.

TANNING v. Leather.
TANTALITE v. Niobium.
TANTALUM. Sym. Ta. At. w. 182-0 (Ma-

rignac). For the occurrence of this métal see
Niobium. Tantalum is obtained as a black
powder, aequiring an iron-grey lustre when bur-
nished. It burns when heated gently in air, and
ignites in chlorine or sulphur vapour. It dis¬
solves in hydrofluorie acid, but is insoluble in
ail other acids, including aqua regia.

Tantalum forms two oxides, Ta204 and Ta205,
one sulphide Ta2S4, a nitride, pentachloride,
pentabromide, and in solution a pentafluoride,
but no iodide.

TAP CINDER. The basic silicate of iron
constituting the slag and flowing through the
tap-hole of the puddling furnace, v. Iron.

TAPIOCA is prepared from cassava meal by
moistening it and drying it in granules upon hot
plates. By this treatment the starch cells swell
and burst, adhering in small irregular masses.
See Cassava and Manihot.

TAR, COAL, v. Gas, coai,.
TAR, WOOD, V. WoOD, DESTRUCTIVE DISTILLA¬

TION OF.

TARAXACERIN, TARAXACIN, TARAXA-
CUM v. Dandelion root.
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TARTAR v. Tartaeic acid.

TAETAE, CREAM OF, Acid potassium tar-
trate v. Tartaeic acid.

TAETAE EMETIC, Potassium antimony
tartrate v. Antimony.

TAETAEIC ACID, Dihydroxy-succin/ic acid
(Acide tartarique ; Weinstture, \Vei?is teinsdure,
Tartarsdure).

r COHO

\ CHHO or C.,H2(HO)2(COHO)2.
ICOHO

The existence of the acid potassium sait of
this acid in the deposit from fermented grape-
juice was known to the Greeks and Romans, and
the terra tartarum was applied to the deposit by
Paracelsus, but it was generally considered to be
an acid and to contain no base, although an
alkali was known to be présent in its ash. The
production of an alkali by boiling tartar with
lime was noticed by Kunkel in 1677, but the acid
was notisolated until 1769, when Scheele (Crell's
Chem. J. 2, 179) obtained it by boiling tartar
with chalk and decomposing the produet with
sulphuric acid.

ïïve varieties of tartaric acid are known, viz.
the ordinary or dextrotartarie acid, and lœvo-
tartaric acid, which rotate the plane of polarised
light to the right and left respectively ; the
optically inactive racemic acid, which can be
decomposed into the above acids ; the inactive
mesotartaric acid, which cannot be so decom¬
posed ; and metatartaric acid, obtained by fusion
of dextrotartarie acid.

Racemic or paratartaric acid was discovered
by Kestner in the mother-liquors of tartaric acid
obtained from the vintage of 1822 (C. R. 29, 526,
557), and was examined by Gay-Lussae (S. 48,
381), Walchner (ibid. 49, 238), Berzelius (P. 19,
319), and Biot (A. Ch. [2] 69, 22), the latter of
wliom pointed out its optical inactivity. This
was further examined by Pasteur (C. R. 36, 19,
and 37, 162), who decomposed it into a mixture
of dextro- and lœvo- tartaric acids, whose optical
activities are equal and opposite.

Racemic acid appears to exist to some extent
in grape juiee, but is principally produced during
the fermentation. It is said to be formed in
considérable quantity when tartaric acid solu¬
tions are evaporated with the acid of superheated
steam or by ordinary heating, but not when
evaporation is conducted in a vaeuum pan (v.
Hofmann's Ber. iiber die Entwickelung der
Chem. Ind. ii. 423). Warington, however (C. J.
1875, 989), lias found no evidence of the pro¬
duction of this acid in the treatment through
which tartaric acid ordinarily passes in the factory.
Lidow (B. 14, 2689) has found it as the calcium
sait in the dye vats where bleaehing powder has
been treated with tartaric acid.

Racemic acid is best obtained by heating
dextrotartarie acid with one-seventh to one-

tenth its weight of water at 170° for about 30
hours (Junglleisch, Bl. 18, 201). According to
Dessaignes (Bl. 1863, 355), dextrotartarie acidis
partly converted into racemic acid by prolonged
heating at ordinary pressures with water or
dilute acid. It is also obtained by oxidising
fumarie acid with potassium permanganate
(Ilekulé a. Anschûtz, B. 13, 2150 ; A. 226, 191),
and, together with mesotartaric acid, when

cinchonine dextro- or lœvo- tartrate is heated
for some time at 170° (Pasteur, C. R. 37,162).

Racemic acid crystallises in holohedral
7°

triclinic prisms of sp.gr. ^1-6873 (Perkin,C.J.
1887, 362) containing one moleculeof water, and
is somewhat less soluble in water, and much less
soluble in alcohol, than dextrotartarie acid. The
anhydrous acid melts at 189-201° (Stadel.B. 11,
1752). The work of Perkin (Le.) appears to
indicate that racemic acid is almost entirely de¬
composed into dextro- and lœvo- tartaric acids
on solution. The admixture of those acids,
however, caused marked évolution of heat.

The racemates elosely resemble the dextro-
tartrates, but are of no commercial interest.
The calcium sait, which crystallises in micro-
seopic erystals containing four molécules of
water (Anschûtz, A. 226, 191), is less soluble
than calcium dextrotartrate. Warington (C. J.
1875, 944) lias observed a form of calcium race-
mate which separates from cold dilute uudis-
turbed solutions in feathery erystals.

Lœvo-tartaric or anti-tartaric acid was first
obtained by Pasteur (C. R. 36, 19, and 37,162),
by crystallisation of a solution of ammonium
sodium racemate obtained by mixing the two
halves of a solution of racemic acid, which had
been respectively neutralised with ammonium
and sodium carbonate. The produet was
found to consist of a mixture of hemihedral
erystals, some having the hemihedral faces
developed to the right and others to the left, the
former being dextrorotatory and the latter ltevo-
rotatory. The acid obtained from the former
was found to be dextrotartarie acid, while the
new lœvorotatory acid obtained from the latter
received the name lœvotartaric acid.

This acid—which elosely resembles dextro-
tartaric acid, but ferments less readily—occurs
in anhydrous rhombic erystals. Lœvotartrates
generally exhibit the same properties and have
the same solubilities as the dextrotartrates, but
the compounds of the two acids with optically
active substances, such as asparagine and
optically active hydricammonie malate, as well
as the salts with cinchonine, quinine, brucine,
and strychnine, differ eonsiderably (Pasteur, A.
Ch. [3] 38, 460).

Mesotartaric or inactive tartaric acid is
obtained, together with racemic acid, when
cinchonine dextro- or lœvo- tartrate is heated
for some time at 170° (Pasteur, C. R. 37,162),
or, according to Dessaignes (A. Suppl. 2, 242),
by oxidation of sorbin by nitric acid.

It is best préparée! by heating tartaric acid
with one-seventh to one-tenth of its weight of
water to 165° for two days in a closed vessel,
crystallising out the racemic acid, converting
the residue into the acid potassium sait, and re-
moving the dextrotartrate by crystallisation.
The more soluble mesotartrate remains in solu¬
tion. The température should not be too high,
as at 175° mesotartaric acid is almost entirely
converted into racemic acid (Jungfleisch, Bl. [2]
19, 99).

Mesotartaric acid crystallises in readily
soluble rectangular plates melting at 140°
(Dessaignes, Bl. 1, 34), and containing one
molecule of water, or in large anhydrous prisms
resembling tartaric acid. A considerablenumber
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of mesotartrates are known. The calcium and
potassium salts are more soluble than the dextro-
tartrates.

Meta-tartaric acid is obtained by fusing
dextrotartaric acid as an amorphous déliquescent
mass whose solution reproduces dextrotartaric
acid on boiling. It yields salts of greater solu-
bility than dextrotartrates, into which they are
converted on boiling the solution (Erdmann, A.
21,1; Laurent a. Gerhardt, A. 70, 348).

Dextrotartaric or eommon tartaric acid is
obtained synthetically by boiling silver dibromo-
succinate witli water :

[ COAgO fCOHO
JCHBr CHHO^,,
| CHBr + H2° - j CHHO + 2AgBl
\ COAgO (COHO

(tt. Perkin a. Duppa, C. J. 13, 102; Kekulé, A.
117,121).

It appears also to be produced, together with
glycoUic acid, when an alkaline solution of ethyl
oxalate is reduced by sodium-amalgam (Debus,
C. J. 25, 365).

Dextro-tartaric acid occurs in the free state,
or, more often, as the acid potassium sait, and
to a small extent as the calcium sait, in asso¬
ciation with oxalic, malic, citric, and probably
racemic acid, in tamarinds, mulberries, sorrel,
cucumbers, and many other plants. It occurs in
large quantity in the juice of the grape, which
furnishes ail that found in commerce.

When the grape juice ferments, the potassium
bitartrate is gradually deposited, on account of
its less solubility in the alcohol produced, partly
as a crystalline crust on the sides of the vat and
partly with the ' lees,' which consists of yeast
and the various suspended matters of the must.
The crust is known as ' argol,' and when re-
crystallised produces 'tartar,'which by further
cristallisation is converted into ' cream of tartar,'
tcchnieally known as ' cream.'

The quality of lees, argol, and tartar varies
enormously. Superior argols are equal to tartar,

while inferior varieties are little better than lees.
The tartaric acid in argols varies from 40-70
p.c., and that in lees averages about 25 p.c.,
but varies within wide limits. Lees from
' plastered wines '—i.c.fromthose in which baked
gypsum or ' yeso ' has been trodden with the
grapes, as in Spain, Cyprus, and the Greek
Islands, the Marsala district of Sicily, and the
South of France contain very little tartar, the.
acid being mostly présent as the calcium sait.

The best class of coloured tartars consist of
nearly pure bitartrate. That of Messina usually
contains 76 p.c. of tartaric acid, 11 to 3A p.c. of
which is présent as the calcium sait, while that
from St. Antimo contains 74-75 p.c., of which
the calcium sait constitutes 3-4| p.c. Vinaccia
tartar, which is obtained from the skins and
solid matters of grapes, contains about 70-73
p.c. of tartaric acid, 5-7 p.c. being calcium
tartrate. Seheurer-Kestner (Rep. de Chim.
Appliq. 1861, 39) has found as much as 45 p.c.
of calcium tartrate in crude tartar.

Of the products imported into England,
tartars corne principally from Naples and Mes¬
sina, argols from Messina, and lees from Mes¬
sina and other parts of Sicily. The imports to
London in 1890 were Italian tartar, 500 tons ;
argol and lees, 3,000 tons, of which the argol
did not constitute above a tenth ; cream of tartar,
1,000 tons, of which 150-200 tons came from
Germany, 100 from Italy, 200-300 from Spain,
and the remainder from France. About 1,200
tons of the acid were made in England in 1890,
and about 1,200 tons were imported, chiefly from
Germany. Aceording to Thorn (Chem. Zeit. 35,
533), the following is the approximate annual
production of différent eountries, in kilos :—•
Austria and Hungary, 500,000 ; Germany,
700,000; France, 300,000; Italy, 200,000; Spain,
50,000 ; United States, 1,200,000.

The following table shows the composition
of tartars and lees from différent loealities
(Warington, J. Soc. Arts, 1876, 370) :—

Messina St. Antimo ï'rencll lees Spanish lees Spanisli lees
tartar tartar (plastered) (plastered) (unplastered)

Tartaric acid as acid tartrate. 74-05 69-34 4-48 5-27 22*66
Tartaric acid as neutral tartrates. 260 4-66 21-34 19-13 11-67

Tartaric anhydride 67-408 65-120 22-721 21-472 30-210
Sand 0-140 0-425 4-600 4-900 T. 4-730
Silica 0-055 0-130 2-130 1-960
Ferrie oxide 0-053 0-086 0-394 0-351 0-214

Alumina 0-021 0-092 0-844 0-832 0-578

Pkosphoric anhydride . 0-041 0-068 0-527 0-486 0-569

Lime
Magnesia .....

1-081 1-778 10-567 10-600 4-514

0-025 0-041 0-327 0-363 0-209

Potash 23-236 21-773 1-868 2-123 7-115

Soda — o-ioo 0-060 —

Sulphuric anhydride .
— — 4-566 5-729 —

Carbon dioxide .... — — 0-435 0-388 "

Chlorine...... — 0-040 0-042

Combined water .... 5-688 6-396 5-904 • 5-552 4-159

Water at 100°, with vegetable and"j 2-252 4-091
undetermined matter . . . J 9-750Water at 100° .... — 11-305 10-694

Vegetable matter .... — 33-672 34-448 37-952

100-000 100-000 100-000 100-000 100-000
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The following table shows tlie général com¬
position of lees (Warington, l.c.) :—

Tartaric acid as

Total tar¬

Potassium Calcium taric acid

bitartrate tartrate

Italian (33 samples) .
24-10 6-1 30-2

Greek (14 samples) . 19-90 11-8 31-7
Freneh (9 samples) . 17-30 6-0 23-3

Do. (30 samples) . 5-30 20-5 25-8.
Yellow Spanish (59

samples) 8-70 18-2 26-9
Bed Spanish (17

samples) 8-80 17-4 26-2

Analyses of a large number of tartars from
varions localities have also been published by
Sehenrer-Kestner (Wurtz, Dict. de Chim. [3]
234), and Schieht (l.c. and Polyt. Centralb. 1871,
1051).

The lees often contains calcium carbonate ;
also Spanish earth (a native aluminium-mag¬
nésium silicate used in fining wine) when ob-
tained from Spain ; gypsum when the wine has
been plastered therewith, and resin when ob¬
tained from the Greek Islands. The vegetable
matter contains considérable quantities of
nitrogen.

Scheele's process for preparing the acid con-
sisted in merely neutralising the solution of the
tartar with chalk, and decomposing the pre-
cipitated tartar with sulphuric acid. By this
process, however, only half the acid was ex-
tracted, the rest remaining in solution as
normal potassium tartrate :

2C4H506K + CaC03 =
C,H,06K,, + C4H40„Ca + H,0 + CO„.

The first improvement on this process con-
sisted in the replacement of the chalk by lime,
which produced a larger yield, although a por¬
tion of the calcium tartrate was retained in
solution by the caustic potash produced. Lowitz
(Aikin's Dict. of Chemistry [1807] ii. 405) next
suggested the précipitation of the residual tar¬
trate from the solution after the treatment with
chalk, by addition of calcium chloride, and his
process bas been largely used (Hofmann, Beports
of the Juries on the Exhibition of 1862, 111),
although now superseded by a process attributed
to Desfosses, and consisting in the replacement
of the calcium chloride by the precipitated
calcium sulphate obtained by treatment of cal¬
cium tartrate with sulphuric acid.

The processes at présent employed diiïer
according as tartar or lees is the material made
use of.

The process employed in England for treating
tartar (v. Warington, J. Soc. Arts, 1876, 371)
eonsists in gradually adding the tartar to boiling
water in which whiting is suspended, until the
whiting is eonsumed and the tartar neutralised.
A quantity of moist calcium sulphate sufficient
to décomposé the normal tartrate remain¬
ing in solution is then added, and the whole
is agitated while still boiling for about two
hours, so that a dense crystalline precipitate of
calcium tartrate, together with the insoluble
parts of the tartar, is obtained, leaving a solu¬
tion containing potassium sulphate, together

with a little normal potassium tartrate, a small
proportion of which invariably remains unde-
composed. The mother-liquor is evaporated,
and the potassium sulphate crystallised out and
sold. About 24 to 26 parts of whiting are re-
quired for 100 pai-ts of the tartar.

The calcium tartrate, having been washed on
a vacuum filter, is mixed with water and decom-
posed by dilute sulphuric acid, a portion of the
solution being tested at intervais to ascertain
when sufficient acid has been added ; the test
employed is calcium chloride, which gives no
precipitate with the calcium sulphate contained
in the solution, but précipitâtes the free acid.

The gypsum resulting from the décomposi¬
tion is washed on a vacuum filter, and the
liquors are evaporated in steam-heated leaden
pans,orin vacuum pans. After partial concentra¬
tion, the liquoris run off from the gypsum which
has deposited on the side of the pan, and is
concentrated to the crystallising point, when it
is run into a tub and continuously agitated bya
mechanical stirrer to produce a granular ' sait.'
This System of crystallisation separates the sait
in about a fifth of the time required for crystal¬
lisation by standing.

It has been proposed to add barium oxahte
to the liquor to remove the calcium sulphate re¬
maining in solution, and thus prevent its dépo¬
sition in the pan (v. Thorn, Chem. Zeit. 35,533).

The mother-liquor from the ' sait ' is con¬
centrated, and a second and third crop of crystals
are obtained by ' granulation ' as above ; the
residual dark-coloured impure solution is knon
as ' old liquor.'

The granular sait is redissolved, heated with
animal charcoal which has been freed from
calcium phosphate by digestion with hydro-
chloric acid, the solution is filtered, concentrâtes
and crystallised in cylindrical leaden pans abont
two feet deep. Tartaric acid thus prepared
always contains lead.

The crystallisation is assisted by addition
of sulphuric acid, in which the acid is less
soluble than in water, as further noted below.

The mother-liquors are diluted and precipi¬
tated with whiting, and thus produce a further
quantity of calcium tartrate, which is worked np
as above. It is found, however, that the iroa,
alumina, and phosphoric acid introduced in the
tartar, charcoal, whiting, &c., gradually accuin-
late in the liquors, and greatly reduce their
crystallising power, so that continuously more
and more sulphuric acid must be added to in-
duce crystallisation. The old liquor fînall;
becomes thick and yields no tartaric acid,
although a considérable quantity remains h
solution, together with a large amount of dé¬
composition products, principally due to the
action of the sulphuric acid. Warington (C. J-
989, 1875) has observed oxalic acid in these
liquors.

The loss of acid in the manufacture varies
from about 8 p.c. in works which have not been
working sufficiently long to be affected by this
trouble to 12 p.c. or more in works which haie
been earried on for several years without removil
of the old liquors.

A process patented by Goldenberg, in which
the bitartrate is decomposed by slaked lime, is
described by Friedberg (Ph. [3] 13, 999; v. al»
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Eng.Pat. 4,684,1878 ; Jacobsen's Chemische In¬
dustrie, 1879, 86, 238).

The manufacture of tartaric acid from lees
and low argols is usually carried out by Kestner's
process, which cpnsists in dissolving the lees
&e. in hydrochloric acid, which at once sépa¬
râtes it from much of the organic impurities
ami oolouring matter. The solution is preci-
pitated by whiting or lime, and the precipitate
treated as above (v. Hoîmann, Reports of the
Juries on the Exhibition of 1862, 112 ; and
Scheurer and Kestner, Wurtz, Dict. de Chim. [3]
236).

See further regarding the tartaric acid in-
dustry: Warington (C. J. 1875, 942; J. Soc.
Arts, 1876, 369), Grosjean (C. J. 1879, 342 ;
S. C. I. 1883, 338), Scheurer-Kestner (Wurtz,
Dict. de Chim. iii. 236), Wurtz (C. C. 1871, 713),
Thorn (Chem. Zeit. 35, 533), and Kaemmer
(Chem. Zeit. 9, 939).

Tartaric acid crystallises in large anhydrous
7°monoclinie prisms of sp.gr. -0 1-7594 (Perkin,

C. J. 1887, 362). The crystals becomeluminous
in the dark when rubbed. They melt at about
172° (Warington, C. J. 1875, 943) with produc¬
tion of meta-tartaric acid and of some di-tar-
taric or tartralic acid CsH]0On, which is formed
in large quantifies at a slightly higher tempéra¬
ture or by prolonged heating. The further action
of heat produces tartrelic acid CsHsO,0, and,
finally, its isomer, tartaric anhydride. Ditar-
taric acid is an uncrystallisable, déliquescent
mass, which readily combines with water, espe-
cially on boiling, to reproduce tartaric acid.
Warington (C. J. 1875, 943) describes a peculiar
plastic soluble calcium sait, which appears to be
a sait of this acid. Tartrelic acid forms yellow-
ish, déliquescent crystals, convertible into tar¬
taric acid by boiling with water, or into tartaric
acid by fusion with metatartaric acid. Tartaric
anhydride is a white or yellowish powder, slowly
converted by cold water into a jelly, which passes
successively into tartrelic, tartralic, and tartaric
acids (v. Fremy, A. Ch. [2] 68, 353; [3] 31,
329; Laurent and Gerhardt, C. R. 27, 318; A.
70,348 ; Schifï, A. 125, 129 ; Warington, C. J.
1875, 943).

According to Warington (C. J. 1875, 988) and
Grosjean (C. J. 1883, 334), metatartaric acid
exists in the concentrated tartaric acid liquors
which have been long heated in the factory.
Grosjean found that in a solution of tartaric
acid heated four hours in a water-bath, after a
crust had formed on the surface, as much as one
quarter of the acid had been altered. The pro¬
duction of metatartaric acid is reduced by the
presence of much sulphuric acid. In dilute boil¬
ing solutions, and on prolonged standing even
in the cold, metatartaric acid reverts to tartaric
acid. A part of the losses in the faetory are
probably due to the formation of metatartaric
acid. The formation of di-tartaric acid in fae¬
tory liquors is doubtful.

The dry distillation of tartaric acid produees
pyrotartarie acid C5HaOt ; pyroracemic acid
C,H(Os ; pyrotritartaric acid C,Hs07 ; formie,
acetie, and iactic acids ; and a small quantity
of dipyrotartracetone CeH,202 (Bourgoin, Bl.
29, 309), logether with aldehyde, acetone, and
other décomposition products (v. also Pelouze,

Vol. III.—T

A. Ch. [2] 46, 297 ; Bôttinger, B. 9, 670 ; Lie-
bermann, B. 15, 428).

A solution of tartaric acid saturated at 15°
contains 57'9 parts of the acid (Gerlach, Spec.
Gew. der gehrauchlichsten Salzlôsungen &c.,
Freiherg, 1859, 24; J. 1859, 44) or 57-75 parts
(Maiseh, J. 1865, 392). The sp.gr. tables pub-
lished by these observers and by Schifï (A. 113,
189) agree closely. Gerlach's results are as
follows :—

Per cent, of Per cent, of
Sp.gr. at 15° acid in Sp.gr. at 15° acid in

solution solution

1-0045 1 1-1505 30
1-0090 2 1-1560 31
1-0136 3 1-1615 32
1-0179 4 1-1670 33
1-0224 5 1-1726 34
1-0273 6 1-1781 35
1-0322 7 1-1840 36
1-0371 8 1-1900 37
1-0420 9 1-1959 38
1-0469 10 1-2019 39
1-0517 11 1-2078 40
1-0565 12 1-2138 41
1-0613 13 1-2198 42
1-0661 14 1-2259 43
1-0709 15 1-2317 44
1-0761 16 1-2377 45
1-0813 17 1-2441 46
1-0865 18 1-2504 47
1-0917 19 1-2568 48
1-0969 20 1-2632 49
1-1020 21 1-2696 50
1-1070 22 1-2762 51
1-1124 . 23 1-2828 52
1-1175 24 1-2894 53
1-1227 25 1-2961 54
1-1282 26 1-3027 55
1-1338 27 1-3093 56
1-1393 28 1-3159 57
1-1449 29 1-3220 57-9'

1 Saturated solution.

Of 90 p.c. alcohol 100 parts dissolve 29-140
parts of tartaric acid at 15°, while 100 parts of
absolute alcohol at that température dissolve
20-385 parts (Bourgoin, Bl. [2] 29, 244 ; v. also
Schifï, A. 113, 189). Of ether, 100 parts dis¬
solves 0-393 parts at 15° (Bourgoin, l.c.).

Strong solutions of tartaric acid contract
on dilution. Thus 500 c.c. of a solution of

sp.gr. 1-338 require 505-508 volumes of water
to produee 1,000 volumes (Warington, C. J.
1875, 942). The presence of much free sul¬
phuric acid diminishes the solubility of tartaric
acid at ordinary températures, and increases
the différence hetween the solubility at high and
low températures. A cold saturated solution of
tartaric acid, when mixed with half its volume
of concentrated sulphuric acid and cooled, gives
an abundant precipitate of tartaric acid, while
a hot solution of the acid in 1 volume of water
and 1^ volumes of oil of vitriol (1-713 sp.gr.)
deposits 70 p.c. of its acid on cooling. Thus a
much larger proportion of tartaric acid is ob-
tained in one crystallisation when sulphuric
acid is présent (Grosjean, C. J.1883, 334).

Landolt (B. 6, 1075) gives the spécifie rotatory
power of solutions of tartaric acid of varying
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strength. The power is much reduced hy the
presence of minerai aeids, and is almost lost in
solutions in methyl or ethyl aleohol or acetone,
while solutions in dry aeetone and ether, or dry
acetone and ehloroform, are feebly lœvorotatory
(Landolt, B. 13, 2329 ; v. also Pribram, M. 9,
485).

Tartaric acid is readily oxidised, usually
with production of formic and carbonic acids.
Hydriodie acid reduces it to malic, and finally
to succinic, acid. Sulphuric acid carbonises it
much more readily than citric acid. It précipi¬
tâtes gold and platinum from solutions, and
l'educes mercuric chloride to calomel.

It is used in certain photographie developing
and printing processes. It is also employed
medieinally (United States Dispensatory, 14th ed.
74), and for the préparation of baking powders,
elïervescing drinks, seidlitz powders, &c. It is
used by the calico printer to liberate chlorine
from bleaching powder ; in the production of
steam blues and greens, aniline black, &c. ; as
a ' resist ' for aluminium and other mordants,
and in the discharge colours for Turkey red. It
is also used in the mordant bath in dyeing wool,
and for brightening the colour of silk after
dyeing.

Tartaric acid forms a large and important
sériés of well-defined single and double salts.

Potassium tartrate C,H40„K2 is obtained by
neutralising the bitartrate with potassium car¬
bonate. It forms monoelinic prisms, soluble in
66 parts of water at 14°C., and is used in medi-
cine (v. United States Dispensatory, 14th ed.
1404; Brit. Pharm. 1885, 332). When mixed
with an acid, the solution précipitâtes potassium
bi-tartrate.

Potassium bi-tartrate, cream of tartar
C4H506K constitutes the only source of tartaric
acid and tartrates. It occurs in the juice of the
grape, and is deposited on fermentation on ae-
count of its lesser solubility in aleohol, partly as
a erystalline crust known as argol and partly
with the ' lees.' The composition of these sub¬
stances and statistics of their production have
been given under the manufacture of the acid.
The argol &c., when heated with water, yields
siightly coloured crystals of the purer sait, which
is known as ' tartar.' This may be dissolved in
hot water, and cleared from colouring matter
<fce. by addition of clay or egg albumen, filtered,
and crystallised with production of the com¬
mercial ' cream of tartar.'

According to Kaemmer (Chem. Zeit. 9, 939),
tartar is obtained from the marc and lees in
Italy as follows : the dried lees is ground in a
mill, boiled in coppers holding about 1,200
litres with 10 to 12 parts of water, and the solu¬
tion is left for five or six days, any crystals
which form being prevented from falling to the
bottom of the vessel. The crystals and the
liquor are then removed, and the residue is
boiled with sulphuric or bydrochloric acid, and
the solution treated with potash to convert the
tartaric acid into the acid potassium sait. The
crystals obtained are mixed with the first crop
and sold as crude tartar or recrystallised.

Potassium bi-tartrate crystallises in aggre-
gations of small, hard rhombic prisms, perma¬
nent in air, and having a sp.gr. of l-973 (Schiff,
J. 12, 16). The solubility of the sait in 100

parts of water is as follows, according to War-
ington (C. J. 1875, 946) ; Chancel (J. Ph. [4] 1,
348) ; Alluard (G. R. 59, 500) ; and Kissel (fi.
8, 410) :—

- Warington Chancel Alluard Kissel

14°C. 0-431
15° — 0-453 — 0-493
20° — 0-553 0-57 —

22° 0-600 — — 0-015
25° — 0-670 — —

80° 4-027 — 4-50 —

Kissel (l.c.), Chancel (l.c.), and Buchner
(D. P. J. 228, 167) have determined its solubility
in dilute aleohol at différent températures. Ac¬
cording to Chancel, 100 parts of aleohol of 10o
p.c. dissolve the following amounts :—

0°C. 1-41 15°C. 2-53
5° 1-75 20° 3-05

10° 2-12 40° 7-00

It requires 2,000 parts of proof spirit for solu¬
tion, and is practically insoluble in much
stronger spirit.

The altération of the solubility in water by
the presence of other substances has been exa-
mined by Destouches (Bull. Pharm. 1809,468)
and Warington (C. J. 1875, 947), and the latter
has determined the solubility in acid solutions
of equal acidity, i.e. of such strength that equal
volumes require equal quantifies of alkali for
neutralisation; and in potassium acetate and
citrate ;—

Grms. of acid or
sait in 100 c.c.

Grms. of bitar¬
trate dissolved

in 100 c.e.

Water . 0-422
Acetic acid . 0-8106 0-422
Tartaric acid 1-0331 0-322
Citric acid 0-8448 0-546
Sulphuric acid 0-6853 1-701
Hydrochiorie acid 0-5037 1-949
Nitric acid . 0-8445 1-969
Potassium acetate 1-3875 0-744
Potassium citrate . 1-3966 0-843

The solubility is thus diminished by the
presence of tartaric acid, and increased by tic
presence of other acids. The solubility of potas¬
sium. bi-tartrate in hydrochiorie acid of varions
strengths has been determined by Warington
(l.c.). The solubility of potassium bi-tartrate in
water is greatly diminished if potassium chloride,
sulphate, or nitrate be also présent. Grosjean
(C. J. 1879, 348) showedthat, while the solubility
in water at 12° was 1 in 262, the solubility in a
5 p.c. solution of potassium chloride was 1 in
3,213, and in a 10 p.c. solution 1 in 4,401.

When heated, potassium bitartrate yields i
mixture of Carbon and potassium carbonatensei
as a reducing agent under the name of ' black Uns.
Potassium bitartrate is largely used in the pré¬
paration of effervescing drinks, baking powders
&c., and in medicine ; also in the mordant bail
for wool-dyeing, in conjunction with alum, iroa
salts, stannous chloride &c., apparently pro-
ducing double salts, which are more effective is
mordants.
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Cream of tartar dissolves readily in a solu¬
tion of boric acid or borax (Le Fèvre, Mémoires
del'Acad. Royale, Paris, 1782), and the product
is used medieinally under the name ' soluble
cream of tartar.' It is best prepared by dissolv-
ing a mixture of 4 parts of cream of tartar and
1 of boric acid in 24 of water, and heating until
most of the water is driven off (v. also Robiquet,
J. Ph. 21, 197). The sait prepared with boric
acid is a white powder, which is permanent in
the air, whereas that prepared with borax, and
known in the German Pharmacopceia as ' Borax-
weinstein,' is déliquescent.

Sodium tartrate C4H400Na,2H2O, crystallis-
ing in rhombio prisms or needles, and sodium
bitartrate C4H506NaH20, crystallising also in the
rliombic System, are both readily soluble.

Potassium sodium tartrate, Rochelle sait
C)Hl0„Na.K.4H,0 is prepared by neutralising a
boiling solution of cream of tartar with sodium
carbonate. On cooling the solution, the sait
crystallises in large rhombic prisms of sp.gr.
1767 (Scliiff, J. 12, 1G), soluble in about 15
parts of cold water, and mueh used in medieine
as a mild aperient. It forrns the active con¬
stituent of most seidlitz powders.

Solutions of Rochelle sait deposit potassium
bitartrate on addition of hydrochloric, acetic,
citric, nitric, or sulphuric acid (Thomas, C. J.
1878, 375).

The normal and acid tartrates of ammonium,
lithium, casmm, and rubidium are ail readily
soluble. They are of no technical importance.

Calcium tartrate C4H40,iCa.lHjO (dried over
oil of vitriol) occurs in small quantity, together
with the acid potassium sait, in many plants,
and is invariably found in argol and lees, as
described above. It crystallises in rhombic
prisms or pyramids, but is frequently deposited
from dilute solutions in aggregates of fine
radiating needles, which gradually become con-
verted into isolated pyramids or prisms.

It may be prepared by adding a calcium sait
fo a solution of a tartrate. It dissolves in 6,265
parts of water at 15°, and in 352 parts at 100°,
and is also soluble in solution of ammonium
salts and alkalis, and, when reeently precipitated,
in chloride and nitrate of ammonium (Brett,
P. M. [3] 10, 96).

It also dissolves in minerai acids, and in
acetic and tartaric acids, and, in a lesser degree,
in potassium bitartrate and other soluble tar¬
trates. It forms double salts with the alkaline
tartrates.

According to Grosjean (S. C. I. 1883, 338),
calcium tartrate is décomposée! by digestion
with a hot, strong solution of potassium or
sodium sulphate, almost ail the tartaric acid
passing into solution as the potassium or sodium
sait, while the calcium is converted into a double
sulphate with the alkali. In the case of sodium
sulphate the action is reversed on cooling, and
a considérable quantity of the tartrate is again
precipitated.

Calcium tartrate is not precipitated by addi¬
tion of calcium sulphate solution to a solution of a
neutral tartrate, but digestion with the moist sul¬
phate almost entirely précipitâtes it. Warington
(Le.) describes a curious form of calcium tartrate
which forms in cold dilute solutions on stand¬
ing. After the usual crystals have formed, tufts

of fine long needles commence to appear, accom-
panied by fine aggregates of needles forining
stars &e., and floating in the liquid. They dis-
appear in a few days, and leave only a small
bulk of the ordinary sait.

The acid sait (C4HsOe)2Ca is formed by dis-
solving the normal sait in tartaric acid, and is
much more soluble than the normal sait.

The strontium and barium tartrates are more

soluble than the calcium salts.
Magnésium tartrate C4H,0„Mg.4H20 is ob-

tainecl as a crystalline crust by evaporating a
solution of magnésium carbonate in tartaric
acid, and is soluble in 122 parts of water at 16°.
The acid sait (C4H5Oc)2Mg is obtained as a
crystalline sait soluble in 52 parts of water at
16°, when magnésium carbonate is dissolved in
excess of tartaric acid. Double salts of mag¬
nésium, with potassium, sodium, and ammo¬
nium, are known.

A magnésium sait (magnésium ditartrate ?),
prepared by neutralising with magnésium car¬
bonate tartaric acid which has been fused and
heated near the fusing point until no more
bubbles are evolved, has been proposed as a
substitute for magnésium citrate (Leger, Ph.
1873, 29). The solution of this sait, unlike
that of the ordinary tartrate, remains without
turbidity for some weeks.

Aluminium tartrate. The sait formed by
dissolving alumina in tartaric acid forms a
gummy non-deliquescent rnass soluble in water,
and capable of dissolving considérable quan¬
tifies of alumina without beeoming alkaline.
A double sait of potassium and aluminium
appears to be formed by dissolving alumina in
cream of tartar. It forms an amorphous mass
not precipitated by alkalis, and probably con-
stitutes the active ingrédient of the mixture of
alum and cream of tartar used in the mordant
bath for dyeing wool.

Silver tartrate v. art. Silveh salts &c.

Antimony tartrates v. art. Antisiony.
Lead tartrate C4H406Pb is obtained by addi¬

tion of tartaric acid to a solution of a lead sait,
as a white crystalline powder almost soluble in
water, but readily dissolved by alkalis. An in¬
soluble basic sait CjTLPb^O,, is obtained by
boiling an ammoniacal solution of the normal
tartrate (Erdmann, A. 21, 19 ; Heintz, Z. fûr
Chem. und Pharai. 1861, 17).

Copper tartrate is obtained as a greenish-
blue crystalline powder of the composition
C4H406Cu.3H20, on addition of copper sulphate,
to a normal tartrate. It dissolves in alkalis and
ammonia, with formation of double tartrates,
and the deep-blue solution is reduced, with pré¬
cipitation of cuprous oxide, by heating with
glucose and many other organic bodies (v. art.
Fehling's solution).

Ferrous tartrate C4H406Fe is obtained as a
white, almost insoluble, crystalline powder by
boiling iron filings with tartaric acid.

Ferrie tartrate (C4H40B)3Fe2 is obtained by
dissolving the precipitated oxide in tartaric
acid. The solution précipitâtes a basic sait on
warming, but is not precipitated by addition of
alkalis, on account of the production of a double
sait. Ferrie ammonium tartrate, which is em-
ployed in medieine, is prepared, according to

| the U.S. Dispensatory, 14th- éd.; p. 1214, by dis-
3e2IRIS - LILLIAD - Université Lille 1



788 TARTARIC ACID.

solving 6 oz. of tartario acid in 2 pints of
water, and neutralising it with ammonium car¬
bonate, 6 oz. of tartaric acid being then added.
Hydrated oxide precipitated from a solution of
ferrie ehloride is then stirred in at 140°F. until
no longer dissolved, and the solution is filtered,
evaporated to a syrup at a température below
140°F., and dried on a glass plate, so that it may
be obtained in scales.

It forms transparent garnet-red scales of
sweetish taste, slowly but highly soluble in
water to a neutral solution, but insoluble in
alcobol and etber.

The potassium sait is similarly prepared and
used. It forms ruby-red transparent scales
soluble in about 4 parts of water, and sparingly
soluble in alcohol. It décomposés at 150°C.,
with évolution of carbon dioxide and water.

Détection and estimation of tartaric acid.
Tartaric acid and tartrat.es char readily wben
heated with strong sulphuric acid. To distin-
guisb from citric acid or citrates, the substance
is heated with pure concentrated sulphuric acid
at 100° for forty minutes. In the presence of
tartaric acid the liquid becomes blackened, even
so little as 1 p.c. in the substance treated giving
a brown shade, whereas citric acid only imparts
a yellow colour.

Soluble tartrates give a white precipitate
on addition of calcium ehloride. The pre¬
cipitated calcium tartrate may be tested by
dissolving it in a minimum of acetic acid, add-
ing a strong solution of potassium ehloride, and
shaking it, when a crystalline powder of potas¬
sium bitartrate is thrown down (Grosjean).

A delicate and characteristie test for tartaric
acid consists in obtaining a silver mirror by
warming an ammoniacal solution of silver tar¬
trate. The solution to be tested is neutralised
with soda or nitric acid and precipitated by
addition of silver nitrate, and the washed pre¬
cipitate is dissolved in a small quantity of
diiute ammonia, and warmed in a test-tube at
about 70° for a few minutes. Even a very
small quantity of tartaric acid will produce a
silver mirror on the tube.

Tartaric acid may be titrated similarly to
minerai acids, phenolphthalein being the best
indicator.

Ail tartrates leave a carbonate or oxide of the
métal, together with carbon, on gentle ignition,
and may be estimated by dissolving the residue
in deeinormal acid, and determining the amount
of acid thus neutralised by standard alkali.

For the estimation of free tartaric acid, alone
or in presence of citric acid, Allen (C.N.31, 277)
recommended the following process:—2 grms.
of the sample are dissolved in 20 c.c. of proof
spirit, and the filtered solution is diluted to 45
c.c. with proof spirit, treated with 5 c.c. of
a cold saturated solution of potassium acetate,
and stirred for ten minutes. The crystalline
precipitate of potassium bitartrate is filtered
off, washed with proof spirit, and, to remove
any citrate carried down by the tartrate, is
rinsed from the filter by a cold saturated solu¬
tion of potassium bitartrate, and digested there-
with for a few hours. It is then again filtered,
washed with proof spirit, rinsed with bot water
into a weighed disli, and weiglied after driving
off the water at 100°. The precipitate may be

dissolved and titrated with deeinormal allali
and phenolphthalein instead of being weighed;

For the estimation of the acid in tartrates
and in factory liquors, argol, lees, &o., the pro¬
cesses of Warington and Grosjean must be
employed. For complété accounts of these pro.
cesses, an4 for methods of estimating the sul¬
phuric acid,total organic acids, &c.,• v. Warington
(C. J. 1875, 942) and Grosjean (C. J. 1879,312;
S. C. I. 1883, 338).

For the estimation in tartaric acid liquors
which eontain other organic acids, sulphuric
acid, sulphates of potassium, calcium, iron, and
aluminium, together with various other im-
purities, a quantity of the liquor containing 2 to
4 grms. of tartaric acid (about 30 to 40 c.c.) is
treated drop by drop with constant stirring, with
a saturated solution of potassium citrate until,
the sulphuric acid having been converted into
potassium sulphate, the citrate commences to
act on the tartaric acid, with précipitation ol
potassium bitartrate, which appears in streats
on the sides of the vessel. A précipitation of
potassium sulphate, which précédés the appear-
ance of the bitartrate when much sulphuric acid
is présent, is easily distinguished from the bitar¬
trate. A cubic centimètre of the citrate solution
is then added forevery grm. of tartaric acid sup-
posed to be présent. If a gelatinous precipitate
appear, which never occurs when the liquor cou-
tains the usual amount of sulphuric acid, the
estimation is repeated, with previous addition of
citric acid. After continuous stirring for ten
minutes at a température not exceeding 15:,
the precipitate is filtered off and washed witha
5 p.c. solution of potassium ehloride saturated
with potassium bitartrate, and the precipitite
and filter are transferred to a beaker, and titrated
with deeinormal alkali.

In presence of much sulphuric acid, potas¬
sium alum may be precipitated on addition of
the citrate solution, in which case the resolt
will be too low, on account of the solubilitj ci
potassium bitartrate in the washing liquid ir
presence of alum. To prevent this, phosphoric
acid may be added before addition of the citrate,
the liquid being filtered after ten mirais
stirring, before the appearance of a gelatinous
precipitate of aluminium phosphate.

For the estimation of tartaric acid in fartai.
Warington (l.c.) recommends the following pro¬
cess. The amount of potassium bitartrate ir
the sample is determined from the acidity. Th
neutralising power of the ash of the samples
then found. By subtracting from this the aW
belonging to the potassium bitartrate the amont
of base existing as neutral tartrates is ascer-
tained.

The method employed by Warington ari
Grosjean (C. J. 1879, 34) for the analysisoffc
is as follows : A quantity of the finely-groei
lees or argol, containing 2-2i grms. of the aril
is heated on a water-bath with a little nte
until thoroughly softened, and a 25 p.c. solnfe
of neutral potassium oxalate is then added i
quantity sufficient to combine with the whole ::
the lime and leave an excess of about l'ô «nu

of oxalate. After heating,with fréquent stinii!
for fifteen minutes, the solution is almostoe:
tralisèd with potash, and is further heated fors
short time, and filtered tlirough a small va*
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filter. The residue is washed six times, the
washings being concentrated and added to the
main filtrate ; the total bulk should not exceed
50 c.c. To the solution is then added 5 grms.
of potassium chloride, and citric acid in strong
solution or crystals about twice the amount
theoretically required to precipitate the whole of
the tartario acid as bitartrate. The solution is
stirred for ten minutes, after which the pre-
cipitated potassium bitartrate is filtered off and
washed with a 5 p.c. solution of potassium
chloride, saturated with potassium bitartrate as
above. The filter and precipitate are then plaeed
in a beaker, and titrated with standard alkali
and phenolphthalein.

Seheurer-Kestner (Chem. Zeit. 1883, 1G01,
1260,1362 ; 1885, 1356) détermines tartaric acid
as calcium tartrate. Five grms. of the crude tartar
are dissolved in hydrochloric acid, filtered, the
solution neutralised with sodium hydrate free
from carbonate, and precipitated with excess of
calcium chloride. After long standing, the
calcium tartrate is collected, washed, and ignited.
The neutralising power of the resulting car¬
bonate is determined with standard acid and
alkali, and the tartaric acid calculated there-
from.

TARTRAZINES. Dyestuffs of the tartrazine
class bave been obtained by substituting, on the
one hand, phenylhydrazine sulphonic acid by
its homologues and the naphthylhydrazine sul¬
phonic acids, and, on the other hand, substitu¬
ting dehydroxytartaric acid by such double
ketones as benzil and phenanthraquinone. The
dyestuffs, formed by benzil and phenanthra¬
quinone by condensation with phenylhydrazine
sulpbonioacid.have the following constitutions :

C6H5—C=N - NH- C6H4.S03H
I

C„HS—C=N-NH—C6H4.S03H

C8H4—C=N-KH- C6H4.S03H
I I

C,H4—C=N—NH—06H4.S03H
In the phenanthraquinone compound two of

the benzene rings are directly united in addition
to being conneeted through the —C —C— group,
which fact tinds expression in the reddish-yellow
colour of the'dyestuiï, the benzil dyestuff being
a pure yellotv.

The tartrazines elosely resemble the mixed
azo- dyes, as the constitution of the two classes
of bodies shows :

1
COOH

I
C=N—NH—C..H,

COOH
I

CH—N=N—C,H.

I I
C=N—NH—CaH. CH—N=N—C,H.

COOH COOH

1 being the ordinary formula of the osazone of
dihydroxy-tartaric acid or of unsulphonated tar¬
trazine ; 2, that of a mixed azo- dye. It is pos¬
sible that the first formula represents an unstable
compound, which at the moment of formation
undergoes a molecular change, and becomes
constituted as in the second type. This is
supported by the fact, discovered by Zincke, that

the hydrazone of ct-naphthoquinone is identical
with benzene-azo-a-naphthol. Again, Meyer
finds that the hydrazone of mesoxalie acid pre-
pared by E. Fischer is identical with benzene-
azo-malonic acid obtained by saponifying the
product of the action of diazobenzene chloride
on the sodium compound of diethylmalonic
ether. Japp and Klingemann also find the
benzene-azo-propionic acid prepared by them
identical with Fischer's hydrazone of pyruvic
acid. Further, A. Bernthsen points out that the
hydrazone of acridylaldehyde has ail the pro-
perties of an azo- dye. Then, again, whilst Japp
and Klingemann have proved that benzene-azo-
acetone is a hydrazone compound, and not an
azo- body, Claisen and Baeyer showed that cer¬
tain similar compounds behaved, in certain re¬
actions, more like azo- bodies. In the présent
state of knowledge, it is impossible to tix the
constitution of these bodies, the mixed azo- dyes
and the hydrazones, with certainty, for they
appear to be substances so susceptible of
molecular change as to react as azo- dyes in
some cases and as hydrazones in others (R.
Meyer, Mittheil. des K. K. Tech. Gew.-Museums,
1889, 49-55 ; S. C. I. 8, 530 ; v. Azo- colouring
matteiîs ; also Hydrazone colouring matters).

TASHANITE v. Resins.
TAURINE. Amidisethionic acid

C2H4(NH2)S03H.
A substance originally discovered by Leopold
Gmelin in ox-bile, but found also in human bile,
and, indeed, in ail kinds of bile which contain
taurocholic acid. Found also in the kidneys,
lungs, muscles, &c. Is never found in the free
state in healthy bile. Gontained in many mol-
luscs, in the blood of the shark, and in the liver,
spleen, and kidneys of the ray. To obtain it
from ox-bile, hydrochloric acid is added in slight
excess, and, after filtering, the liquid is evaporated
until a viscous resinous mass separates out ; the
watery liquid is decanted off and concentrated,
when common sait, formed by the action of the
hydrochloric acid on the sodium salts of the
biliary acids, crystallises out. The solution is
filtered and mixed with strong aleohol, when
taurine separates out, which is purified by re-
crystallisation. Has been artificially obtained
by heating ammonium chlorisethionate with ex¬
cess of aqueous ammonia (Kolbe, A. 122, 33).
Forms large transparent monoclinic prisms.
Readily soluble in water (1 pt. in 15-5 pts. of
water at 12°). Nearly insoluble in absolute
aleohol. Is converted into isethionic acid when
treated with nitrous acid (Gibbs, Am. J. [2]
25, 30).

TAUROCHOLIC ACID C26H45NS07. Choleic
acid, sulpho-choleic acid. A monobasic acid
existing mainly as a sodium sait in the bile.
Crystallises in line silky needles, readily soluble
in water and aleohol. Yields taurine on boiling
with acids.

TAXINE, TAXUS, v. Yew.
TCHA-LAN. A blue powder containing

copper ; used by the Chinese for obtaining a
blue colour on porcelain (Ebelman and Salvétat,
A. Ch. [3J 35, 338).

TEA. This term is usually understood to
signify both the dried leaves of certain plants be-
longing to the natural order Temstrœmiaceœ
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(notably two species- of Thea—T. chinensis and
T. assamica, or of hybrids between these two) ;
and also the aqueous infusion prepared from
them.

Tea bas been used in China for centuries.
In poems edited by Confucius, before 550 b.c.,
there are doubtful référencés to it. The writer
Yo Lu—who lived during the Tang dynasty,
which lasted from 618 to 906 a.d.—says that
it was drunk in the sixth century, and that
during the eighth century it became so common
that a tax was levied on it. Arab writers speak
of it in China in the ninth century, and it seems
to have been introdueed into Japan in 810, where
its cultivation was commenced early in the thir-
teenth century. There was no knowledge of tea
in Europe until after 1517, when intercourse
began between Portugal and China. It was first
brought to Europe in 1610 by Dutch merchants,
and some years later was introdueed into Eng-
land. Pepys mentions having tasted it. The
East India Company presented 2 lbs. of tea to
Catherine, the Queen of Charles II., in 1661, and
in 1669 they imported it directly from China.
A Mr. Wickham, the agent of the East India
Company in Japan, wrote to an officer-friend
named Eaton, in 1615, asking for ' a pot of the
best sort of chaw ' (tea), and in Mr. Eaton's own
aceounts oceurs the item, ' Three silver por-
ringers to drink chaw in.' Garway, the first
tea-dealer in London, issued in 1659 a broad-
sheet headed, 'An exact description of the
growth, quality, and virtues of the leef of Tea.'
In 1660 he bought a lot, and sold it aceording
to quality at from 15s. to 50s. per lb. He
had the infusion ' made aceording to the direc¬
tions of the most knowing merchants and tra-
vellers into those Eastern countries.' In 1666
there were not more than 100 lbs. of tea brought
to Europe, and its price was as high as 60s.
per lb. By 1725 the price had fallen to from
13s. to 20s. for black tea, and to from 12s. to 30s.
for green tea. In 1715 the amount brought to
England alone was 730,000 lbs., and in 1800 the
infusion had become a very général beverage in
this country. The following table gives some
idea of the growth of the consumption of tea in
the British Isles during the last ninety years:—

-—

Amount consumed

(lbs.)
Amount per head
of population (lbs.)

1800 23,723,000
1835 — 1-5
1840 32,000,000 —

1850 51,000,000 —

1853 58,000,000 2
1860 77,000,000 —

1870 118,000,000 —

1871 123,500,000 3-9
1876 186,000,000 —

1880 208,404,333 —

1890 194,009,000 —

1891' 202,457,000 5*33

1 Furnislied by Messrs. Thompson, Mincing Lane.

The réduction of duty has no doubt aided
this rapid increase. From about 1833, when the
monopoly of the East India Company was with-
dvawn, the high duty of 6s. or 8s. per lb. was

gradually redueed until in 1865 itwas 6d. perlb.
Since then Mr. Goschen has redueed it to id., and
the price of tea has still further diminished. In
China the price has, of course, been ahvays much
lower. In Canton some years ago the average
price was said to be 8|cZ. per lb., so that the
growers must have sold it at 5d. or M.

China and Japan were the only great tea-
producing countries until this century, although
the plant was known as far back as 1780 to be
growing in India. In 1788 Sir Joseph Banks
pointed out the advantages that would follow
from the cultivation of tea in India, and in 1820
Mr. David Scott sent leaves to Calcutta from
wild tea-plants growing in the districts that Sir
J. Banks had named as suitable for planting.
Unfortunately it was stated that the leaves sent
belonged to the genus Caméllia, and hence no
action was taken in the matter.

Early in the fourth decade of this century Mr.
C. A. Bruce noticed the tea-plant growing wild
in the jungles of Assam, and in 1839 he reeeived
a gold medal from the Society of Arts for this dis-
covery, and for successfullygrowing and preparing
China tea in India.1 Lord William Bentinck,
when Governor-General, formed a committeeto
introduce the cultivation of tea into India ; and
in 1834 Dr. Wallish admitted that David Scott
had been correct with regard to the leaf. The
Government committee at first sent to China for
seed and for skilled manufacturers, but Captain
Jenkins again pointed out the indigenous Thm
assamica, and this was used for some years.

In 1836, 1 lb. of tea was sent from India
to London; in 1837, 5 lbs.; in 1838,12 small
boxes ; in 1839, 95 boxes. In 1839 the Assam
Tea Company was formed, which in 1840 bought
one of the Government tea-gardens that liad
failed, and the cultivation has been carried on by
private enterprise ever since. Government, hoir-
ever, was not satisfied with the amount of success
attained, and a few years afterwards sent Mr.
lîobert Fortune to China to study the cultivation
and manufacture of tea, and to bring seeds and
plants thence to India. He found excellent tea
grown and made in the Chusan Islands, and in
the neighbourhood of Ning-po andof the Temple
of Tein-tung, twenty miles inland; but as this
was only for home consumption, he determineâ
also to see and get seeds and plants from the
districts of the interior, though this was for-
bidden to foreigners by Chinese law.

In 1S49 he took his young tea plants to
Hong Kong, and sent them in four différent
vessels to Calcutta. In April 1850, he returned
to Shanghai and the north to get implements
and engage manufacturers to accompany him.
Altogether he introdueed more than 12,000 plant;
into India, and went carefully over the chief tea
districts there, travelling up the Ganges andbe-
yond Allahabad. The plantations over the prin¬
cipal tea districts there lay about 29° and 30°N.
lat. and 78° and 79°E. long, and were cliiefly in
the neighbourhood of Almorah, situated aboat
4,000 and 5,000 feet above the sea. The prin¬
cipal districts now are : Upper and Lower Assam,
Dehra Doon, Kumaon, Darjeeling, Chittagong,

1 Mr. Bruce's riglit to this medal was disputed bj- Car-
tain Oharlton, who said lie had pointed out the indigenous
Assam tea-plant in 1832. The lionour of its discovery bas
also been claimed for Moneram Dewau, a native.
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Cachar, Arracan, Sunderbund, Cliota Nagpore,
and (in Madras) the Nilgiris. Kumaon, Darjeel-
ing, and Chittagong were first planted in 1864,
and Chota Nagpore in 1872.

Though in India the native plant or a hybrid
isnow used (v. Cultivation), Eortune's intro¬
duction of Chinese growers and manufaoturers
to teaoh methods to the natives rnust have
greatly aided the Indian industry.

It seems generally to be eonsidered by those
who have studied the subject that Indian teas
are good for blending on aceount of their high
tlavour, but that in every mixture a China tea
should preponderate.

The rapid increase in the amount of Indian
tea imported into England may be seen from the
following statistics :

In 1S57 we received 121,000 Ibs. ; 1872,
31,000,000 lbs. ; 1880, 45,371,704 lbs. ; year end-
ing May 31,1890, 101,052,000 lbs.

India now supplies us with more than we get
from China. Year ending May 31, 1890 : From
India, 101,052,000 lbs. ; China, 90,097,000 lbs. ;

Ceylon, 34,200,000 lbs. ; Java, 3,107,000 lbs.'
Many attempts at the cultivation and manu¬

facture have been made in Ceylon. In 1868
the coiïee plants were diseased and the crop
failed, and greater attention seems from that
time to have been paid to the cultivation of tea.
The industry bas grown enormously, as may be
seen from the accompanying tables :

Imports from Ceylon.
Year No. of lbs.

1873.... 23
1874.... 492
1875.... 1,400
1876. . 757
1877.... 2,000
1878.... 20,000
1879.... 100,000
1880.... 150,000
1881.... 500,000
1882.... 750,000
1883.... . 1,500,000
1884.... . 2,250,000
1885, . . 3,750,000
1886.... . 7,000,000
1887.... . 11,250,000
1888.... . 20,500,000
1891.... . 47,405,000

Ceylon tea combines some of the good quali-
ties of Indian and of Chinese tea, and it does
not require blending, but, like Indian tea, it does
not keep well. In this respect Chinese tea is
much the best. Tea-dealers know this, and
store smaller quantities of Indian or Ceylon tea
than of Chinese. In eomparison with Indian
tea, Chinese is also more uniform in quality.
The Indian growers are apparently inclined
to attend more to quantity than to quality.
Our increased importation from India is partly
owing to the heavy export duties levied on tea
by the Clîinese Government. As that govern-
ment is, however, now fully alive to the fact
that it is beginning to be outstripped in the tea
trade by India, it may very possibly before

1 Furnisked by Messrs. Thompson, Mincing Lane.

long lower these duties, or remove tliem alto-
gether.

Table of each 100 lbs. imported.

China
con-

tributed

India
con-

tributed

Ceylon
con-

tributed

Other
countries

coutributed

1864 92-55 2-84 _ 4-61
1865 93-00 2-50 .—, 4-50
1866 93-74 3-88 — 2-38
1867 91-81 6-07 ■ 2-12
1868 91-77 5-89 2-34
1869 90-85 8-07 1-08
1870 89-06 9-17 1-77
1871 88-25 8-91 .— 1-84
1872 86-80 8-89 4-31
1873 83-81 11-28 4-91
1874 81-90 10-12 0-30 6-90
1S75 86-31 12-87 0-08 0-74
1S76 84-03 14-99 0-05 0-93
1877 82-65 16-50 0-85
1878 80-88 17-29 — 1-83
1879 76-94 20-76 0-07 2-23
1880 76-43 21-81 0-08 1-68
1881 77-33 21-66 0-08 0-93
1S82 72-88 25-43 0-24 1-45
1883 70-27 26-66 0-90 2-17
1884 67-22 29-55 1-03 2-20
1885 65-84 30-35 2-00 1-81
1886 02-99 31-85 3-10 2-06
1887 54-00 38-15 5-89 1-96
1888 47-46 40-34 10-10 2-10
1889 39-88 42-93 14-70 2-49
1890 31-00 45-00 21-00 3-00

Eoughly speaking, the number o! people ail
over the world who now drink tea may be esti-
mated at 500,000,000. The European nations
who consume most are Great Britain, Holland,
and Bussia. Next to Great Britain, the United
States import more than any other country, but
reckoned by the amount drunk per head the
Australians are the greatest tea-drinkers in the
world. The following table gives the amount
consumed per head in six countries :

Australia 9 lbs. per head per annum ;
China, rather more than 5 lbs. ; England, about
5 lbs. ; Cape of Good Hope, 5 lbs. ; Holland,
091 lbs. ; Bussia, 0-43 lbs.

Europe is supplied ehiefly by China and
India, and North America by Japan.

The following tables, compiled by Messrs.
Wilson, Gow, & Stanton, show the amount of
the différent teas used for home consumption
for the last four seasons :

Indian .

Ceylon .

China, &o.

lbs.
1887-1888

85,618,830
12,578,124
86,654,785

1888-1889

91,368,785
23,830,564
70,420,450

Total lbs. . . 184,851,739 185,619,800

1889-1890' 1890-1891

Indian . . lbs. 98,715,902 100,485,971
Ceylon . . . 29,497,964 40,459,705
China, &c. . . 57,911,285 57,104,922

Total lbs. . .186,125,151 198,050,598
IRIS - LILLIAD - Université Lille 1



792. TEA.
Tea. United Kingdom.

Imports Consumption

Tear
British East

Indies
China (Hong Kong

and Macao) Other countries Total lbs.
Lbs.

perhead

lbs. lbs. lbs.

1873 20,326,882 133,307,196 8,710,317 102,344,395 132,022,155 4-1
1874 18,440,494 131,669,998 11,492,918 161,603,410 137,422,563 4-2
1875 25,784,866 170,966,836 1,525,570 198,277,272 145,458,120 4.4
1876 28,126,854 155,897,192 1,674,144 185,698,190 149,131,779 4.4
1877 30,957,295 154,996,561 1,561,428 187,515,284 151,275,237 4-5
1878 35,563,503 166,190,545 3,707,235 205,461,283 157,691,762 4'6
1879 39,236,433 141,435,474 3,838,472 184,510,379 160,652,187 4-6
1880 45,530,728 158,195,142 3,245,700 206,971,570 158,570,334 4-5
1881 46,054,392 164,541,989 1,866,196 212,462,577 160,225,789 4'5
1882 53,927,998 154,081,777 3,070,587 211,080,362 165,079,881 4-6
1883 60,994,402 156,170,385 4,840,732 222,005,519 170,812,697 4-8
1884 66,084,947 144,410,328 4,716,839 215,212,114 175,097,983 4'6
1885 68,635,100 139,838,344 3,901,927 212,375,371 182,455,982 4-0
1886 80,987,351 145,111,596 4,796,345 230,895,292 178,894,151 4'9
1887 97,830,117 119,739,116 5,194,054 222,763,287 183,635,885 49
1888 113,004,692 105,424,271 5,189,515 223,618,478 185,556,214 4-9
1889 127,160,409 88,848,574 5,593,677 221,602,660 185,621,800 4-9

The methods of making the infusion vary in
différent eountries. In China a pinch of tea is
put into the eup, boiling water is poured on it,
and the infusion is drunk at leisure, even after
it is cold, and without milk or sugar. The
water to make it is got from a running streani if
possible, otherwise from a spring, not from
a well, and is boiled slowly. The methods
prevailing in Japan are described further on.
in England the old fashion of letting the tea
' brew ' and constantly adding hot water to the
same leaves, is dying out ; and the best tea-
makers pourboiling water on to the leaves, which
have been put into a heated pot, let it stand
on them for about five minutes, and then pour
off the infusion or take out the leaves. The
reason for this method is, that practieally ail
the theine and oil are by that time in solution,
whilst not more than a third of the astringent
tannin has been extracted. In Bussia, lemon-
juice is added to the infusion. In Germany,
rum is sometimes added, as well as cinnamon or
vanilla. In Spain, lemon-verbena leaves are
added.

The ' brick tea ' used in West and North-
West Siberia is said to be itself eaten, after the
infusion has been drunk, mixed with sugar,
milk, and butter or some other kind of fat.

Botany. The tea-plant (Camellia chinensis)
belongs to the order Ternstrœmiaceœ.

Leaves. Lanceolate, serrate, acute, andthick.
They are alternate, and their stalks are short.
Their upper surface is green and glabrous, and
their under surface sometimes hairy on the
nerves. The veins from the midrib go nearly
to the edge, and then unité to form an intra-
marginal vein. The leaves are dotted with
pellucid oil glands.

Flowers. White or slightly yellow, axillary,
regular and hermaphrodite. Braets, two or three
beîow the calyx. There are five round and con-
vex sepals, and five obovate obtuse petals (more
rarely, six or more). The stamens are indefinite,
monadelphous, and adhéré to the petals by their
base. The styles are three in number, with

simple stigmas. The ovary is superior and
three-eelled, each cell eontaining from four to
five pendulous anatropous ovules.

Fruit. Woody, forming a three-celled loculi-
cidal capsule, which remains green for a Ion»
time. Each cell contains one exalbuminons
seed, the remaining ovules never ripening.

Cultivation. Our chief authority ou the
cultivation and manufacture of tea in China is
Bobert Fortune, who published his ' Journeyto
the Tea Countries of China ' more than forty
years ago, and gives in it many interesting par-
ticulars about the cultivation and manufacture
of tea, and of his adventures in getting to the
interior disguised as a mandarin.

He states that the parts of the world test
suited by climate for the cultivation of the tea
plant are China, Japan, India, Ceylon, South
America, parts of Australia, the shores of the
Mediterranean, the middle of France, and Ire-
land. Java might be added to his list. Accord-
ing to him, it is worth while to cultivate the
plant on a large scale only where labour is cheap.
In his time, the rate of wages in the tea-districls
of China was 2d. or 3d. a day.

A warm climate is essential. In the test
districts in China the ordinary range of the
thermometer in the summer at 3 P.M. is between
80° and 90°F. ; it sometimes reaches 100°, and
it rarely falls below 32° in winter.

The best position for a tea-plantation, if
other conditions are favourable, is a slope facing
the south, because on sloping ground there is
natural drainage, and the soil does not get too
wet ; it ought never to be as wet as in rice fields.
If fiât ground is used, the tea-gardens are often
artificially raised, and are always carefully
drained. The spring rains are most bénéficiai,
provided the drainage be efficient. There mnst
be a constant supply of water, either from natural
sources or by irrigation. Hilly districts are suit-
able, because the vegetable matter washed doo
from above enriches the gentler slopes and the
level ground below. The plant fiourishes best
in rich loam mixed with sand and gravel. Oak-
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bearing land is considered extremely good for
tea plants.

Fortune tells of tliree main tea-growing dis¬
tricts in China. In the Chusan Islands and at

Shan-hing-foo (near the coast, lat. 30° N.) excel¬
lent tea was grown and made, but only for home
consumption. The principal district for growing
leaves which were to be manufactured into green
tea1 lay between 29° and 30° N. lat. and between
117° and 119° E. long., about 200 miles inland
upthe Hwuy-Chowor Green Eiver. The planta¬
tions were originally on the Sung-lo Hill, but
afterrvards on the plain below.

The Bohea Mountains, among which was the
great black-tea district, are approximately be¬
tween 27° and 29° N. lat. and between 115° and
117° E. long. The finest Pekoes and Souchongs
came from the northern side of the hills, but
were almost entirely eonsumed at home.

The so-called 'Bohea tea,' which is an
inferior kind, was not made among these moun¬
tains, but in the neighbourhood of Canton.

The seed—which is in appearance like a
hazel nut, having an outer and an inner shell
inclosing a kernel, and ripens about a year after
the flowerhas faded—is gathered in October, and
kept in sand and earth, in which it germinates,
till March, when it is sown in rows. Holes are
dug and left for about two weeks, then filled with
surface soil, and three seeds are put into each
hole about six inches apart. The best plant
remains in the hole, and the others are trans-
planted to vacaneies. The plants are about four
feet apart, and the same distance separates the
rows. About 6 lbs. of seed are required for an
acre, which yield 2,722 shrubs. Sometimes the
seeds are sown more thickly in corners of the
tea-farm or in nurseries, and the plants trans-
planted when a year old at the beginning of the
rainy season.

The wild plant (originally, probably, the
Thea assamica ot' the forests of Northern India)
may grow to a height of from thirty to fifty feet,
but the cultivated plants are pruned and kept to
a height of from three to six feet, so that they
become well-spread, bushy shrubs resembling
somewhat the ' Portugal laurel ' in appearance.
The leaves are not picked until the plant is
three years old. It does not yield its full quan-
tity till its sixth or seventh year, and in China
leaves are seldom gathered from a plant more
tlian twelve years old. A good cultivator takes
care that some portion of his farm shall be re-
sown every year.

In India, only those plants are allowed to
flower which are to be kept for producing seed,
the leaves of which are not to be made use of.
Fortune introduced Chinese seed into India ; but
it has beeu. found that the indigenous plant, or
a cross between it and the Chinese varieties,
yields better tea in India. Only such seeds as
are used in India are imported into Ceylon.

The raw leaves yield only about one quarter
of their weight of manufactured tea. The plants
give in their third year about 80 lbs. tea, and in
their fifth year about 280 lbs. tea per acre ; in

1 It must be borne in rnind that the différence between
green and blaek tea lies solelyin the mode of manufacture.
Neyertheless, Mr. Bannister says, in his ' Cautor Lectures '
(1890), that the Chinese plant makes the best green tea,
wiiile hybrids are best for black.

their most productive year 320 lbs. per acre. It
is said that in their richest year in India now
the yield is from 300 lbs. to 800 lbs. per J
acre.1

In Portune's time, however, in India the
leaves were plucked before the plants were old
enough, and this reduced their productiveness ;
so that plants of eight years old, which should
each have yielded 2 or 3 lbs. a year, gave only
2 or 3 ozs.

Manufacture. The two great classes of tea
are green and black, the différences between
them depending solely on the mode of manu¬
facture. Sub-divisions dépend on the âge of the
leaves, i.e. the time of the year they are gathered,
and the way tliey are rolled.

The names of the chief of these sub-divisions
are as follows :

Green Varieties.

Hyson. Leaf-buds and fùrst leaf ; picked in
April.

Young Hyson.
Skin Hyson (which is only the refuse of teas).
Gunpowder. According to Dujardin-Beau-

metz, this is simply carefully selected hyson.
According to Johnston and Church, it is from a
spécial plantation, and flavoured with Olea
fragrans, the sweet-scented olive.

Twankay.
Pearl or Impérial. Dujardin-Beaumetz de-

scribes this as a kind of hyson, but coarser than
the true hyson, and of a silver-green colour.
Johnston and Church say that the true Impérial,
which is excellent, is rarely sent to Europe, and
that what we call ' Impérial ' is a tea from the
Chusan Archipelago flavoured with the Olea
fragrans.

Black Varieties.

Pekoe. Youngest leaf and leaf-buds ; picked
in April. This is sometimes 'flavoured by the
addition of orange, rose, or jasmine iiowers.
When with the first-named, it is called Orange
Pekoe.

Assam Pekoe is said to be inferior to the
Chinese.

Gongou or Congo.
Moning.
Souchong. According to Dujardin-Beaumetz,

the strongest of the black teas.
Pouchong.
Bohea. The same authority describes this

as a mixture of various leaves, stalks, and dust.
Knapp says it is the coarse leaves picked in
September and October.

Caper (plain-scented). The dust of various
teas made into hard grains by means of gum or
rice-water.

A list of Indian teas given by Edward Smith
in his ' Foods ' contains these :

Fine Pekoe.
Pekoe. Small leaf.
Pekoe Souchong. Large leaf.
Souchong. Larger leaf.
Congou. Coarse, dark, old leaf.

1 This agréés with Mr. Richard Bannister's criticism on
the Indian planters that they are rather inclined to think
more of quantity than quality.
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JBroken Pekoe. Siftings of other Pekoes.
Pekoe-Souchong Souchong. Siftings of Pekoe-

Souchong and Souchong.
Fannings. Siftings of Congou.
Indian teas given in Blytk's ' Foods ' are :

Mayone.
Mayone Gunpowder.
Oolong.
Mannuna Kaisow.
Scented Pekoes.
Indian Souchong.
Assam.
Java.

Mr. Richard Bannister (Deputy Principal of
tlie Inland Revenue Laboratory ') gives rather a
différent account of the names.

Taking them in the order of the âge of the
leaves when picked, beginning with the youngest,
they are as follows :

a. Flowery Pekoe. 1 ' Poco ' means the
h. Orange Pekoe. S white down of the under
c. Pekoe. J leaves.
d. First Souchong. \ ' Souchong ' means
e. Second Souchong. J ' small plant.'
/. Congou. ' Congou ' means ' labour,' and

is meant to express that great care is required
in the préparation of this tea.

a, b, c niixed make Pekoe.
a, b, c, d, e mixed make Pekoe-Souchong.
According to the older authorities, the leaves

are plucked three times a year. In April (that
is in China just before the spring rains2) ; at the
end of May or beginning of June ; and towards
the end of June, or, according to some autho¬
rities, in July. Sometimes there is a fourth
gathering in tlie late summer or early autumn, but
leaves of such a size3 and âge as they are then
make only the eommon and coarser kinds of tea.
In South Australia there are always four, and
sometimes in wet seasons a fifth gathering.
AVomen are generally, if not always, employed
in India, and sometimes in China, for the pick-
ing.

Mr. Bannister states that a plant is picked
as its successive ' flushes ' appear, a ' flush '
being the throwing-out of new shoots and leaves ;
and that the number of flushes in a season—

that is, in from seven to nine months—varies
from eighteen to twenty-five, according to the
soi]. Up to a certain point the more a plant
is picked the more new shoots it throws out.
At the end of the season eaeh shrub is 3J or 4
feet high, and about 5 feet in diameter. It is
then pruned down to a height of 2 feet and a
diameter of 3 feet, and thus it remains till the
spring.

In the manufacture of green tea the object
is to keep the colour and prevent fermentation ;
it is necessary, therefore, to roast as soon as pos¬
sible after picking, and finish the whole process
quickly.

In the manufacture of black tea, on the eon-

trary, the leaves are dried slowly before mani¬
pulation, and one of the processes is that of
fermentation.

1 ' Cantor Lectures,' 1890.
2 In April and May the monsoon changes from north-

east to south-west, and causes the rainy season. From June
to August the weather is extremely hot, and there is very
little rain, but the dews are heavy.

3 A f ull-grown leaf measures from 5 to 9 inches in length.

Processes of manufacture of green tea.
Chinese methods.'

Steaming. To get rid of the raw flavour,
and preserve the colour, the leaves are spread
out in bamboo trays and fitted into a bamboo
box, the bottom of which is a boiler. Robert
Fortune seems to have mistaken this process for
drying, and to have thought the whole of the
steam coming off was the natural moisture of
the leaves. Here the leaves remain for an hour
or two. They then are exposed on tiled floors,
or in shallow bamboo trays out of doors in the
shade, to prevent their turning yellow, and are
meanwhile separated from stalks and dirt.

Itoasting. Half a pound of leaves at a time
is put into a knn or iron pan, 10 inches deep
and 16 inches in diameter, which is set in a
brick stove over a brisk wood fire. Here the
leaves are kept four or five minutes, and stirred
ail the time rapidly with the hand. When taken
out they are moist and flaceid, though much
vapour has been given off.

Bolling. The object of this is to break the
cells, whose contents come out and spread over
the surface of the leaf, so that a fine aroma is
produced. This is doue on the rattan table,
where the leaves are rolled by hand into balls,
shaken out again, and rolled once more, pass-
ing from hand to hand till they reach the head
workman, who sees whether they have the
proper twist. If they are right they are shaken
out on flat trays or sieves, and allowed to cool
for a few minutes.

The second roasting is done over a slow char-
coal. fire for an hour or an hour and a half, at
the end of which the green colour is fixed, dull
at first, but gradually growing brighter. During
the second roasting one manmoves and occasion-
ally rolls the leaves, while another fans.

Sifting. This is first done by means of sieves
of différent sizes ; then the leaves are winnowed
on large bamboo trays, and finally they pass
through the winnowing machine. This gets rid
of dirt and impurities, and separates the différent
kinds of tea, according to size and twist of leaf.

During the sifting the leaves undergo a
third roasting or re-firing. It was about five
minutes before the end of this last roasting that
the manufacturer used to add the Prussian bine
&c. for eolouring. This was done for the foreign
market only, as this highly coloured tea was
prized in Europe until it was discovered to be
faced. The whole manufacturing process takes
about ten hours. Sometimes the sorting and
re-firing take place at Canton before exportation
instead of in the interior.

The principal centre of the tea trade in the
green-tea district of China was, in Robert For-
tune's time, Tun-che or Huy-chow-foo (lat. 30"
N., long, about 119° E.) The merchants bought
their tea from the priests and farmers whogrew
and manufactured it ; they refined, sorted, and
made it up into ' ehops.'2 From this place part
of the tea was shipped to go down the river to
Hang-chow-foo and thence to Shanghai; part

1 Knapp's ' Ohemical Technology.*
3 A 'chop,' according to Edward Smith in his * Foods,'

means the ainount of tea yielded by one plantation in one
year. In this case it seems to dénoté some spécial weight
or measure.
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was sent over the hills to the west, and then
down the river towards Lake Po-yang, on its way
to Canton.

Japanese methods.'
These are very niuch the sarne as in China.

The chief points are as follows :
1. After steaming, the leaves are spread on

tables or straw mats, and fanned to cool and
get rid of some o£ the steam.

2. First rolling takes place before roasting.
3. There are three rolling proeesses as well

as three roastings. The leaves are rolled very
delicately andlightly at first, but as they become
drier and less stieky they are rolled more and
more strongly, till they take their final twist.

i. The furnaces are made o£ bamboo and
mud, six or eight in a firing-room.

ô. Chareoal is burnt every time, and a bundle
of rice straw is burnt on the top of the chareoal,.
as its ash prevents the contact of the chareoal
with the air, and secures uniformity of heat.

Over this are three iron bars, on which rests
an iron gauze. Upon tbe gauze is placed a
wooden frarne with a paper or iron bottom, and
starch paste is rubbed on the paper to give a
smooth surface and prevent the formation of
dust.

0. The température of the first two furnaces
is from 75°C. to 85°C-, sometimes even 94°C.
The third roasting takes place at a lower tem¬
pérature, from 65°C. to 75°C.

7. After the last roasting there is a final dry-
ing, the leaves remaining ail night spread on
paper on the furnaces, which have been reduced
to a température of from 35° to 40°C. by the
removal of ail the glowing chareoal.

8. The sifting to get rid of dust takes place
before the third roasting, but the final sortiment-
ing is the next process. The sieves are hung
by string and gently swung to and fro, while the
tea is lightly pressed by the hand, and the open
blades are separated from the rolled leàves and
stalks. After almost ail the dust and open leaves
have been blown off, the latter are finally picked
out by hand. Final Jiring now takes place at a
moderate heat for about seven minutes. At the
ports, the merchants have the tea again fired
and sortimented before it is packed for exporta¬
tion.

Indian methods.

Machinery is almost exelusively used in
India for the manufacture of tea, as insuring
'more cleanliness and uniformity' tlian the
method by hand. Each process appears to be
gone through once without necessity for répéti¬
tion.

There seems to be less différence between the
Indian and the Chinese mode of manufacturing
green tea than there is between the methods of
the two countries in making black. Aceording
to Mr. Bannister, the Indian method of making
green tea is as follows :

The leaves are picked twice a day. Those
which are brought in at 1 p.m. are partly manu¬
facture! the same day ; those which corne in at
night are spread six inches thick till next morn-
ing. The various processes are :

l'Researches on the Manufacture of Varions Kinds of

Tea,'by Y. Ivozai. Bulletin No. 7 of the Impérial Collège of
Agriculture and Dendrology, Japau.

1. Drying (if necessary).
2. Roasting. This is done in pans over tires

till the température is 160°I\, and the leaves
are meanwhile vigorously stirred for seven
minutes.

3. Rolling. This is done four times in succes¬
sion, the leaves being dried in the sun between
each rolling.

4. Second roasting. The leaves are returned
to the pans, and roasted at the same température
as before.

5. Beating. Bags are filled with the leaves,
which are then beaten heavily. They remain
in the bags ail night.

6. Third roasting. During the stirring this
time the température gradually falls from 160°F.
to 120°F.

7. Sifting and sorting. The sieves are round
and made of brass wire or cane, with wooden
sides 3j inches high. Before sifting, any red
leaves there may be are carefully picked out.

The method of manufacture in Ceylon is the
same as that in India.

Processes of manufacture of black tea.
Chinese methods.

A little of the soft stalk is picked with the
young leaves and leaf-buds for black tea.

Withering. The leaves are spread on large
bamboo trays or mats, and exposed out-of-doors
for some hours. If leaves are gathered during
the wet season, this first drying takes place in-
doors on frames standing some feet above pans
of hot chareoal. This process renders the leaves
soft and pliable ; the stalks bend without break-
ing, and do not crackle when compressed.

Tossing and fermentation. In a cool build¬
ing, or in the shade out-of-doors, the leaves are
then tossed and gently patted till they are soft
and flaecid. They then lie in heaps, covered
with a cloth, and are carefully watched till they
get a slightly reddish tinge, and give out a fra-
grant smell.

First roasting and rolling. This roasting is
for five minutes in shallow iron pans over wood
fires. The rolling is on rattan tables, the same
as for green tea. Sometimes the rolling takes
place first, and sometimes the roasting.

Exposure out-of-doors. The leaves are now
shaken out thinly on sieves, and put out-of-doors
on bamboo frames for about three hours. In
the blaek-tea districts they are seen in front of
ail the cottages ; and workmen go from one to
another turning and separating the leaves. The
day should be fine and dry, but not too hot.
When dry enough, they are removed to the
factory.

Second roasting and rolling. This roasting
is in the same shallow iron pan as before, and
the rolling on the same table.

Drying and rolling. The leaves are spread
to a depth of about one ineh in sieves, and these
are put into tubular baskets called poey-longs,
which are slightly contracted in the middle, and
are feet long and 1£ feet broad, somewhat
like a dice-box in shape. There are cross-wires
a little above the contraction of each basket on

which the sieve stands. The poey-long, whose
mouth is covered by a bamboo tray, stands
upright over a low stove built on the ground,
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and containing a small quantity o£ charcoal, so
that the tea-sieve is about 14 inches above the
stove. These stoves are buiit round three sides
o£ a long narrow room, and are 2 or 3 feet deep
and 51 inehes high. While the rolling goes on,
the balls of leaves are left standing in heaps
till ail are done. The drying and rolling go on
alternately, either two or three times, till the
leaves are dry and crisp and have the right dark
colour.

Sifting. Tkis is done by means of large
circulai' barnboo trays, and the large leaves, if
necessary, are picked out by hand.

Final drying. The tires are covered to re¬
duce the heat. The leaves are plaeed much
more thickiy in the baskets, and the workman
makes a hole with his hand tlirough the centre
of those in each sieve, to equalise the heat and
allow the charcoal vapours to escape. Here the
leaves remain over a slow tire for two hours or

longer. The mouth of the basket is quite closed
by a tray: For home consumption in China tea
is not dried quite so much, and it is kept for a
year before use.

With regard to the ' brick tea,' manufactured
in China for consumption chiefly in West and
North-West Siberia, it may be stated there are
three kinds. The blocks of the first kind are

made in wooden moulds, and are pressed and
dried by the hand ; they are each 12 inches
long and 7 inches wide, and weigh about 3| lbs.
Thirty-six of these bricks cost about twenty-
eight shillings. The second kind is better.
Each cake measures 8} inches by 5J inches,
and weighs 1| lbs., and a basket of eighty or
ninety of these costs about thirty-four shillings.
The third kind is made of black tea-dust,
pressed by machinery into ' bricks ' 8£ inches
long and 6 inches wide, each weighing about 2|-
lbs. A basket of sixty-four cakes costs thirty-
three shillings.

The chief towns in the black-tea district of
China are, aceording to Fortune, Tsong-gan-
kien and Tsin-tsun. The merchants of these
places bought tea from the cultivators, and
packed it for the foreign markets, making
up chops of from 300 to 600 chests each.
The tea was earried part of the way on the
backs of coolies, and part of the way in boats
down the river to Ho-kow, a town of from
300,000 to 400,000 inhabitants, and the great
emporium of the black-tea trade. Fortune
describes the streams of coolies that he met on

the road, and how careful they were not to place
the chests on the ground even for a moment,
lest the damp should damage the best kinds of
tea. From Ho-kow the tea was sent on either
towards Lake Poyang and down to Canton, or
northwards to Shanghai.

Japancse methods.1
1. The out-door withering process lasts only

about an hour. In wet weather it is done on a

rough cloth in hot pans, or on barnboo sticks
over a gentle furnace.

2. The next process after withering is the
first rolling. Great care is taken not to lose
too much sap : if not done between the liands,

1 Y. Kozai, l.c.

the leaves are rolled in a flat box, whose lid and
bottom have rough steps eut in them; over
which a piece of rough cloth is nailed. The
purpose of rolling, however, is to get the sap
out of the cells and on to the leaf, so that the
infusion may have ail the substances possible in
solution.

Fermentation. The leaves are either formed
into small balls, or spread and pressed together
on trays. They are then covered over with
a cloth, and exposed to the sun. This lasis
from forty to sixty minutes, at a température of
about 40°C. Too short a time does not get rid
of the raw flavour : too long a time produces a
sour flavour. The exact time dépends on the
character of the leaves and the température. The
higher the température and the more succulent
the leaves, the more quickly does fermentation
take place. The right moment to stop is known
by the colour of the inside of the bail or layer,
the process being checked long before complété
fermentation has taken place.

Exposure out-of-doors, callcd ' sunniwj!
Fermentation really continues slowly during
this process, which lasts about an hour in
bright weather, but longer when it is cloudr.
In wet weather it is done indoors over a gentle
furnace.

Second rolling, and drying or 'firing.' The
drying is in poey-longs, as in China. A paper
is spread at the bottom of the sieve to prevent
leaves falling into the furnace and causing
smoke, which gives a ' smoky-burnt ' flavour to
the tea. The température is at first about 65°C,,
or less, but is gradually raised to 75° or 80°C.
The leaves are not touched, but the baskets aie

constantly removed, and the leaves re-spreadin
fresh baskets. The firing is finished when the
leaves are brittle enough to break by a slight
pressure between the Angers ; and the red leaves
are then removed by hand.

Sifting is done most carefully with sieves
having meshes of exact sizes, each sieve used
having smaller meshes than the last. The
meshes vary from 3 inches square to T5 inches;
and the smaller the leaves the better the tea.

It will be seen that the manufacture diflen
from that of China in the order of the pie-
cesses, and the time of their duration, but is the
same in principle.

AU teas in Japan are re-fired in the 'go-
downs ' of the exporters. This is to drive off aoj
excessive moisture,1 tea being extremely hygio-
scopic, and to destroy any germs which might,
especially in the presence of moisture, cause the
tea to decay on its voyage to other parts of the
world.

It has been proved by experiments with
leaves of other plants in japan that steaming
not only préserves their colour but prevents la¬
mentation. This may be because the heat of
the steam kills the organisais which produit
fermentation. Hence, for black tea, the leaves
must on no account be steamed, but withereJ,
and then allovved to ferment. For green les
the leaves are steamed to prevent fermentation
and preserve colour, and are manufacture!
quickly.

1 Kozai gives the weight of moisture of ordinarytaù
Japan as 10 to 11 p.c., and says that tlie re-firiiig before
exportation reduces tliis to 3 or 4 p.c.
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In Japan two other kinds of tea are manu-
factured, called respeetively liamairii or pan-
roastcd tea and lencha or flat tea. The former
is made simply by alternate roasting in an iron
or bronze pan, and rolling on a table seven or
cight times over. Till 250 years ago ail tea was
made so, but now it is rare. Aecording to Y.
Kozai this is sometimes made in China, and is
known there as ' sencha.' For flat tea the leaves
are supplied from a spécial plantation. They
are not rolled or touched by the hand at ail, but
are spread on stilï paper for firing by means of
bamboo sticks, and are alternately collected and
spread out till nearly dry. Then they are taken
from the furnace, ail the broken or yellow leaves
removed, and fired again. The final drying
lasts ail night at a gentle heat, and the leaves
are tben separated into three classes. For use
they are powdered, and drunk with the infusion.

Indian methods.

The processes are as follows :
1. Withering on fine basket-work trays in the

sun.

2. Rolling. This is done either by the
rolling machine or by a line of men on each
side of a table, who pass the leaves from one
end to the other. When soft and ' mashy,' and
giving out juice, the leaves are made into a bail,
the juice that has come out being mopped up
constantly during the process.

3. Fermentation. The balls stand until fer-
mented, and are most carefully watched, as the
fi&vour and quality of the tea dépend largely
on stopping this process at the right moment,
and only skilled tea-makers can judge of this.
At the proper time the balls are broken up, and
the leaves spread thinly on mats in the sun.
When they get rather black they are collected
and re-spread, so that ail the leaves may be
alike, but this does not take long, for

4. Drying or Firing should take place as
quickly as possible after the fermenting process,
to drive off ail the moisture. This is generally
done in McMeekin's chest of firing drawers,
which consists of a set of trays one above the
other, the bottom of each, on which the leaves
are spread, being made of fine wire gauze, so
that ail the trays can be heated at once. For-

merly charcoal fires always produced the heat,
but now hot air is often used instead. When
the tea cornes out of this machine it is almost
black, and has a very delicate aroma.

5. Sorting. In sieves to separate the leaves
into the différent kinds for commerce.

The sélection of teas for the market requires
great delicacy of taste, and is the spécial busi¬
ness of men known . as tea-tasters. Dujardin-
Beaumetz says that they taste a five minutes
infusion made by adding 105 grms. of water to
from 2 to 6 grms. of tea. Mr. Bannister gives
the following as the method :—43J grains tea
are infused in 3j ounces water poured on at
100°C., when 20 p.c. of the total extract is
obtained, and 50 p.c. of the theine. The tasters
then judge by the bouquet, flavour, andpungency
of the infusion, which dépend a good deal on
the amount and the quality of the volatile oil.
But tea-tasters do not judge only by the taste ;
they consider also the colour, uniformity, and
âge of the leaf. In old times the East India
Company employed tea-tasters at Canton, but
Chinese tea is now generally tasted in Lon-
don.

Chemistry of tea. The analyses of air-dried
tea difïer aecording to whether the tea be green
or black, where it has been grown, and other
circumstances.

The most important constituents of tea are
theine, tannin, ash, and essential oil. Of these
it is generally found that there is rather more
theine in black tea than in green, and a good deal
more tannin in green (though, aecording to Alfred
Hill, this rule is not without exceptions) ; the
amount of ash is fairly constant ; the quantity
of essential oil is very small in both, but it seems
to be larger in green tea than in black. The
total matter soluble in hot water is larger in
green tea than in black.

The paper on the manufacture and chemistry
of various teas by Y. Kozai, of Japan, which
has been already quoted, gives analyses of
the tea-leaves (ail of the same kind) from a
certain plantation under three différent con¬
ditions :—

1. Dried at 85°C.
2. Made into green tea.
3. Made into black tea.
The following are the results :—

—
Original leaves

dried
Same made into

green tea
Same made into

black tea

Crude protein 37-33 37*43 38*90
Crude fibre ....... 10*44 10*06 10*07
Ethereal extract 6*49 5*52 5*82
Other nitrogen-free extract .... 27*86 31*43 35*39
Ash 4*97 4*92 4*93
Theine 3*304 3*200 3*300
Tannin (calculated as gallo-tannic acid). 12*91 10*64 4*89
Soluble in hot water 50*97 53*74 47*23
Total nitrogen 5*973 5*989 6*224
Albuminoid nitrogen ..... 4*107 3*937 4*106
Theine nitrogen 0 956 0*926 0*955
Amido-nitrogen 0*910 1*126 1*163

100 parts of dried leaves yielded
Green tea . . . . 98*64
Black tea . . . . 95*47

From the above figures it follows that in the
process of manufacture the change in the amounts
of the various constituents was such as is shown
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in the following table, where ( + ) dénotés the
gain, ( - ) the loss in 100 parts of eaeh con¬
stituent :

Dry mat ter .

Crude protein
Crude fibre .

Ethereal extract .

Other nitrogen-free ex
tract .

Ash
Theine .

Tannin .

Soluble in hot water
Total nitrogen
Albuminoid nitrogen
Theine nitrogen .

Amido-nitrogen

Green tea

- 1-30
- 1-70
- 4-98
-16-18

+ 11-31

- 2-12
- 4-49
-18-67
+ 5-96
- 1-0S
- 5-67
- 4-49
+ 22-75

Black tea

- 4-56
- 0-61
- 7-94
-14-33

+ 21-21

- 3-01
- 4-92
-63-82
-11-69
- 0-61
- 4-58
- 4-92
+ 22-42

The loss in ethereal extract is considérable,
because part of the tannin changes during manu¬
facture to a form insoluble in ether. In black

tea, liowever, which undergoes fermentation,
acids are formed during the fermentation that
are soluble in ether.

The slight loss of ash and of theine arises
from the mechanical loss of sap during manu-
facture.

The loss of tannin occurs during the heating
processes in the manufacture of both kinds of
tea. In black tea there is loss also during fer.
mentation, when the tannin décomposés into
substances insoluble in hot water. This accounts
for the fact that hot water extracts less from
black than from green tea.

Altogether, the change from the original
leaves is greater in black tea, because of the
process of fermentation.

T-hough the physiological value of any variety
of tea dépends on the amount of its theine, Eder
says (D. P. J. -229, 81,1878 ; 231,445,1879) that
this does not affect its commercial value, which
dépends on—first, amount of extractive matter
in hot water; second, tannin; third, total ash;
fourth, ash insoluble in water. Hence in his
analyses he does not détermine the theine. The
foliowing are his results : —

— Tannin
Extractive

inatter in liot
water

Total ash Ash soluble in
liot water

Black tea (average of 25 analyses)
Yellow and green tea (average of 9 \

analyses) /

10-09

12-4

38-7

41-3

5-62

5-73

2-75

2-79

The following are général analyses showing the différences between green and black tea :—

Geneeal Analyses.

Cungou at 2/10 Young Hyson at 3/0
t black) (green)

Moisture 8-20 5-96
Theine 3-24 2-33
Albumin insoluble ....... 17-20 16-83
Albumin soluble 0-70 0-80
Extractive by alcohol containiug nitrogenous matter . 6-79 7-05
'Dextrin or gum — 0-50
'Pectin and pectic acid 2-60 3-22
Tannin ......... 16-40 27-14
Chlorophyll and resin ...... 4-60 4-20
Cellulose 34-00 25-90
Ash 6-27 6-07

100-00 .100-00
.

Average of six varieties of China green tea. J. P. Geissler, in ' Nahrungs und Genuss-Mittd,'
by J. Kônig.

Maximum Minimum Average

Moisture 7-78 5-39 6-43
Half-hour extract..... 44-70 30-20 36-74
Total extract 50-00 43-30 46-56
Insoluble leaf 49-61 44-60 47-05
Tannin 19-11 11-87 14-57
Theine 2-86 1-52 2-02
Soluble ash 5-02 2-02 3-28
Insoluble ash C-38 2-11 3-61
Ash insoluble in HC1 . 0-66 0-21 0-49
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Average of eleven Congou blaclc teas. J. F. Geissler (' Analyst,' 1884).
— Maximum Minimum Average

Moisture 9-15 7-65 8-37
Half-hour extract ..... 32-14 23-48 28-40
Total extract 37-06 27-48 34-35
Insoluble leaf 63-85 54-50 57-20
Tannin....... 13-89 8-44 11-54
Theine ....... 2-87 1-70 2-37
Soluble ash 3-52 2-28 3 06
Insoluble ash ..... 3-86 1-90 2-68
Ash insoluble in HC1 .... 1-31 0-32 0-425

The général différences between Indian and
China teas are:—

Indian contain a larger amount of extractive

matter than China teas, more tannin, and more
essential oil. It is the larger amount of oil tliat
givestheir high flavour to Indian and Ceylon teas.

Average of six Indian teas. J. P. Geissler ('Analyst,' 1884).

Maximum Minimum Average

Moisture 6-19 5-56 5-81
Half-hour extract 39-66 37-80 38-77
Total extract 45-64 41-32 42-94
Insoluble leaf 53-07 48-53 51-24
Tannin...... 18-86 13-04 14-87
Theine 3-30 1-80 2-70
Soluble ash 3-68 3-24 3-52
Insoluble ash 2-22 1-93 2-12
Ash insoluble in HC1 . 0-296 0-137 0-178

Indian black tea. W. M. Green (C. N. 1884).
Assam Pekoe-Soucliong (leaves of médium

Extractive matter by liot water
Theine
Tannin
Nitrogen .

Total ash .

f Soluble ash
\Insoluble

43-54
1-50

21-46
3-37
5-59
4-31
1-28

The following oircumstances affect the chemi-
cal composition of tea :—

1. Age of leaves. From Spring to Autumn,
the percentage of water, crude protein, and
nitrogen free extract continually decreases ; the
theine diminishes gradually ; the crude fibre in-
creasesproportionally as crude protein decreases.
The percentage of ethereal extract increases pro-
portionally as nitrogen free extraet decreases.
The percentage of tannin increases slightly; that
of substances soluble in hot water gradually
diminishes at first, then increases slowly. The
percentage of total ash slightly fluctuâtes, but
the constituents change much.

Potash and phosphoric acid diminish, whilst
the lime, magnesia, iron, soda, manganèse, and
sulphuric acid increase.

Silica and chlorine remain nearly constant.
Some of the above. général statements are

shown more exactly by the following figures :
May November
p.c. p.c.

Water . 76 60
Theine . 2-85 0-84
Total nitrogen 4-91 2-67

us

Probably a portion of the amido-nitrogen be-
came theine nitrogen.

May November
p.c. p.c.

Tannin . -. 8 11 or 12
Ash . . 4-69 5-14

These results were obtained by O. Kellner in
conjunction with K. Oku and K. Ogasawara,
of Japan ('Landwirthschaftliche Versuchs-Sta-
tionen,' 1886, p. 370).

2. Effect of light. On a plantation of uni-
form conditions and similar plants, Y. Kozai
tried xvhat différence of chemical composition
there would be between the leaves of plants
grown under the usual conditions and those
of plants screened from the light by wooden
frames during the last three weeks of their
growth before picking. He obtained the follow¬
ing results :

Leaves exposed
Screened leaves to liglit

Theine . . 4-532 p.c. 3-784 p.c.
Total nitrogen . 7-835 6-945
Theine nitrogen 1-311 1-0943
Tannin no différence;

The screened leaves were bleached, and had
a fine and peculiar aroma.

Kozai states that there is not aetually more
theine in the screened than in the exposed
leaves ; but that in the latter there is a prépon¬
dérance of woody fibre which makes the total
dry matter larger.

3. Age of plants. It has often been said
that old plants make the best tea. This has
not yet been thoroughly proved or disproved by
experiment, but some researches by O. Kellner
with M.,Tanaka and B. Minari on plants aged
4, 7, 16, and 20 years respeetively, show that
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the amount of water decreases regularly with
the âge of the plant, and that ail other changes
are extremely irregular. The older the plant,
the more manuring and pruning is necessary to
get a good crop of leaves.

4. As to manuring, it appears that it lias no
effect on the chemieal composition of the leaves,
although it increases their number on each plant.
Bannister, however, says : ' A judicious System
of manuring nearly doubles the yield of tea, im-
grroves its flavour, and increases its strength.'
Bush prunings, weeds,and général rubbishmake
a very good manure. Animal manure must be
used with great care.

Theine may be considered the active principle
of tea, physiologically speaking, since a large
number, if not nearly ail, of the various plants
whose leaves are used for infusions, and take the
place of tea, contain it. Wigner, contrary to
Eder, asserts that the commercial value of tea
also dépends on the amount of theine it contains.
The composition of theine is C8H5N„02. It crys-
tallises in needles, is eolourless, odourless, and
has a slightly bitter taste. It neutralises acids,
combining with them to form salts. Crystallised
from aqueous solutions, it forms a hydrate eon-
taining two molécules of water. It dissolves in

98 times its own weight of cold water. It vola¬
tilises at 385°C., therefore the idea that it is
driven off during the drying of the leaves is
erroneous, though a small amount of it is lost by
the unavoidable mechanical loss of sap which
adhères to the hands of the manufacturera and
to the apparatus.

The published déterminations of theine in
tea vary greatly, but this is partly owing to the
différent methods used.

We give here only the more recent estima¬
tions made by methods of repute.

Bannister gives the following table of theine
déterminations made in the Inland Revenue
Laboratory :—

Kind of tea Price per lb. Percentageof
Theine

Bohea . 1 7 3-31

Congou. 2 6 2-93

Young hyson. 3 2 4-29
Gunpowder low . 2 6 3-18

„ good . 5 0 4-98
Assam, low . 2 8 3-03

„ good. 4 6 4-83

Theine per cent.
Elévation ab Moisture
which grown per cent.

Original tea Dry tea

Ceylon teas. Eeét
Penrhos ...... 2,500 6-8 4-56 4-89
F. L. C. . . 6-0 4-56 4-85
Nahalma 300 5-6 4-54 4-80
Hairs from leaves .... 6-6 2-40 2-57
Hardenhuish Pekoe .... 3,500 3-8 4-08 4-24
Woodstoclc Pekoe Souchong 4,200 3-6 3-44 3-57
Badilla Broken Pekoe.... 4,800 4-6 4-10 4-30
Morton Pekoe ..... 400 4-2 3-98 4-15
Penrhos^ Broken Pekoe 2,500 6-4 4-64 4-9C
Strathellic Orange Pekoe 2,000 5-4 4-10 4-33
Nahalma Orange Pekoe 300 5-4 4-06 4-29
Venture Orange Pekoe.... 4,300 5-4 3-74 3-95
St. Leys Pekoe Dust . 4,600 5-6 3-46 3-66
Venture Pekoe Souchong 4,300 4-8 3-40 3-57
Venture Broken Orange Pekoe . 4,300 6-6 3-98 4-26
Calsay Pekoe Souchong 5,000 6-2 3-22 3-43
Venture Pekoe 4,300 5-6 3-48 3-68
St. Clair Orange Pekoe 4,200 4-6 3-90 4-09

Indian teas.
Pekoe Tips, picked out — 7-56 4-27 4-62
Broken Pekoe — 7-00 4-48 4-81
Pekoe — G-40 4-16 4-44
Orange Pekoe — 4-80 4-66 4-89
Pekoe — 5-60 4-48 4-74
Broken Pekoe — 4-80 3-76 3-95
Pekoe — 5-40 3-66 3-86-
' Weak ' Tea — 6-80 4-06 4-35
' Strong ' Tea — 5-80 4-18 4-43
Mixture ......

— 6-00 3-64 3-87

G-iven in E. Bannister's ( Cantor Lectures ' for 1890.

Détermination of Theine in Geylon and Indian Teas (Paul).1

Estimation of theine in tea. Hilger re- I of the sample of tea are submitted to tta
commends the following plan 10 to 20 grms. | successive treatments with boiling water. 1
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slight exoess of basic lead aoetate is added to the
filtered extract, the precipitate being eollected,
washed and decomposed with hydrogen sulphide.
The filtered solution from which the lead has
thus beenremovedisevaporated to dryness with
addition of pure sand, granular marble, magne-
sia or chalk. The dried mass is now thoroughly
extracted with chloroform in a Soxhlet's appa-
ratus, the residue left after evaporation of the
chloroform being dried for three hours at 100°
and weighed. By repeatedly crystallising the
residue from water or dlcohol it may be obtained
colourless.

Waage has examined 37 methods proposed
or used for the détermination of theine, and
gives preferenee to the methods of Mulder,
ïricke, Stablschmidt, and the one deseribed
above, but considers Mulder's method with some

slight modifications the best. The modified
method is as follows :—10 grms. of tea are ex¬
tracted by four treatments with boiling water,
taking altogether four hours' time. The filtered
extract, measuring about 2 litres, is evaporated
to a syrup, mixed with 2 grms. of pure calcined
magnesia and 5 grms. of sand, and, after being
thoroughly dried, is submitted to extraction
with anhydrous chloroform in a Soxhlet's appa-
ratus. The chloroform is evaporated, a slightly
coloured residue being left, whioh eontains fatty
and resinous matters. These impurities are
removed by dissolving the residue in hot water
and filtering ; the filtrate is evaporated to dry¬
ness and weighed, after being heated to 100°
for two hours.

M. Hoffmann and E. Tittelbach also recom-

mend Mulder's method, but the former considers
it necessary to treat the aqueous extract with

lead acetate to remove tannin and colouring
matters as much as possible, preeipitating the
lead from the filtrate with hydrogen sulphide
(An. Ph. 223, 828 ; S. C. I. 8, 822).

Tannin. Wynter Blyth states that if any tea
gives less than 6 p.c. of tannin its genuineness
may be suspected. Wigner's analyses give. the
following results :

Tannin p.c.

Mayon Young Hyson tea . . 39-0
Very ehoice Assam . . . 33-0
India Young Hyson . . . 39"0
Assam (from Dr. McNamara's

garden) 27'7
Caper, mixed .... 42-3

The amount of ash is nearly the same in ail
teas, from 5 p.c. to 6 p.c. Aceording to Blyth,
it is always rich in alkaline salts. Zôller found
its constituents are as follows :

Potash
Soda .

Magnesia .

Lime .

Oxide of iron
Manganous oxide
Phosphoric acid
Sulphuric acid
Chlorine
Silica .

Carbonic acid

. 39-22 p.c.
. 0-65
. 6-47
. 4-24
. 4-38
. 1-03

. 14-55
. trace

. 0-81

. 4-35

. 24-30

If much more than 4 p.c. of oxide of iron be
detected, it indicates adultération by the addition
of iron filings or magnetic oxide of iron.

The following results were obtained in the
Inland Revenue Laboratory (J. Bell) :—

—

Congou
(low)

Congou
(fine) Hyson Soucliong Moning Assam Gunpowder

(fine)

Total ash on dry tea
Sand

6-10 6-94 G-46 5-99 8-291 6-49 6-67
308 8-51 2-17 1-51 13-37 3-72 5-66

Silica 6-35 9-27 5-93 3-77 9-47 2-51 6-52
Chlorine .... 1-06 1-07 1-12 1-01 0-99 0-97 1-11

Potassium, to satisfy chlorine 1-16 1-17 1-23 1-11 1-09 1-07 1-22

Potash,K20 . . . 34-38 28-87 35-66 34-29 26-83 37-71 30-69
Soda, Na2Ô .... 0-G2 1-07 0-80 0-34 0-50 0-97 1-27
Ferrous oxide, FeO 2-82 0-84 1-12 1-68 2-23 0-57 1-43

Alumina, AL03 5-55 3-42 2-73 4-19 4-52 1-54 2-70
Manganèse oxide, Mn304 1-68 1-37 1-93 1-59 1-49 211 1-92
Lime, CaO .... 8-82 8-74 9-54 8-98 9-04 8-58 8-19
Magnesia, MgO 2-12 4-87 4-65 3-19 2-42 6-48 6-52
Phosphoric anhydride, P205 . 14-11 14-68 14-11 18-54 12-69 14-74 16-15
Sulphuric anhydride, S02 6-52 6-54 6-34 6-38 5-39 5-83 6-68
Carbonic anhydride, CO, 11-73 9-58 12-67 13-42 9-97 13-20 9-94

1 Moning ash very liigh 4 arising from sand and silica.' Less in another analysis.

A détermination of the amount of ash alone
may serve to detect the presence of leaves other
than those of the tea plant, for these usually
differ largely from tea leaves in the amount of
their ash. Paraguay tea, liowever, eontains
about the same amount of ash as true tea, but
differs in the proportion of soluble and insoluble
ash.

Soluble Insoluble Total
Common tea . . 3'55 2-37 5-92
Paraguay tea . . 4-22 2-0G 6-28
Vol. III.—T

Almost the whole of the insoluble portion of
the ash dissolves in hydrochloric acid -, any
residue is probably sand.

Warington found from 34 p.c. to 45-5 p.c. ash
in ' Lie-teas,' and from 4-73 p.c. to 6-5 p.c. in
true teas.

Very little is known about the oil of tea,
which is supposed to give it its flavour. It is
of a lemon-yellow colour, lighter than water,
solidifies easily with cold, and resinifies on ex-
posure to air. It has a strong smell like that of
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the tea plant. It appears to be formed during
manufacture, and it is possible that more than
one kind of oil is produced. It is probably a
narcotic. There is about 0-5 p.c. oil in black
tea, and 1 p.c. in green. New tea contains more
than old.

The highest amount of moisture known in
air-dried tea is 16 p.c. According to Wigner,
the mean of the amounts yielded by driest
Hysons and gunpowders and the moistest Con-
gous is 7'67 p.c. Dragendorff found the average
amount of moisture in twenty-three teas of Bus-
sian commerce to be 10 p.c. Péligot gives the
amount in black tea as 10 p.c. ; in green tea as
8 p.c. W. M. Green found in Assam tea 7*76 p.c.
moisture.

The nitrogen often cornes from the albumen
and theine.

Péligot gives . . . .6-5 p.c.
Hodges (average of four teas). 3-93
Wigner ( do. do. ). 3-52
W. M. Green . . . . 3-37

Gluten or legumen forms a quarter of the
weight of the leaves according to Johnstone
and Church (' Chemistry of Common Life ') ;
but as it is hardly soluble in water, it is of no
practical dietetic value. More will be dissolved
if soda be added to the water. The ' brick tea '
used in Thibet is prepared in such a way as to
extract the greater part of the gluten ; the tea is
rubbed to fine powder, and boiled in the alkaline
steppe-water with sait and butter, or fat of some
kind, and the infusion is then poured off. This
tea is extremely nutritious, and, mixed with a
little milk, forms the food of the inhabitants for
weeks at a time. One of the Himalayan tribes,
and some other tea-drinkers, eat the leaves after
drinking the infusion, thus getting the whole of
the nutriment.

Tea infusion. Of the matter extracted by
water from tea we have the following particulars.

Prom experiments made in the Laboratory
of the Inland Bevenue, Bell obtained the follow¬
ing amounts of total extractive matter by water :

Chinese teas.
Pekoe leaves . . . 54-0 p.c.
Pekoe Souchong . . . 52-3

12-0 12-7
2-0 —

0-6 —

___ 7-2
10-0 —

12-0 10-0
1-7 2-3
0-938 0-29
0-036 0-584
0-133 1-031
0-021 0-68

Indian teas.
Pekoe leaves . . . 48-9 p.c.
Pekoe Souchong . . . 49-3

Eder determined the proximate prineiples ut
tea infusion with the following results :

Dissolved Remained
by water in leaves

Dry matter . . 40-0 p.c. 60-0 p.c.
Nitrogenous sub

stances
Theine.
Tea oil.
Besin, chlorophyl

&c. .

Tannin
Extractive matter
Ash
Potash.
Lime .

Phosphoric acid
Silica .

0. Kellner, in conjunction with S. Ishii and
M. Kamoshita, determined the proportions of the
constituents of tea in the infusions ordinarilj
drunk in Japan. The methods of mailing the
infusions are, however, différent from those em-
ployed in this country. They are :

1. Por tencha, extra-fine green tea, the
leaves are ground to powder, and drunk with
the infusion.

2. Por superior green tea, the leaves aie
digested for two minutes with water at a tem¬
pérature of 50-60°C.

3. Por médium green tea, boiling water ir
poured on the leaves, and stands on them toi
one minute.

4. Por inferior tea, the leaves are boilel
with water.

The object in ail these methods is to get on;
as much theine and oil as possible, togefc
with a moderate amount only of tannin.

Kellner digested 90 grms. superior green tea
with half a litre of distilled water at 50°C. After
five minutes the infusion was poured off, and
another half-litre of water at 50°C. was added
to the leaves. This was repeated three times,
and each infusion was analysed separately, with
the following results :—

Dry matter .

Theine .

Tannin.
Total nitrogen
Ash

Potash
Soda
Lime
Magnesia
Ferrie oxide
Mangano-mangan
Phosphoric acid
Sulphuric acid
Silica .

Chlorine

In 100 grms. of
tea employer!

grms.
88-60

3-43
15-75

6-541
5-14

Ash ingrédients.

In first In second In third
infusion infusion infusion

grms. grms. grms.
4-69 4-17 3-16
0-50 0-41 0-42
2-50 2-26 2-20
0-292 0-267 0-251
0-88 0-74 0-25

1-996 0-297 0-296 0-12#
0-297 0-085 0-175 0-021
0-132 0-006 0-005 0-008
0-612 0-068 0-037 0-032
0-437 0-020 0-005 0-002
0-065 0-017 0-003 0-002
0-921 0-065 0-036 0-028
0-499 0-103 0-022 0-020
0-077 0-038 0-009 0-006
0-129 — — —
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Percentage amenait of each constituent dissolved.
— First infusion Second infusion Third infusion Totai

Diymatter 5-3 4-7 3-6 13-6
Theine 14-6 12-0 12-3 38-9
Tannin 15-9 14-4 13-9 44-2
Total nitrogen 5-2 4-7 4-4 14-3
Ash 17-1 14-4 4-9 36-4

Ash ingrédients.
Potash 15-1 15-1 6-1 36-3
Soda 28-6 58-9 9-1 96-6
Lime 4-6 3-8 2-3 10-7

Magnesia 11-1 60 6-2 22-3
Ferrie oxide 4-6 01 0-05 4-75
Mangano-manganic oxide .

26-2 4-6 3-1 33-9
Phosphoric acid 7-1 3-9 3-0 14-0

Snlphuric acid 20-8 4-4 4-0 29-2
Silica 49-4 11-9 8-1 69-4

Thus the tkree infusions hâve much the
same composition, but a fourth infusion would
piobably be différent, for it has very little ' body '
or aroma.

Tbe boiling-water method gives différent re-

sults. Kellner digested 100 grms. of superior1 tea
with 1 litre boiling distilled water, and the first
infusion contained more than the sum of the con¬

tents of the three infusions by the warm-water
method. The following table shows his results :

In 100 grms. of tea
employed

In the total
infusion

From 100 parts of
each constituent the
following parts were

dissolved

grms. grms. grms.

Drymatter 95-52 15-34 16-1
Theine 3-31 1-33 40-1
Tannin 19-10 7-04 36-8
Total nitrogen 6-19 1-061 17-1
Ash 5-92 2-14 36-1

Ash ingrédients.
Potash 3-195 1-384 43-8
Soda 0-307 0-101 32-1
Lime 0-572 0-034 6-0

Magnesia 0-359 0-142 39-4
Ferrie oxide 0-204 0-022 10-8
Mangano-manganic oxide . 0-098 0-050 51-0
Phosphoric acid 0-579 0-233 40-2

Snlphuric acid 0-326 0-080 24-5
Silica 0-186 0-004 2-1
Chlorine 0-127 0-069 54-3

Table showing général results of above comparison of infusions.
IVarin water

In 1 litre

First infusion
Boiling water

infusion infusion Average

Dry matter
grms. grms. grms. grms. grms.

8-43 7-60 5-69 7-24 15-34
Theine 0-91 0-74 0-75 0-80 1-33
Tannin 4-49 4-07 3-97 4-18 7-04
Crude protein 0-528 0-476 0-452 0-486 1-061

Nitrogen free extract 1-82 1-83 0-82 1-29 5-08
Total ash 1-59 1-33 0-45 1-29 2-11
Potash 0-535 0-533 0-216 0-428 1-384

W. M. Green made similar researches on in¬
fusions prepared aocording to the English
method. 420 cm. boiling distilled water were
poured on to 3-5 grms. tea, a cosy was put on
to the tea-pot, and the tea was digested for

a given number of minutes, with results as
follows :—

1 In practice, it mnst be remembered, only inferior teas
are brewed in this way. Thus the results wiil be higher
than is practically the case.
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5 minutes' 10 minutes' 20 minutes' 40 minutef
infusion infusion infusion infusion

per cent. per cent. per cent. per cent.

Extractive matter by water 21-78 25-35 26-81 28-14
Theine 1-11 1-30 1-16 _

Tannin 6-85 8-52 11-73 16-32

Hitrogen 1-11 1-16 1-11 1-04
Ash 3-52 4-09 4-15 4-48

A strong décoction of tea frequently beeomes
turbid on cooling, and is covered by a thin
pellicle, caused by séparation of tannate of theine.
This would account for the fact that there is less
theine and less nitrogen in the 20 minutes' than
in the 10 minutes' infusion. After 40 minutes
the température of the water had fallen from
100°C. to 60°C.

W. Dittmar lias determined tbe amoirats oi
theine and tannin in solution after (1) fin
minutes' and (2) ten minutes' infusion of i
number of Chinese, Ceylon, and Indian te,
with the following average results, expresse! in
per cents, of tea :—

.

— Theine Tannin
Ratios

Theine Tannin

Chinese, 8 samples . .

Ceylon, 6 samples . . <J
Indian, 12 samples . .

5 minutes
10 „

5 „

10 „

5 „

10 „

2-58
2-79
3-15
3-29
3-63
3-73

3 06
3-78
5-87
7-30
6-77
8-09

1
1
1
1
1
1

1-18
1-35
1-86
2-21
1-86
2-16

The following déterminations were made on
samples of choice Ceylon Pekoe Tips after ten !
minutes' infusion :

Per 100 parts of tea

Theine Tannin
' Heatherset,' sold at

1Z. 10s. per lb. .
' Havillant,' sold at

ni. per lb.
In the préparation of the five minutes' in¬

fusions, 10 grms. of the tea were digested with
half a litre of boiling water in a flask surrounded
by cotton wool ; after three minutes' standing
the contents of the flask were shaken, and after
standing five minutes were filtered through
muslin into a half-litre flask, the residual leaves
being washed with a small quantity of water
and the washings added to the main portion.
After cooling the infusion was made up to
exactly 500 e.c., and the theine and tannin deter¬
mined in aliquot portions ; the former by the
magnesia and chloroform method, the latter by
Lôwenthal's method. The ten minutes' infusions
were prepared in an exactly similar manner,
except that the contents of the flask were agitated
after five minutes' standing, and filtered after ten
minutes' standing.

These results show that practically no more
theine is extracted by ten minutes' infusion than
by five minutes' infusion, but that the amount of
tannin is considerably increased by the longer
infusion. They also show that Indian and
Ceylon teas contain slightly more theine, and
considerably more tannin, than China teas.

Tea infusion alwaysgrows blacker as it stan ds.
This is probably due to the increase of tannin in
the solution and its altération by oxidation.

With regard to infusions of tea, it should ht
remembered that différent results are obtaiiei
from the same tea, according to whethffl Ht
water used is hard or soft. The larger.wholesale
dealers have analyses made of the watersasdii
the différent towns and districts wkich tle;
supply, and sell différent teas in différent neigi-
bourhoods, the kind depending on the parti;:!;:
water used in each.

Adultération in its old forms is very little
practised now, probably not at ail in this
country. But inferior teas from old stocks a
sometimes sold, also teas recovered from vretfe;
vessels and re-dried. These generally contain a
very large percentage of common sait,

The modes of adultération formerly mm
were :—

1. Adding leaves of différent kinds, as beect,
hawthorn, Camellia Sasanqua, sloe,willow,fc,
also tea leaves that had been already used.

2. ' Facing ' black tea with graphite.
3. Adding colouring matters to green te,

notably indigo or a mixture of Prussianblueaii
gypsum.

4. Adding cateehu and other astringent
prineiples.

5. Adding sand containing ferrie oxide to in¬
crease the weight of the tea.

The above adultérations were detectedbot
by the microscope and by analysis of the ai
and in the case of foreign leaves, or lesœ
already infused, by determining the amonnie:
theine and tannin.

A regular form of 'lie-tea' made in Cfe
was the sweepings of tea-warehouses, cemettr
by rice-water and rolled into grains. As mat:
as 500,000 lbs. of such tea has been sent in on
year to England.

Theine Tannin

3-15 6-63

3-40 7-47
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Différent plants are used as tea in différent
parts of the world. The chief of these is the
Ilex paraguayensis, or Brazilian holly, whose
leaves make what is known as Paraguay tea or
'maté.' It contains a nareotic volatile oïl, the
quantity of which soon deereases when the tea
is kept ; 2 p.c. tlieine, according to Stenhouse
(probably more) ; 16 p.c. astringent acid,
analogous to tannin, and which blackens on
exposure to the air; 10 p.c. gluten. The total
extractive matter is 25 p.c. This tea infusion
bas been drunk by the Indians from time im¬
mémorial. Ail classes in Paraguay have drunk
it for 300 years ; and it is now taken by almost
the whole population of South America. The
Creoles drink it before every meal. Its aroma
resembles that of our tea, and it has a pleasant
bitter taste. It is said to be more exciting than
onr tea, and to produce delirium tremens if
taken in excess. The leaves are sometimes eaten
after the infusion has been drunk. Two other
speoies of holly are used for tea in Brazil ; and
teas drunk in Chili and in Central America,
and called Paraguay tea, are prepared respec-
tirely from Psoralea glandulosa and Capraria
Ujlora.

Other plants whose leaves are used to make
tea are :—

Coffee-trce.
Glaphyria nitidia (a species of myrtle),in

the Eastern Arehipelago.
Lcdum palustre and Lcdum latifolium

make ' Labrador tea.'
Catlia edulis makes 1 Abyssinian tea,' known

as ' Kât ' or ' Kaat.'
Yarious species of Mclaleuca and Lepto-

spermum (belongingto the myrtle order), various
species of Correa (belonging to the Butaceœ) ;
Acœna sanguisorba (allied to the Rosaceœ), and
the bark of the Australian Sassafras, make
the ' Abyssinian tea ' of Australia and Tas-
mania.

Angrœcum fragrans (an orchid) makes the
' Faham tea ' of Alauritius.

Ail the above teas, except the last, eontain
théine, and ail have a volatile oil and an astrin¬
gent principle allied to tannin.

For further particulars respecting them
and other teas v. Church and Johnstone's
' Chemistry of Common Life.' W. M. G.

TELIESCIN v. Horse-chestnut.
TELLURITE v. Tellurium.
TELLURIUM. Sym.Te. At. wt. 127*7 (Wills,

v. Hauer, Berzelius), 127'64 (Brauner).
Tellurium rarely occurs in the free state ; in

Colorado crystals have been found containing
99'9 p.c. of tellurium, with traces of gold, silver,
and copper. It occurs in small quantities as
tcllurite or tellurium ochre Te02, graphie tel¬
lurium or sylvanite (AgAu)Te3, black tellurium
or magxjagite (AuPb)2(TeS.Sb)3, white tellurium
Ag,Te, and tctradymitc Bi2Tes. It also occurs in
arsenical iron pyrites, and is found in the seleni-
ferous mud of the sulphuric acid chambers.
Egleston has observed its présence in ' red short '
copper.

Crystalline tellurium is a bluish white, me-
tallic-looking, brittle solid of sp.gr. 6-24, melting
at 455° (Camelley a. Williams). The vapour
density of its vapour is normal at 1390° (Deville
a.Troost).

Tellurium, like sélénium, exists in the arnor-
phous and crystalline conditions, the conversion
of the former into the latter absorbing heat. It
burns with a blue flame, is insoluble in water and
carbon bisulphide, but dissolves in cold fuming
sulphuric acid, with deepened colour and pro¬
duction of tellurium sulphoxide STe03, from
which tellurium is precipitated on addition of
water.

When tellurium is heated with hydrogen, or
when zinc telluride is treated with hydrochloric
acid, the hydride TeH„ is produced. When
heated, this gas is again reduced to crystalline
tellurium and hydrogen. It dissolves in water,
and précipitâtes heavy metals as tellurides.

Tellurium forms three oxides, TeO, TeO.,,
and Te03, tellurous and telluric acids and their
salts, corresponding to the latter oxides, and two
sulphides, TeS2 and TeS3. Two chlorides, TeCl,
and TeClj, and the corresponding compounds with
bromine and iodine, and a tetrafluoride, are also
known.

The high atomic weight obtained for tellu¬
rium by Wills, v. Hauer, and Berzelius, and
confirmed by the laborious analyses of Brauner,
would render it impossible to place that element
in the position assigned to it by the periodic
law which requires that tellurium should have
an atomic weight lying between those of anti-
mony and iodine. From analyses of the tetra-
bromide and dibromide, and from observa¬
tions regarding those compounds, however,
Brauner considers that the tellurium hitherto
known consists of a mixture of tellurium with
unknown elements. He has succeeded, by frac-
tional précipitation of tellurium solutions, in
obtaining a number of new bodies, some of which
appear to eontain new elements. One of these,
which has been named Austriacum (Austrium)
by Brauner, appears to be the dvi-telhirium pre-
dicted by Mendeléefï. Another body, apparently
allied to arsenic and antimony, has also been
found (C. J. 1889, 382 ; and C. J. Abs. 1889, 94).

TELLURIUM OCHRE v. Tellurium.
TEMPER. An alloy of arsenic and lead

sometimes used for hardening shot, v. Arsenic,
alloys of ; also, Tin.

TENNANTITE v. Fahl-ore.
TERBERITE v. Tungsten.
TERBIUM v. Cerium metals.

TEREBENE v. Oils, essentlal.
TERPENES. The essential or volatile oils

which are so widely diffused through the vege-
table kingdom eonsist, with eomparatively few
exceptions, of hydrocarbons, terpenes, having
the formula C10H16, together with products which
have probably been formed from them by poly¬
mérisation or oxidation. The turpentine oils
obtained from the wood, leaves, or fruits of
various conifers, the essences of lemon, berga-
mot, orange, and other fruits of the natural order
Aurantiaceœ, the essential oils extracted from
the leaves and flowers of many of the Labiatœ,
and from the fruits of the Umbelliferœ, are
among the most important, but many other
plants yield volatile oils of similar character (v.
Oils, volatile).

The terpenes are liquids (b.p. 156-176°) of
characteristic odour,not sensibly soluble inwater,
though they communicate to it their peculiar
taste and odour, miscible with strong spirit of
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wine, but usually in limited quantity, miscible
in ail proportions with glacial acetic acid. The
terpenes existing in nature are ail optically
active, some being dextro- and others lœvo-
rotatory. No homologues are at présent known,
the composition CRH,., attributecî to a product
o£ distillation o£ podocarpic acid described by
Oudemans (B. 6b, 1125) resting on insufficient
evidence.

Before 1876 it was known that the terpene
from essence of lemon boils at a température
nearly 20° higher than the b.p. of oil of turpen-
tine, but no classification of the terpenes had
been attempted. Tilden and Shenstone then
prepared the nitrosochlorides (C. J., May 1877),
and from a study of these compounds divided
the known terpenes into three classes (Tilden,
C. J. Feb. 1878), as follows

1. Turpentines, or terpenes proper (156-160°).
2. Citrenes (174-176°).
3. Sylvestrene (173-175°), discovered by At-

terberg (B. 10b, 1202).
Since that date the most important systematic

experiments are those of O. Wallaeh (A. 225, &c.).
Disregarding for the présent the solid cam-

phenes and the polyterpenes, the following addi-
tional groups must now be recognised :—

4. Dipentene (175-176°) (Wallaeh).
5. Terpinolene (185-190°) (Wallaeh).
6. Terpinene (about 180°) (Wallaeh).
7. Phellandrene (about 170°) (Pesci, Gaz.

Chim. Ital. 16, 225).
8. Fenchene (158-160°) (Wallaeh, A. 263,

129).
In the following account of these compounds

the names which have been introduced by Wal¬
laeh are employed

1. Pinene group ( = turpentines or ter¬
penes proper).

Australene, or dextro-pinene, of which recti-
fied American turpentine, from Pinus australis
and P. Tœda, almost wholly consists, is obtained
by agitating the commercial oil with an alkaline
solution, drying completely, and carefully frac-
tionating (156°). Dextrorotatory [a]j = + 21-5
(Berthelot, A. 83,105 ; 88, 345, 110, 367 ; Suppl.
ii. 226). [a]D = + 25-9, D ? = -8765, D | = -8586,
D j^=-8278 (Tilden, unpublished experiments).
This compound is also a constituent of many
volatile oils, e.g. Eussian and Swedish turpentine
oils, from Pinus sylvestris and P. Ledebourii
(Tilden, C. J. 33, 80) ; wormwood and spearmint
(Brûhl, B. 21a, 156).

Terebenthene or lœvopinene. French turpen¬
tine oil, from P. maritima, consists chiefly of this
liydroearbon. (156-5°). [o]j= -40-32. D ? = -8767,
D ^=-8619 (Eiban, C. E. 78, 788; 79, 314).
Présent also in oil of rosemary (Bruylants, J.
1879, 944), oil of lemon (Tilden, Ph. [3] 9, 654),
sage and juniper (C. J. 31, 554), thyme and anise
(Brûhl, B. 21a, 156), and others.

For production and properties of turpentine
oils v. Oils, essential.

Both dextro- and lœvo- rotatory pinenes from
différent sources differ considerably in rotatory
power, the hydrocarbon from juniper, for in¬
stance, giving a rotation of only about 1° for a
eolumn of 100 mm. (Tilden a. Shenstone, C. J.

1877, i. 557). To what cause this is due bas
not been determined, but it is suggested by Arm-
strong that in the case of American turpentine
the low dextrorotatory power is due to the
presence of a lsevorotatory terpene. Ail agree,
however, in the following chemieal characters.
Dry hydrogen chloride gas unités with the hydro¬
carbon, forming a monohydrochloride C„HISHC1
[125°] (v. Camphene, infra) ; in the presence ot
water, alcohol, ether, or acetic acid, hydrogen
chloride forms a dihydrochloride C10H]62HC1
[50°] (v. Dipentene, infra) ; nitrosylchloride gas
passed into a solution of the terpene in chloro¬
forme at —10° forms a nitrosochloride C10Hl8NOCl
[103°] (Tilden, C. J. 1875, 514 and 1877, i. 551),
the same compound being formed by the action
of hydrogen chloride on a cooled mixture of the
terpene with amyl nitrite and glacial acetic acid
(Wallach, A. 245,245). The nitrosochloride treated
with alcoholic potash yields a nitroso- com¬
pound C10HI5NO [131°]. (For crystallographj,
v. N. Story-Maskelyne, C. J. 1875, 518 and Phil.
Mag. 1879, 129.) Mixed with alcohol and nitrio
acid, pinenes yield crystallised terpin hydrate
C]0H2„O2.OH2 (Wiggers,A. 33,358 ; 57,247 ; Tilden,
C. J. 33, 247 ; Hempel, A. 180, 71). Wken ex-
posed to air or oxygen in the presence of sunlight
the pinenes yield an interesting crystallme pro¬
duct C10HlsO2, discovered by Sobrero (C. E. 33,
66). Armstrong proposes to call this compound,
which is an alcoholic body, Sobrerol. When
distilled with dilute acid it yields a compound,
Sobreronc, which is identical with one of the
produets of the action of nitrous acid upon
pinene isolated by Wallaeh and Otto, and called
by them pinol (A. 253, 249). Sobrerol is dextro-
or lœvo- rotatory according to the characterof the
terpene from which it is formed. The pure sub¬
stance melts at 150°, but when equal rveigktsol
the two varieties are mixed an inactive compound
is obtained which melts at 131° (Armstrong and
Pope, C. J. 59, 311).

2. Limonene group ( = citrenes).
Dextro-limonene (174-176°), D -846 at 20'.

When obtained from oil of orange [n]D = +1068
ca. (Wallaeh, A. 252, 145). This hydrocarbon
constitutes the ehief ingrédient in oils of orange,
bergamot, lemon, and limes ; it is also présent
in oils of carraway, pine needles (P. sylvestris'!),
dill, erigeron, &c.

Lœvo-limonene is contained in theoil of Scotch
fil- leaves (P. sylvestris), sometimes called Tir-
wool oil' (Tilden, C. J. 33, 83; Wallaeh,A
227, 287). A specimen, believed to have been
obtained from leaves of P.picea, gave (175-1#),
D |§ = -846, [a]D= -105° (Wallaeh, A. 246,221).

The limonenes are distinguished by giving
with hydrogen chloride a liquid monochloriir
and a dihydrochloride [50°] identical with thit
obtained from the pinenes ; also a nitroso¬
chloride, either by the direct addition of nitro¬
sylchloride (Tilden a. Shenstone) or by actioi
of amyl or ethyl nitrite and hydrochloric acid
(Wallaeh). From the nitrosochloride is obtained
a nitroso- compound [71°] which, when prépaie!
from lœvo-limonene, is identical in every respect
with earvoxim C10HnN.OH from carvol. (Foi
Crystallography, v. N. Story-Maskelyne, P. ï-
1879, 132 ; for a comparison of the rotatorj
powers of the two limonenes and their dériva-
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tires, v. Wallach, A. 252, 141.) The limonenes
are further characterised by the formation of a
crystalline tetrabromide C]0HlsBr4 [104-105°],
by direct addition of bromine (Wallach, A. 227,
277).

It appears from Wallaeh's later researches
that the nitrosochloride obtained as deseribed
above eitber from dextro- or lsevo- limonene is
always a mixture of two oompounds, which are
separable from eaeh other by means of cold
chloroform in which the a compound is more
soluble than the 0. The former crystallises from
ether in large clear crystals, the latter in needles.
There is a slight différence of melting-point, and
the a compound has in each case a greater
rotatory power than the /3, but the two nitroso-
chlorides seem to be only physical isomerides,
and are chemieally identical, as they yield
exactly the same deriyatives (A. 252,113). This
point, however, requires further investigation.

3. Sylvestrene, in Swedish turpentine, ob¬
tained by dry distillation of flr wood (Atterberg,
B. 10,1206) ; also in Bussian turpentine (Tilden,
0. J. 33, 80; Wallach, A. 230, 245), in Com¬

pany with australene (176-177°), D jjj = -8510,
Dg=-8470, [o]D = 66-32° (Wallach, A. 245, 197).
The odour of sylvestrene is différent from that of
common turpentine, and resembles the odour of
fresh fir wood. It forma a liquid monohydro-
chloride and dihydrochloride [72°], from which
the hydrocarbon may be recovered unchanged by
heating with aniline and alcohol. Sylvestrene
yields a nitrosochloride [106-107°], which is
strongly dextrorotatory, and by décomposition
with alcoholic potash gives an oily product.
It also yields a tetrabromide [135°] crystallising
inmonosymmetric tables (A. 239, 29).

i. Dipentene. This name includes diiso-
prene (®. Pentylenes, Watts' Dictionary of
Chemtstky, vol. iii.), isoterebenthene, formed by
the action of heat on terebenthene, cinene, caj e-
putene, caoutchene (q. v.). Dipentene is pro¬
duced, together with terpinene, terpinolene, and
terpineol by the action of sulphurie or phosphoric
acid on terpin, or by the action of sulphurio
acid on the pinenes under certain conditions.
The product thus obtained was formerly called
' terpilene.' Dipentene may be prepared from
the dihydrochloride [50°] obtained from either
limonene or moist pinene, by the action of heat
on the chloride (Tilden, B. 12, 1133), or by boil-
ing it with a mixture of sodium aeetate and
acetic acid, or with alcohol and aniline (Wal¬
lach). Dipentene thus obtained is, however,
accompanied by considérable quantities of cym-
ene, terpinene, terpinolene, together with a small
amount of a saturated hydrocarbon of boiling-
point 155° (Tilden, C. J. Eeb. 1893). The fore-
going methods are ail artifieial ; the only naturaj
prodncts in which dipentene is known to exist
are the volatile oils of the camphor tree (Wal¬
lach, A. 227, 296), also oil of elemi, and in
Eussian and Swedish turpentine (Wallach).

Dipentene boils at 175-176°. It has a plea-
sant smell of lemons, it combines with bromine,
forming a tetrabromide [125-126°], and unités
with 2HC1, forming a compound [50°], iden¬
tical with the dihydrochloride obtained from
pinene.

The nitrosochloride [101 102°] yields by
the action of alcoholic potash an inactive carv-
oxim [92-93°]. Dipentene also gives a nitroso-
nitrate C]0H16NO.ONO2 [84°] (A. 245, 367).

Dipentene is opticallv inactive, and may be
produced synthetically by mixing together equal
quantities of dextro- and lœvo- limonene, just as
racemic acid may be formed by intermixture of
dextro- and laevo-tartaric acids. The compound
in this case, however, appears to differ so
decidedly from limonene that dipentene has
hitherto been regarded as a distinct hydrocarbon.
The derivatives of dipentene are also inactive,
and may be formed by union of the correspond-
ing limonene oompounds.

Thus the inactive isonitroso-dipentene or
carvoxim [93°] may be formed by mixing toge¬
ther equal quantities of the lœvocarvoxim [72°]
from dextrolimonene, and dextrocarvoxim
[72°] from lœvopinene. The compound which
results, notwithstandlng the différence of m.p.,
still gives by Raoult's method a molecular
weight corresponding to the simple formula
C10H15NO (Wallach, A. 246, 230).

It appears that certain derivatives of dipen¬
tene exist in a second optically inactive form.

When pure a limonene nitrosochloride (v.
Limonene), prepared from either dextro- orlrevo-
limonene, is warmed with an alcoholic solution
of piperidine, a mixture of two crystallisable
nitrolamines results in each case, as follows :

a. Nitrolpiperidines C]0H]6NONCaH10.
From lœvolimonene.

a. [93-94°]. Rhombic (from alcohol).
Md = — 67-60°. Hydroehloride dextro- rotatory.

0. [110-111°]. Monosymmetric. [o]D =
+ 60-18°. Hydroehloride almost inactive.

From dextrolimonene.
a. [93-94°]. Ehombie. [a]D = + 67-75°.

Hydroehloride lœvo- rotatory.
/3. [110-111°]. Monosymmetric. [o]D =

— 60-48°. Hydroehloride ?
. Similar results have been obtained by the

employment of aniline and benzylamine. The
salts of the bases thus produced possess in every
case a rotatory power opposite in direction to
that of the base from which each is derived.

Erom the foregoing statement it is clear that
from each of the two active modifications of
limonene two distinct sériés of bases are derived.
Two other sériés may be formed from the in¬
active hydrocarbon. Thus when the two a
piperidine bases [93-94°] above deseribed are
dissolved in petroleum spirit, and the solutions
mixed, an inactive nitrolamine [154°] is at once
precipitated. A second inactive compound
[152°] is formed in like manner by mixing the
0 limonene bases (Wallach, A. 252, 123).
The question whether ail dipentene compounds
are capable of existing in two modifications
remains to be settled. Wallach has observed
(A. 239, 13-14) that the hydriodide formed from
cineol, or from terpin hydrate, crystallises in
two différent forms with a slight différence of
melting-point—viz. rhombic [77°], monosym¬
metric [78-79°]. At présent, however, no method
is known of producing from limonene active
addition compounds with two molécules of
hydracid ; with excess of hydrogen chloride,
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for example, the same inactive dipentene hydro¬
chloride [50°] is obtained.

Dextrolimonene and lœvolimonene give when
oxidised no tolnic or other benzenoid acid, but
dipentene, when made from the dihydrochloride,
gives about one-third of its weiglit of paratoluic
aeid. This, however, is due to the presenee of
cymene and terpinene. Pure dipentene may be
obtained from the products of destructive dis¬
tillation of india-rubber (y. Caoutcliin, vol. ii.
811). This liquid when oxidised yields the same
products as limonene (C. J. 53, 879, and Feb.
1893).

5. Terpinolene (185-190°). The formation
of this hydrocarbon lias already been referred to,
§ 5. It forms an optically inactive tetrabrom-
ide, which crystallises in monosymmetric tables
[116°], and is quite distinct from the tetra-
bromides of dipentene and limonene, especially
in its instability, the crystals becoming gradually
converted into a porcelain-like opaque mass.

With hydrogen chloride and hydrogen brom-
ide terpinolene unités to form the dipentene
hydrochloride [50°] and hydrobromide [64°], in
this respect resembling limonene.

6. Terpinene. The product obtained by
boiling terpin hydrate with diluted sulphurie
acid (Tilden, C. J. 33, 250), that formed by
the action of slightly-diluted sulphurie aeid on
turpentine (Armstrong a. Tilden, C. J. 35,
747), also the product of heating the dihydro¬
chloride CinHjgClj [50°], were formerly believed
to be identical, and received the name terpinyl-
ene or terpilene (Berthelot).

The action of sulphurie or phosphoric acid
on terpenes and on terpin is now known to
yield, in addition to products of polymérisation
(colophene), three distinct hydrocarbons—
namely, dipentene, already described (175-176°),
terpinene (179-181° ca.), and terpinolene
(185-190°) (Wallach).

Terpinene has not been obtained in an abso-
lutely pure state, but is well eharacterised by
the formation of a nitrosonitrite C,0Hl6N2O3
[155°] (Wallach, A. 239, 33).

The tetrabromide is fluid, and it yields no
crystallisable hydrochloride. A hydrocarbon of
like properties has been found in oil of earda-
moms (Ev. Weber, A. 238, 98).

Synopsis of terpenes

Terpinene-nitrosonitrite by the action ot
bases is converted into nitrolamines, for example:

C'»H'<NHH> [116-118°],

CIOHI5<CNHOsH,<> [13°-131°]
(Wallach, A. 241, 315).

7. Phellandrene (Pesci, G. 16, 225). The
seeds of Phellandrium aquatieum eontain about
2'5 p.c. of a volatile oil, of which about 80 p.c.
consists of a dextrorotatory terpene (171-172°).
The same hydrocarbon is containeà, together
with anethol, in the oil of bitter fennel, Fiai-
culum vulgare (Wallach, A. 239, 40). It also
forms a constituent of oil of elemi.

In the oil of Eucalyptus Amygdalim\is\\n\
finds the isomeric lœvo- phellandrene (A, 216,
232).

Phellandrene in either form is easily altér¬
able by the action of acids into dipentene and
terpinene; also into a solid polymeride CMHK
[86°].

Phellandrene is specially eharacterised by
the formation of a nitrosonitrite CioH^N.O,
first observed by Cahours, afterwards (Z. 1865,
579) examined by Bunge. Pesci obtained it ky
the action of a nitrite and dilute sulphurie acid
upon the hydrocarbon. It forms long silky
needles [94°], and although obtained from the
dextro- variety, rotâtes the plane of polarisation
to the left [o]D = —183'5° (Pesci).

By reducing agents this compound is con¬
verted into a base C,0H1B(NH2)o (209-214°), aid
by ammonia into nitrophellandrene C10H]SKO.
and an acid.

Phellandrene is easily changed by contactwith
hydrobromic acid into dipentene, and by boilin;
with alcoholic sulphurie acid it is converted into
terpinene.

8. Fenchene. A liquid isomeride of campk
(190-193°) ean be separated from oil of fennel,
and is called by Wallach fenclume. By reducing
this with sodium and alcohol, it yields the alto-
hol C10HlrOH as a eolourless crystalline com¬
pound, from which, by treatment with phos-
phorie chloride, the compound C10H„C1 ii
formed. Fenchene C,0H]fl (158-160°) is obtainel
by heating this chloride with aniline. Fencheneis
optically inactive : it differs from other terpenes

and chief derivatives.
— Pinene Limonene Sylvestrene Dipentene Terpinolene Terpinene Phellandrenej Fenchene

C10H16 . approx. b.p. 160° 175° 176° 175° 185-190° Ooco1—1 170° 158-160]
C,„H16HC1 . . m.p. 125° — — — — — — - ;

C,„Hle2HCl . m.p. 50° ' 50° 1 72° 50o1 50° 1 ? — _

Ci0H16Br4 . . m.p. liquid 105° 135° 125° 116° — — -

C10H16NOC1 . m.p. 103° 103° 106-107° 101-102° — — — -

C10H,6NO . . m.p. 129° 72° liquid 92-93° — — — -

C10H16N2O3. . m.p. 2 — — — — 155° 94°
1 Identical with dipentene hydrochloride.

in being unacted upon by cold nitrio acid. Yery
little is known of this hydrocarbon at présent.

Isoterpenes or Camphenes. When hydrogen
chloride gas is passed into dry turpentine oil,
kept cool, it is absorbed, and after a time the
liquid solidifies to a crystalline mass of mono-
hydrochloride C10H17C1 [125°] (210°). This com¬
pound has long been known, and was formerly
described as artificialeamphor. If thetnrpentineis
moist, orallowedto becomehot, a certain amount

of dipentene dihydrochloride is formed, al
this, with the monohydrochloride, forms aliqii
from which the monohydrochloride canbeori;
partially recovered by fractional distillation a
by eooling. The hydrochloride prepared to
dextropinene is dextrorotatory, that to
lsevopinene is lasvorotatory. This compounJj
remarkably stable, but may be décomposé! ;
heating with sodium stearate or benzoate,kits
potassium acetate, with alcoholic potash, or, itIRIS - LILLIAD - Université Lille 1
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coràmg to Wallach, best by a mixture of sodium
acetate and caustic soda with alcohol. The
resulting bydrocarbon is a camphene [51-52°]
(160°), dextro- or lœvo- rotatory, or inactive,
aceording to tbe nature of the hydrochloride used
and the reagent employed (Berthelot, C. R. 47,
2GC, and 55, 496, 644). The exact conditions
under which the active camphenes are formed
are scarcely known. The inactive compound
seems to be produced when a high température
is used. A camphene is also formed from bornyl
chloride (art. Camphoes, vol. i. p. 409) by the
action of alcoholic potash (Riban), by the action
of water and magnesia (Kachler, A. 197, 86), or
by heating with aniline to the boiling-point of
the latter (Wallach, A. 230, 234). Whether the
camphene from bornyl chloride is identical with
camphene from pinene is a point which is open
to further inquiry (Briihl, B. 25, 166). Cam¬
phene is also formed from camphor chloride
(vol.i.p. 411) and from pinene hydrochloride by
the action of sodium (Montgolfier, C. B. 87, 840) :

2C„H,S2HC1 + 4Na = 4NaCl + C,„H,6 + C]0EL.0.
In this last case it is accompanied by a liquid
hydrocarbon (170°) resembling a paraffin, and
possibly identical with a hydrocarbon obtained
by the action of concentrated hydrogen iodide
on turpentine (Berthelot), also by the action of
iodine (Armstrong a. Gaskell, B. 12b, 1756),
and by the action of sulphuric aeid on turpen¬
tine (Armstrong, B. 12b, 1759).

Camphene is also formed, together with other
products, by the action of strong sulphuric acid
on turpentine, and constitutes the chief ingré¬
dient in the liquid formerly known as ' terebene '
(Armstrong a. Tilden, C. J. 1879, 745).

Camphene, active or inactive, possesses a
characteristic camphoraceous smell, is soluble in
alcohol, and crystallises therefrom in leaflets.
It combines with hydrogen chloride to form a
chloride CI0H„C1 [157°], which is distinguished
from pinene hydrochloride by its inferior stability
(Eiban, C.B. 80,1330 ; Ehrhardt, C.N. 54, 239).

Camphene hydrochloride is saicl to be identi¬
cal with bornyl chloride (Kachler a. Spitzer,
A. 200, 340).

Camphene does not combine with bromine,
and is attacked by it only slowly, with formation
of.an oily monobroino- derivative (230-240°).
Camphene does not combine with nitrosyl
chloride. It is converted at about 300° into
liquid products which have not beeninvestigated.

IVhen oxidised by chromic acid, camphene
yields camphor, but, aceording to Marsh and
Gardner (C. J. 59, 649), when dilute nitric acid is
employed as the oxidant a tribasic acid, C10H14O6,
called by them camphoic acid, is produced.

Sesquiterpenes C15H24. Aceording to Glad¬
stone (C. J. 1872, 1), the oils of clove, calamus,
cascarilla, patchouli, and cubebs eontain a
hydrocarbon of this composition. A sesquiter-
pene bas also been found by Wallach (A. 238, 81)
in oils of galbanum and savine and in 'huile de
cade,' a kind of tar ruade by distillation of the
wood of Juniperus Oxycedrus. Aceording to the
latter chemist, the hydrocarbon obtained from
cade or cubebs possesses the following properties.
It unités with 2HC1, forming a compound which
crystallises from ether in large hemihedral rhom-
bic prisms [117-118°], the solution of which is
tevorotatory. Heated with aniline or with sodium

acetate the hydrocarbon is set free in a pure state
(274-275°) ; D - = "921. The hydrobromide
C15H2,2HBr melts at 124-125° ; the hydriodide
C]5H242HI at 105-106°, with partial décomposi¬
tion. The hydrocarbon, especially when partially
resinified by exposure to the air, gives the follow¬
ing characteristic colour reaction : Dissolved in
chloroform or glacial acetic acid, and ihen shaken
up with a few drops of strong sulphuric acid, the
liquid assumes an intense green and then blue
colour, which when heated passes into red.

An attempt to préparé from isoprene a poly-
meride of the composition C15H24 proved unsuc-
cessful (Wallach, l.c.).

Conimene, a hydrocarbon. C15H24 (264°), with
a pleasant odour, is obtained from the ineense-
resin (Icica heptaphylla) of British Guiana
(Stenhouse a. Groves, C. J. 1876, i. 175).

Polyterpenes C,0HS2 &c. The members of
this group may be divided into three classes,
viz. (1) Fluid constituents of certain essential
oils ; (2) caoutchouc and gutta percha ; and (3)
products of the polymérisation of terpenes.

1. Oleoresin,or so-called ' balsam' of copaiba
(Copaifera Langsdorffii and other species) is a
mixture of a resin with an oil which boils at

250-260°. The latter forms with water a

hydrate (C,0H32),iH2O, which has a peculiar blue •
colour. Tbe hydrocarbon absorbs hydrogen
chloride, with production of a deep-violet colour,
but no crystallisable hydrochloride.

A similar oil is obtained from Gurjun balsam
or wood oil, the product of various species of
Dipterocarpus growing in the East.

The least volatile portions of many essential
oils eontain a bydrocarbon of the same composi¬
tion.

2. Caoutchouc. V. India-rubber, vol. ii. 311.
For further information concerning the products
of its décomposition by heat v. Watts' Dic-
tionary of Chemistry (Morley a. Muir), art.
Pentylenes (vol. 3), and Dipcntmc (supra),
Gutta-percha, v. Watts' Dictionaey of Chemis¬
try, vol. ii. p. 658.

3. Colopliene is a viscid yellow fluid, often
strongly fluorescent, which begins to boil at
about 300°. It is produced by exposing oil of
turpentine or other terpenes to a température of
about 300° for some hours, or bythe action upon
them of concentrated sulphuric or phosphoric
acid, phosphoric anhydride, or boron fluoride, &c.
The name colopbene was given by Deville to
the less volatile portion of the product of the
action of sulphuric acid on Freneh turpentine,
apparently under the impression that it was
identical with the oil obtained by distillation of
resin. The latter, however, contains oxygen,
and exhibits totally différent properties.

Colopbene obtained by the action of strong
sulphuric acid on turpentine oil cannot be dis-
tilled without décomposition, even under reduced
pressure. The first portions of the distillate
eontain camphene and dipentene ; tbe boiling-
point then rises higher and higher, and even
when the température approaches that of dull
redness a residue is left, which on cooling becomes
nearly solid (Armstrong a. Tilden, C. J.
1879, 748). The portions passing over at 300°
and upwards appear to consist of saturated
compounds, for they absorb mere traces of
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hydrogen chloride. Riban bas obtained from tere-
benthene, by the action of antimony trichloride,
a solid to which be assigns tbe formula C40H64.
Tbis is decomposed by beat, and combines with
hydrogen chloride to form two compounds,

C40H24HC1 and C40H542HC1 (C. R. 79, 389).
Oxidised Compounds related to the Terpenes.

1. Borneol C1(lH17OH, v. vol. i. p. 409.
2. Camphor C10H16O, v. vol. i. p. 408.
3. Cineol C10H,sO, v. vol. i. p. 410.
4. Terpineol C,0H1JOH. Terpinol vas the

name given by List to the liquid obtained by
the action of dilute acids upon terpin hydrate,
but the statements of Wiggers (A. 1846, i. 251),
List (A. 1848,362), and Oppenheim (A. 1864,149)
regarding the composition and properties of this
substance are at variance with one another.

The analyses of Wiggers and List indicated
the formula CJEb^O, and List gave the b.p. 168°.
The faets are as follows : When crystallised
terpin is boiled up in a large quantity of water
and a small quantity, say 1 p.c., of hydroehloric
aeid is added, the crystals disappear and a tur-
bid fluid results, from wliich by distillation an
oily liquid, lighter than water and possess-
ing a peculiar fragrant odour, is obtained. When
the oil is dried by calcium chloride and distilled,
the whole cornes over, with the exception of a
few drops at first, between 205° and 215°. A
product of perfectly definite boiling-point is not
obtainable. Combustion leads to the formula
C10HlsO, and the vapour density found to be
63-8 and 623 in two experiments. The formula
C10H18O corresponds to a v.d. 77. The eompound
is therefore partly dissociated by heat into
C,0H]S and H20. Treated with sodium, terpineol
dissolves one atom of the métal ; and by contact
with excess of hydroehloric acid it becomes
coloured deep purple, but the colour disappears
and the whole is converted into dipentene hydro-
chloride C^H^CL (50°) ; when mixed gradually
with a nearly equal volume of sulphurie acid
diluted with half its bulk of water, very little
heat is evolved, but solution is complété, and on
adding to the mixture three or four volumes of
water a mass of crystallised terpin hydrate is
obtained. Terpineol is also quickly converted
into terpin hydrate by a mixture of nitrie acid
and alcohol (Tilden, C. J. 187S, 247 ; 1879, 287).

With carbanil it slowly reacts, forming a
crystalline mass of phenyl-terpinyl-metliane
NHC6H5.CO.OC10H]7 (Wallach, A. 230, 267).
Terpineol absorbs two atoms of bromine (Tilden,
C. J. 1888, 882), and it is, therefore, an un-
saturated monohydric alcohol C,„H17(OH), of
which the corresponding glycol is terpin
■^"ioHib(OH)2. By boiling with dilute sulphurie
acid terpineol splits into water and terpinene
(Wallach, A. 230, 266).

5. Terpin C10H1S(OH)2 and Terpin hydrate
This eompound is occasion-

ally found in old samples of turpentine oil con-
•taining a little water, and in furniture polish of
which turpentine is an ingrédient. It is easily
obtained by the action of a mixture of nitric
acid and alcohol upon turpentine oil (Wiggers,
A. 1846, 251). Hempel recommends (A. 180, 71)
4 parts oil of turpentine to 1 part of alcohol and
1 part of nitrie aeid. Tilden uses 2 5 measures
of turpentine to 1 volume of nitric acid previously

mixed with 1 volume of alcohol. In any case,
the mixture is shaken up at intervais till in the
course of àbout two days the smell of turpentine
has disappeared. The liquid is then pouredout
into shallow dishes, a little alcohol being added
occasionally as long as crystals are deposited
(Tilden, C. J. 33, 247). No crystals are formed
under the same circumstances from the limon-
enes, with the exception of dextrolimonene
from lemon oil (Tilden, C. J. 34, and Ph. [S] 9,
654). The eompound is always the same from
whatever source, the crystals agreeing in melt-
ing-point [116°-117°], crystalline form, and
optieal inactivity in alcoholic solution. The
crystals have been exatnined by List (A. 67,362),
by Rammelsberg (P. 63, 570), and by Maskelyne
(P. M. 1879, 132).

Exposed to hydrogen chloride gas the crystals
deliquesce, become purple, and finally give a
mass of the colourless dipentene dichloride
C1ÇH18C12 [50°]. Boiled with water slightly
aeidulated with hydroehloric or sulphurie acid
it yields terpineol. Boiled with moderately
strong sulphurie acid it yields a mixture of
dipentene, terpinene, and terpinolene. Terpin is
a saturated eompound ; it has no action upon
bromine water.

Action of heat upon the terpenes. When
ordinary turpentine oil is passed through a tube
heated to redness scarcely visible in the dark,
it yields a quantity of gas and various liquid
products, of which the most important are iso-
prene C5H8, dipentene C10H16, paracymene
C10Hi4, and colophene (CI0H16)„, with relativelj
small quantities of benzene, toluene, and me-
taxylene. At higher températures no isoprene
is obtained, but a larger quantity of gas, and
the most volatile liquid product is benzene,
which is accompanied by some of its homologues,
beside naphthalene, anthracene, &c. (Tilden,
C. J. 45, 410).

Limonene (from oil of limes) and dipentene
behave very much like turpentine.

Camphene yields other products which have
not been examined.

Optieal properties of the terpenes. The
spécifie rotatory powers of the several terpenes
have been already given ; v. also Wallach (A.
252, 141). l'or the spécifie refractive and dis-
persive powers of the essential oils and the
hydrocarbons contained in them the following
papers should be eonsulted : Gladstone, C. J.
17, 1 ; 25, 1 ; 49, 609 ; Briihl, Zeits. Phys.Chem.
1, 307; B. 21, 457; Wallach, A. 245, 191;
Briihl, B. 25, 142, 151, 547.

Chemical constitution of terpenes and tkir
immédiate derivatives. Many hypothèses have
been brought forward concerning the constitu¬
tion of these compounds, but they ail may he
referred to one or other of the two following
fundamentally distinct propositions. The ter¬
penes are either aromatic compounds having
the composition of hydrides of paracymene, 01
they consist of closed chains containing ethyl-
enic linlcages of carbon to carbon not of the
kind which has hitherto been assumed in
Kekulé's formula for benzene. As the question
is far from being settled, its discussion in détail
would not be profitable in this place. The
cymene hydride formula was proposed by Oppen¬
heim (B. 5, 94, 628) and supported by Kekulé
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(B. 6,438). Other formula hâve been proposed,
and the whole question discussed more recently
by Wallach (A. 239, 46 ; also especially B. 24,
1525), Tilden (C. J. 53, 879), and Collie (B. 25,
1108). W. A. T.

TERRA CATECHU. Syn. with Catechu (q. v.).
TERRA DI SIENNA. Baw Sienna v. Pig-

HEXTS.
TERRA FOLIATA TARTAEI. Potassium

acetate.
TERRA JAPONICA. Syn. with Catechu

(j. «.).
TERRA LEMNIA v. Lemnian eakth.

TERRA MIRACULOSA. An old name for
bole (q.v.).

TERRA MURIATICA. An obsolète name

for magnesia.
TERRA NOBILIS. Bergmann's name for

the diamond.
TERRA POHDEROSA. An old name for

baryta (q. v.).
TERRA CHE BRUCIA or Val d'Amo Supe-

riore Besin v. Resins.
TERRA UMBRA. Umber (q. v.).
TETANINE v. Vegeto-alkaloids.
TETRADYMITE v. Tellueium.
TETRAHEDRITE v. Fahl-ore.
TETRAHYDROXYBENZEEE v. Phénols.
TETRAIODOPYRROLINE v. Iodol.
TETRAMETHYLBENZENES v. Cymenes.
TETRAMETHYLSAFFRANINE v. Azines.
TETRATHIOSTC ACID v. Sulphur.
TETRYL or BT7TYL, a univalent radical

jielding four isomeric mono- derivatives :
(1) CH3.CH2.CH,.CH2X (normal) ;
(2) CH,.CH2.CHX.CH3 (secondary) ;
(3) (CH3)2:CH.CH2X (iso-) ;
(4) (CH3)3CX (tertiary).

Teteyl Compounds.

Tetryl alcohol. Bulyl alcohol C4H9OH. AU
the four possible bodies corresponding to this
formula are known.

1. Normal tetryl alcohol. Propyl car-
binol CH3.CH2.CH2.CH,OH ; b.p. 116° at 740
mm. (Liebeu a. Rossi, Â. 158, 137), 117'5° (cor.)
(Zander, A. 224, 80), 116'88° (cor.) (Briihl, A.
203, 16) ; critical temp. 287-1° (Paivlewsky, B.
10, 2634) ; sp.gr. -=•8239, —='8109,

-=•7994, — = -77 38 , = -8099 (B.) ; =

•72695 (Schiff, A. 220, 101). Yol. at f° (at
0° = 1) = 1 + -03809 2f + -05284t2 - -0s116t3 (Z.)

=1-4040; R*, =35-45 (B.). Occurs in the
heavy oil of Cognac brandy to the extent of 49
p.c. Is not formed in the fermentation of sugar
produced by elliptical yeast (Claudon a. Morin,
C. J. 52, 714). Is produced by the action of
sodium-amalgam upon butyryl chloride and
butyric acid (Saytzen, Z. 1870,108; Linnemann,
1101,178). Also by the fermentation of gly-
cerin by Schizomycetes and certain other baeteria
in presence of calcium carbonate and various
foodstuffs, e.g. ammonium tartrate ; the yield
amounts to 9 p.c. of the glycerin used. Butyric
acid and a little ethyl-alcohol are also formed
(Fitz, B. 9,1348 ; Vigna, B. 16, 1348). Is also
produced by the action of nascent hydrogen
(iron and acetic acid) upon butenyl alcohol
(Lieben a. Zeisel, M. 1, 825, 842).

Properties.—Colourless liquid, soluble in 12
parts of water, from vhich solution it can be
separated by means of calcium chloride. Soiuble
in concentrated hydrochloric acid ; is readily
oxidised to butyric acid. Fused zinc chloride
abstracts water, and yields /3-tetrylene and
smaller amounts of normal tetrylene (Le Bel
a. Greene, Am. 2, 24).

2. Iso-tetryl alcohol. Isopropyl earbinol
(CH3),:CH.CH2OH ; b.p. 106-6-106-80 at
763-2° mm. (Schiff, A. 220, 102), 108-4° (Linne¬
mann, A. 160, 238), 108-5° at 766 mm. (Thomsen,
Th. 4, 162), 107-6°-108-3° (cor.) (Perkin, C. J.
45, 421) ; sp.gr.^= -7265 (S.) ; - = -8168 (L.) ;

^ = •8069; |?=-8008 (P.). Sp. beat = -686 ; of
a mixture of 1 mol. C,II100 + 50 mois. H .O —

1-086, 1 mol. C4H,„0 + 70 H20 = 1-067 (Pag-
liani, N. Cim. [3] 12, 229 [1883]). H.F.p. =
71,150; H.F.v. = 68,540 (Thomsen, Th. 4, 162).
M.M. = 4-936 at 17-7° (P.); R„= 35-41; w =
1-4007. Capillarity constant at b.p. a- = 4-416
(Schiff, A. 223, 70). Vap. pressure :

At 14-75°= 5-8 mm.

„ 30-85° = 17-7 „

„ 50-45° = 55-5 „

„ 60-4° =94-1 „

At 70-7° = 160-1 mm.

„ 80-0° = 246-0 „

„ 91-0° = 395-2 „

„ 99-9° = 570-3 „

(Konovalow, P. [2] 14, 42) (v. also Naccari a.
Pagliani, J. 1882, 63). Sp.gr. of aqueous solu¬
tions (Duclaux, A. Ch. [5] 13, 91) ;
Percentage of alco-]

hol (by vol.) j 0 10

Sp.gr. of aqueous
solution at 15° •9950, -9930, -9915, -9875

Occurs in fusel oil from potatoes and beet
(Wurtz, A. Ch. [3] 42, 129), and combined with
angelic and isobutyi'ic acids in Boman oil of
cbamomile (Kôbig, A. 195, 96).

Préparation.—By the action of sodium-
amalgam and water upon j3-chlor-isobutyl alcohol,
which results from the action of hypochlorous
acid upon isobutylene (Butlerow, A. 144, 24).
Is formed in small quantity by the action of
elliptical yeast upon sugar or glycerin (Claudon
a. Morin, C. J. 52, 714).

Properties.—Colourless liquid, soluble in
10-5 parts of water, from which calcium chloride
causes it to separate. Smells like fusel oil.
Is oxidised bychromic acid into isobutyric acid,
acetic acid, carbon dioxide, acetone, and other
products (Kramer, B. 7, 252). Zinc-dust yields
water and isobutylene (Jahn, B. 13, 989). For
combinations and derivatives v. Gladstone a.

Tribe, C. J. 39, 6; Pierre a. Puchot, A. 163,
274, and Heindl, M. 2, 208.

3. Secondary tetryl alcohol. Methyl
ethyl earbinol, butylene hydrate, gA>CHOH ;
b.p. 99° at 738-8mm. (Lieben, A. 150,114) ; sp.gr.
- = •827, — = -810 (L.).

Formed by the action of water upon the
compound of zinc-ethyl and aldehyde :

CH3CH(C2H5)O.Zn(C2H5),
thus

CH3Cn(C.,H,) O.ZnCJL + H20 =
C4H0OH + ZnO + C2H(,

(Wagner, A. 181, 261). Also "by acting upon
secondary tetryl iodide with silver acetate and
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saponifying tlie resulting aeetate by means o£
potash (Luynes, A. 125, 252 ; 128, 330 ; 128,
274). Normal tetryl alcohol may be clianged
into tlie secondary alcohol ; the normal iodide
is heated with potash, and the normal bntylene
so obtained on treatment with hydriodie acid
yields secondary tetryl iodide (Saytzen, Z.
1870, 327).

Propertics.—Liquid, with strong odour ; upon
oxidation yields a ketone C2H5.CO.CH3 (b-P- =

80°), and acetic acid (Saytzen). Heated with
a trace of hydrochloric, hydrobromic, or hydri¬
odie acid, in a sealed tube, to 240°, yields C4H8
(pseudo-butylene).

4. Tertiary tetryl alcohol. Trimethyl
carbinol (CH,)3C.OH. A solid ; m.p. 25° ; b.p.
82-94° (cor.) (Linnemann, A. 162, 26) ; 81-5-82°
(Perlcin, C. J. 45, 421). Sp.gr. — = -7792

fL.); S0-O = -7788 (Butlerow, A. 162, 229);
90° 2fi°

= -7864 ; ^ = -7802 (Briihl, A. 203, 17);

|^ = -7836; ||° = *7761 (P.); M.M. at 24-3° =
5-122 (P.) ; M0 = 1-3924 ; Rœ = 35-53 ; H.C. (solid)
= 632818 cal. (Lnginin, A. Ch. [5] 25, 142);
H.C. (vapour) = 643,500 (Thomsen, Th. 4, 163) ;
H.F.p. = 88,300 ; H.F.v. = 85,690 (T.) ; crit. temp.
= 234-9° (Pawlewski, B. 16, 2634).

Formed from isobutyl iodide by treatment
with acetic acid and silver oxide (Linnemann ;
Butlerow, A. 168, 143) ; also from isobutylamine
by treatment with nitrous acid and from isobutyl
carbimide CO.N.C4H„, by action of potash
(Linnemann, A. 162, 12). Can be prepared by
allowing 20 grms. of tertiary tetryl iodide and
50 grms. of water to stand in contact for two or
three days (Dobbin, C. J. 37, 238).

Isobutyl alcohol heated with exeess of hydro¬
chloric acid yields a mixture of secondary and
tertiary tetryl clilorides, and when heated with
six volumes of water only the latter is deeom-
posed, yielding the alcohol and hydrochloric
acid (Freund, J. pr. [2] 12, 25).

Propertics.—Forms rhombicplates or prisms.
Unités with water to form a liquid hydrate
2C4H10O.R,O (b.p. 80°, sp.gr. - =■-8276) (Butle¬
row, A. 162, 229). On oxidation yields acetone,
carbon dioxide, acetic acid, and a small quantity
of isobutyric acid (Butlerow, Z. 1871, 485).
In sunlight it combines with chlorine, forming
tertiary tetryl chloride and other bodies
(D'Otreppe, J. 1881, 512).

Tertiary butyl alcohol has a slightly narcotic
action when taken internally, and is found in
the urine in combination with glycuronic acid
(Thierfelder a. v. Mering, H. 9, 511).

Tetryl bromides. Butyl bromides C4H9Br.
1. Normal tetryl bromide

CH,.CH2.CH.,.CH2Br ;

b.p. 100-4° at 744 mm. (Lieben a. Rossi, A.
158, 161) ; 99-9° (cor.) (Linnemann, A. 161,
193). Sp.gr. - = 1-3050; —=1-2792; — =

1-2571 (L. a. B.); -=1-305; - =1-299 (L.).
Formed from normal tetryl alcohol and

hydrobromic acid (L. a. B.).
By the action of bromine, dibromtetrane

CjHsBr„ (b.p. 166°) is formed (L.).

2. Isotetryl bromide (CH3)2CH.CH,Br;
b.p. 92-3° (cor.) (Linnemann, A. 162, 34) ; 91-3°
(Perkin, C. J. 45, 459); sp.gr. — = 1-2038 (L.),

j}° = 1-2722; J®° = 1-2598 (P.). Capillarity con¬
stant at b.p. ai- = 3-103; M.V. = 118-39 (Schifif, G.
14,368); M.M. = 8-003 at 16-2° (P.). From isobutyl
alcohol, bromine, and phosphorus (Wurtz, A.93,
114). Unités with bromine at 150° to form
C4H;Br3 (L.).

3. Tertiary tetryl bromide (CH3)3CBr;
b.p. 72° at 761-5 mm.; 70-5-72-5° (Perkin);sp.gr.
— = 1-215; Jj£ = 1-2020; ||° = 1-1892 ; M.M.-
8-238 at 17-8° (P.). Formed when isobutyl
bromide is heated to 240° (Eltekow, B. 8,1211).
Also from trimethyl carbinol and phospkorous
bromide (Beboul, J. 1881, 409). May also be
prepared by leading isobutylene into a solution
of hydrobromic acid of sp.gr. 1-7 (Roozeboom, B.
14, 2396). Is readily decomposed at 300° into
isobutylene and hydrobromic acid. Water, m
the cold, forms the alcohol.

Tetryl chlorides. Butyl chlorides C,H,C1.
1. Normal tetryl chloride

CH1.CH2.CH2.CH.,C1 ;

b.p. = 77'6° at 741-3 mm. (Lieben a. Hossi, A.
158, 161) ; 77*96° (cor.) (Linnemann, A. 161,
197); sp.gr.- = -9074; 2- = -8874 (L. a. B.):
— = -9074 (L.) ; — = -8974. Formed by the ac-
tion of chlorine upon n-tetrane (Pelouze a.
Cahours, J. 1863, 524). More easily by the
action of hydrochloric acid upon n-tetryl
alcohol (Lieben a. Rossi).

2. Isotetryl chloride (CH3)2CH.CHjG1;
b.p. = 68*5° (Linnemann, A. 162, 17) ; 68'549:
(Perkin, C. J. 45, 421). Sp.gr. -=-8798 (L);
— = ■8953 ; — = -8651; - = -8281 (Pierre,

15° 9S0
Puchot, A. 163, 276); =-8835; |s='8ï39
(P.). M.M. at 21-3° = 6-144 (Perkin). Capillarity
const. at b.p. a2 = 4-127; M.V. = 114-26 (SchiU,
G. 14, 368); H.F.v. = 43,050 (Thomsen, Th. 4,
281). Formed by the action of hydrochloric
acid or of PC15 upon the alcohol (Wurtz, A. 95,
113). By the action of chlorine C4H4C1, is pra-
duced.

3. Tertiary tetryl chloride (CHj),CCI:
b.p. = 50-51° (Butlerow, J. 1864, 497; A. 111,
33), 51-52° (Perkin, C. J. 45, 421). Sp.gr. -=

•8658 (Puchot), ||° = -8471 ; ||° = -8368; M.M.at
15° = -6-257 (Perkin).

Formed (1) by the chlorination of tertiary
tetrane (Butlerow) ; (2) by the action of iodine
monocblorideupon isotetryl iodide (Linnemann,
A. 162, 18) ; (3) by the action of hydrochloric
acid upon isobutylene at 100° (Zalessky.Bô.
480 ; Le Bel, Bl. 28, 462) ; (4) by tlie action of
phosphorus pentachloride upon the alcohol.

Heated with five or six vols, of water to 100*
the alcohol is produced (Butlerow, A. 144,531
Chlorine in ditïused daylight forms C,H,CL
(b.p. 106-107°), C4H7C1S and C4HSC1.„ whilstm
direct sunlight C,H4C16 (b.p. in partial vacunm
about 115°), and other products are formel
(D'Ottreppe, J. 1882, 461).
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Tetryl cyanates. Only the iso-cyanates have
bcen described.

1. Isotetryl isocyanate
(OH8)2CH.CH2.N.CO.

Isobutyl carbimide ; b.p. 110° by the distillation
of isotetryl iodide with silver cyanate and sand
(Brauner, B. 12, 1877).

2. Tertiary tetryl isocyanate
(CH3)3C.NCO ;

0°
b.p.85-5° (cor.). Sp.gr. — = -8676;remainsliquid
at -25°. Is formed, together with other bodies,
vhen silver cyanate acts upon isotetryl iodide
(Brauner, B. 12, 1874). By the action of potash
or of hydrochlorie acid we get tertiary tetryl-
amine (CH3)3C.NH2.

Tetryl cyanides. Valeronitriles C4HSCN.
1. Normal tetryl cyanide

CH3.CH2.CH2.CH2CN ;

b.p. 140-4° at 739-3 mm. Sp.gr.-=-8164
(Lieben a. Rossi, A. 158, 171).

2. Isotetryl cyanide (CH3)2.CH.CH2.CN ;
b.p. 126-128° at 714 mm. (Erlenmeyer a. Hell,
A. 160,206), 129-3-129-5° at 764-3° (R. Schiff, B.
19,567). Sp.gr.- = -8227, —=-8069 (E. a. H.),

^=•6921 (S.). Formed by the oxidation of
gelatine(Schlieper, A. 59,15) or caseine (Gunckel-
berger, A. 64, 76) with chromic acid ; also
by the action of P203 upon ammonium isovaler-
ate (Dumas, Malaguti, a. Leblanc, A. 64, 334).
May be prepared by heating 300 grms. isobutyl-
iodide, 98 grms. of potassium cyanide, 98 grms.
of alcohol, and 25 grms. of water for three days
on the water-bath (E. a. H.).

3. Tertiary tetryl cyanide (CH3).C.CN ;
m.p. 15-16°; b.p. 105-106°. Formed by mixing
100 parts of tertiary tetryl iodide, 110 parts of
mercury potassium cyanide Hg(CN)2.2KCN with
75 parts of dry magnesia, and allowing the mix¬
ture to remain for two or three days at a tempéra¬
ture not exceeding 5°. The mass is then treated
with water, and distilled on the paraffin-bath
(Butlerow, A. 170,154).

Tetryl hydrides. Tetranes, butanes.
1. Normal tetrane, ?i-butane, diethyl,

methyl propane CH3.CH2.CH2.CH3 ; b.p. 1° (But-
0°

lerow, Z. 1867, 363). Sp.gr. - = -60 (Ronalds,
C. J. 18, 54). Y.D. = 2-046. Oecurs in crude
petroleum (Ronalds, Lefebvre, Z. 1869, 185).
Formed by heating ethyl iodide with zinc to
150° (Frankland, A. 71, 173 ; Schoyen, A. 130,
233). Also by the action of sodium-amalgam
upon ethyl iodide (Lôwig, J. 1860, 397). A
colourless gas, insoluble in water. 1 vol. of
alcohol at 14-2° and 744-8 mm. absorbs 18-13
vols, of butane (Frankland).

2. Isotetrane. Isobutane, trimethylme-
thane (CH3)3CH ; b.p. = -17°. H.F.p. -42,450.
H.F.v. =40,130 (Thomsen, Th. 4,54). Formed by
heating -9 part of isobutyl iodide with 2-4 parts
of aluminium chloride to 120° (Kôhnlein, B. 16,
562). Also by the action of zinc and water upon
tertiary butyl iodide (Butlerow, A. 144, 10). The
gas is readily soluble in alcohol, from which it
can be expelled by dilution with water.

Tetryl iodides. Butyl iodides C4H9I.
1. Normal tetryl iodide

CH3.CH2.CH2.CH2I ;

b.p. 129-6° at 738-2° mm. (Lieben a. Rossi, A.
158, 163) ; 129'8° (cor.) (Linnemann, A. 161,
196) ; 130-4-131-4° at 745-4 mm. (Bruhl, A. 203,
21). Sp.gr. 2!= 1-643, 2— =1-6136 (L. a. R.),

= 1-6166 (Briihl). From M-tetryl alcohol and
hydriodic acid (Linnemann, A. 161, 196). By
the action of iodine trichloride at 250° it yields
perchlorethane C2C16 (Krafft, B. 10, 805).

2. Isotetryl iodide (CH3)2.CH.CH2I; b.p.
120-0° (cor.) (Linnemann, A. 160, 240; 192, 69),
119-4-120-4° at 745-4 mm. (Briihl, A. 203, 21),
83-83-25° at 250 mm. (Perkin, C. J. 45, 421).
Sp.gr. - =1-6401 (L.), 2-^° = 1-6056 (Briihl),
— 1-6138, ^ = 1*6007 (P.). M.M. at 19-4°
= 12-199 (P.). Capillarity const. a2 = 2-533 ; S.V.
= 128-25 (Schiff, G. 14, 368). From isobutyl
alcohol, phosphorus, and iodine (Wurtz, A. 93,
116).

3. Secondary tetryl iodide
C2H5.CHI.CH3;

b.p. 117-118° (Luynes, Bl. 2, 3), 119-120°
(Lieben, A. 150, 96). Sp.gr. ^ = 1-6263, ~
= 1-5952, ^ = 1-5787 (Lieben), = 1-632, — =
1-604 (Luynes). Formed by distilling erythrite
with hydriodic acid (Luynes) or from ra-butylene
and hydriodic acid (Wurtz, A. 152, 23).

4. Tertiary tetryl iodide (CHS)3CI ; b.p.
(with decom.) = 98-99° (ButlerowJ ; 100-3° (Pu-
chot, A. Ch. [5] 28, 546). Sp.gr. = 1-571, =

1-479 (P.). From tertiary tetryl alcohol and
hydriodic acid or isobutylene and hydriodic acid
(Butlerow, A. 144, 5, 122) ; is easily decomposed
(by silver oxide, potash, or by heating with zinc
and water), into hydriodic acid and isotetrylene
(Butlerow, Z. 1867, 362). Is also decomposed by
water in the cold yielding hydriodic acid and
tertiary tetryl alcohol. On heating with sodium
yields a mixture of hydrogen, isotetrylene, and
isotritetrylene (C12H24) (Dobbin, C. J. 37, 236).

Tetryl mercaptans C4H3.SH.
1. Normal tetryl mercaptan

CH3.CH2.CH2.CH2.SH
0°

b.p. 97-98°: sp.gr. —=-858 (Saytzen a. Gra-
bowsky, A. 171, 251 ; 175, 351).

2. Isotetryl mercaptan
(CH3)2CH.CH2SH ;

H.5O

b.p. 88° ; sp.gr. =-848(Humann, A.95,256),
|£ =-83573 (Nasini, B. 15, 2882).

3. Secondary tetryl mercaptan
(CH3)3CH.SH;

17°
b.p. 84-85° ; sp.gr. — = -8299. The mercury
compound (C4HsS)2Hg melts at 189° (Reymann,
B. 7, 1287).

Tetryl nitrate.
Isotetryl nitrate CH3.CH2.CH2.CH2.N03;

b.p. 123°; sp.gr.—=1-0384, M.M. at 8-9° = 5-18
(P.); mol. refraction = 46-72 (P.); b.p. 123-5-
124-5° (Perkin, C. J. 55, 684); ~ = 1-0334,

^ = 1-0264, ||° = 1-0124 (P.). From silver
nitrate, urea, and isobutyl iodide (Wurtz, A. 93
120 ; Chapman a. Smith, Z. 1869, 433).
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Tetryl nitrites C4II„N02.
1. Isotetryl nitrite (CH3)2CHCH2N02;

b.p. 67° (Chapman a. Smith, Z. 1869, 433), 67'3-
67'5° (cor.) at 755 mm. (Thomsen, Th. 4, 217).
Sp.gr. ~= -89445 (C. a. S.); ^ = -8878,
= •8806, ^='8752, = -8702, ||! = -8652. M.M.
at 8-2° = 5-51 ; mol. refraction = 43-9 (Perkin, C. J.
55,686 and 757) ; H.F.p. = 47,800; H.F.v. = 44,900
(Thomsen, Th. 4,218). Sp.gr. ^ = -876, b.p. 67°.
Prepared by mixing isobutyl alcohol and sul-
phuric acid. On cooling, the mixture is poured
gradually into an aqueous solution of sodium
nitrite (1:3); the upper layer, eonsisting of iso¬
tetryl nitrite, is decanted, washed with potassium
carbonate solution, and dried. It is a pale-yellow
liquid, is apt to become acid by keeping, and
then rapid décomposition sets in. Taken medi-
cinally, lowers the blood pressure and produees
respiratory paralysis (Dunstan a. Wooley, Ph.
[3] 19, 487),

2. Tertiary tetryl nitrite (CH3).CH.N02;
b.p. 63°; sp.gr.— = -8914 (Bertoni, G. 15, 351),
67-68° (Tscherniak, A. 180, 155). From the
alcohol and glyceryl nitrite (B.) ; also from the
iodide and silver nitrite (T.). A yellow, mobile
liquid; soluble in alcohol, ether, and chloro-
form ; sparingly soluble in water.

Tetryl oxides (C4Hs)20.
1. Normal tetryl oxide; b.p. 140-5° at

741-5 mm. (Lieben a. Bossi, A. 165, 110) ; 141°
(Beboul,C.E. 108,39). Sp.gr.- = -784,—=-7685
(L. a. B.). By the action of the sodium deri-
vatives of the alcohol upon sa-butyl bromide (B.).

2. Isotetryl oxide [(CH3)2CH.CH2]20; b.p.
100-104° (Wurtz, A. Ch. [3] 42,153) ; 122-122-5°
(Reboul, C. B. 108, 162). Sp.gr. — = -7616 (B.).
From isotetryl iodide and sodium isotetrylate
(B.). The action of isotetryl iodide upon potas¬
sium isotetrylate—which, according to Wurtz,
yields this oxide—really gives a mixture of iso-
ditetrylene and isotetryl alcohol (Beboul).

3. Secondary tetryl oxide
[C2H5CH(CH3)]20 ;

b.p. 120-121°; sp.gr. — = -756 (Kessel, A. 175,
50). From ethylidene chlorhydrin, and zinc-
ethyl (K.). Found in mere traces only by the
action of sec-tetryl bromide upon the sodium
derivative of the secondary alcohol (Beboul, C. B.
108, 162). Beboul obtained also the following
mixed ethers :—

Secondary tetryl isotetryl ether; b.p. 121-
122°; sp.gr.— = -7652;

Tertiary tetryl isotetryl ether ;
Normal tetryl isotetryl ether ; h.p. 131-5° ;

sp.gr.— = -763;
Normal tetryl secondary tetryl ether; b.p.

131°; sp.gr. —° = -7687 ;
Normal tetryl tertiary tetryl ether; b.p. 124°;

but could not obtain the secondary tertiary and
the di-tertiary ethers.

Tetryl sulphides.
1. Normal tetryl sulphide

[CH3(CH2)3]2S ;

b.p. 182° ; sp.gr. — = -8523 (Saytzen, A. 171,
253). From tetryl iodide and potassium sulphide.

Nitric acid yields the sulphone (C4H9)sS02 (m.p,
43-5°) (Grabowsky, A. 175, 348).

2. Isotetryl sulphide [(CH3)2CH.CH;,S;
b.p. 172-173° at 747 mm. (Grabowsky a. Saytzen,
A. 171, 254), 170-5° at 752 mm. (Beckmam,
J. pr. [2] 17, 445) ; sp.gr. — = -8363 (B.).

Isotetryl disulphide (C4H8)„S2; b.p.2ï
(Spring a. Legros, B. 15, 1940).

3. Secondary tetryl sulphide
(CH3.CH.C2H5)2S ;

b.p. 165° ; sp.gr. — = -8317 (Reymann, B. 1,
1288).

Tetryl thiocarbimides. Butyl mustard oils;
isothiocyanates.

1. Normal tetryl tliiocarbimide
(C4H„)NCS;

b.p. 167° (Hofmann, B. 7, 512). From tetijl
aminé, carbon disulphide, and alcohol (H.).

2. Isotetryl tliiocarbimide
(CH3)2CH.CH2.NCS ;

b.p. 162° ; sp.gr. — = -9638 (Hofmann, B. 7,511).
3. Secondary tetryl tliiocarbimide

C2H5.CH(CH3)NCS ;
12°

b.p. 159-5° ; sp.gr. — = -944. Occurs in lit
ethereal oil from spoon wort (Cochlearia ojjiii-
nalis (Hofmann, B. 2, 102; 7, 512).

4. Tertiary tetryl thiocarbimide
(CH3)3C.NCS ;

m.p. 10-5°; b.p. = 140° at 770-3 mm.; sp.gr.
— = ■9187, = -9003 (Budnew, J. B. 11, IIS).
Has a pleasant aromatic odour.

Tetkïlamines.

1. Monotetrylamines.
(a) Normal tetrylamine

CH3.CH2.CH2.CH2.NH2 ;
b.p. 75-5° at 740 mm. (Lieben a. Bossi, Ali!,
172); sp.gr. - = -7553, ?^ = -7333 (L. and B.),
— = -7401 (Linnemann a. Zotta, A. 162,3).
Formed by the action of caustic potash upon
tetryl cyanate (Lieben a. Bossi) ; also from
propyl cyanide by zinc and sulphuric acid (Lia-
nermann a. Zotta), or from nitrotetrane Ij
action of tin and hydrochloric acid (Ziibhn,B.
10, 2083). Is miscible with water; reduce;
copper, silver, and mereury solutions in présente
of alkalis. The chloride forms a yellow crystal-
line compound with PtCl4, which is almost inso¬
luble in cold water.

(b) Iso-tetrylamine (CH3)2CH.CH,.NE;
b.p. 68° (Sehifi, B. 19, 565), 65-5° (Hughesi
Borner, B. 7, 511), 68-69° (Perkin, C. J.55,694);

15° 4°

sp.gr. ■—=-7357 (Linnemann, A. 162, 23),-,=
•7464, ^ = -7408, = "7363, -f° = -7283 ; M.M.
at 15-3° = 5-692 (P.). H.F.p. = 38,460. H.F.v.=
35,560. H.C. = 726,990 (Thomsen, Th. 4,141
From isotetryl cyanate and potash (Linnemani,
A. 162, 23) ; also from isotetryl iodide and as-
monia (Hughes a. Borner) ; also from isotetryl
chloride and ammonia dissolved in water or iso¬
tetryl alcohol. Ail three isotetrylamines an
produced, the tri-isotetrylamine in largest quai-
tity. The bases can then be separated by meae
of ethyl oxalate. The product is first separatei
into two fractions, the one rich in the mono-

isotetrylamine, the other rich in the di- ani
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tri- compounds. To the fomier water and then
ethyl oxalate are added; the primary base is
thns converted into the oxamide C202(NHG4H9)2,
which is almost insoluble in boiling water, the
secondary aminé being ehanged into ethyl oxam-
ate C2H50.C2O?.N(C,,H9)2. The other traction
(anhydrous) being poured into ethyl oxalate, the
primary and secondary bases are converted into
oxamates. The tertiary base is distilled off, and
the oxamates are saponified by heating witli
slaked lime. The calcium oxamates can be sepa-
rated by crystallisation, the diisotetryloxamate
being the more soluble in alcohol, from which it
separates in slender silky needles (Malbot, C. R.
104, 228).

Can be produced by heating isotetryl alcohol
with ammoniacal zinc chloride to 260° (Merz
a. Gasiorowski, B. 17, 624), or by the action of
caastic polash (10 p.c. solution) upon a mixture
of bromine and isovaleramide (equal molécules)
at 60° (Hofmann, B. 15, 769).

Uixed with water contraction and develop-
ment of heat are produced. A mixture of equal
volumes of water and isotetrylamine has a sp.gr.
15°
jp of '9002, instead of the average density -8681
(Perkin, C. J. 55, 695). With absolute alcohol
and the aminé similar results were obtained, the

15°
sp.gr. of a mixture of equal volumes being jjs =
•791, instead of '7652, the calculated number.

(c) Secondary tetrylamine
CjHj.CHNHj.CHa;

b.p. 63°. Formed by the action of potash upon
secondary tetryl cyanate, or of ammonia upon
secondary tetryl iodide (Hofmann, B. 7, 513).
Also by the action of dilute sulphuric acid upon
secondary tetryl mustard oil (Beymann, B. 7,
1289).

(d) Tertiary tetrylamine (CH3)SC.NH2);
b.p. 45'2°at760mm. (Budnew, B. 11,163); sp.gr.
-=■7137 ; - = -7054 ; — = -6931 (R.). Formed
in small quantity by the action of potash upon
isotetryl cyanate (Linnemann, A. 162, 19;
Hofmann, B. 7, 513). Also as a by-product in
preparing tri-methyl acetic acid from trimethyl
carbinol iodide and mercuric cyanide (Budnew).

2. Ditetryl-amines.
(a) Di-normal tetryl aminé

(CH3.CH2.CH2.CH2)2RH ;
b.p. 160°. Formed in small quantities by the
action of potash upon butyl cyanate (Lieben a.
Kossi, A. 158, 175) [(C.H^NH.HCl^PtCl, ; long
yellow needles, almost insoluble in cold water.

(S) Di-iso-tetrylamine
[(C.H3)2CH.CHJ2NH;

b.p. 135-137°. From isotetryl bromide and
alcoholic ammonia at 150° (Ladenburg, B. 12,
949) ; also from isotetryl alcohol and ammoniacal
zinc chloride at 270° (Merz a. Gasiorowski, B.
17, 627). The hydroehlorate (C4HÇ)2NH.HC1forms plates or leafiets easily soluble in alcohol
and water, slightly in ether. The platinum com-
pound forms dark-red prisms, soluble in water,
alcohol, and ether (Malbot, C. R. 104, 366). The
nitroso- derivative (C4H9)2N.iSIO is a disagreeably
smelling oil ; m.p. 0°; b.p. 213-216° (with décom¬
position) obtained by the action of potassium
nitrite upon the hydrochlorate (Ladenburg, B.
12,949).

(c) Di-tertiary tetrylamine
[(CH3)3C]2NH;

produced as iodide when tertiary tetryl iodide
and tertiary tetrylamine are heated to 50°, at
70° the mixture is decomposed, forming iso-
tetrylene and tertiary tetrylamine hydroiodide
(Budnew, J. B. 11, 174). The hydroiodide is
easily soluble in water or alcohol on heating ;
the aqueous solution evolves tertiary tetryl¬
amine.

3. Tri-tetrylamines.
(a)Tri-normal tetrylamine{GfL^^\ b.p.

211-215° at 740 mm. ; sp.gr. - = -791, 2- = '7782,
40°
— = *7677. From tetryl cyanate and potash,
together with the mono- and di- compounds
(Lieben a. Bossi, A. 165, 115). With tetryl
iodide forms iodide of tetratetrylammonium
N (C4H9)4I, which crystallises in small plates
(L. a. B.).

(b) Tri-iso-tetrylamine (C4H8)3]S[ ; b.p.
177-180° (Beimer, B. 3, 757); 184-186°
(Sachtleben, B. 11, 733). Sp.gr.— =-785 (S.).
From di-iso-tetrylamine and isotetryl bromide
(B.). From the alcohol and ammoniacal zinc
chloride at 270° (Merz a. Gasiorowski, B. 17,
627) ; also from isotetryl iodide and aqueous
ammonia at 160° (Malbot, C. R. 105, 574). Is
not miscible with water. Forms salts with
hydrochloric, nitric, and sulphuric acids, which
are extremely soluble and erystallise with diffi-
culty. The platinum double sait forms large
ruby red crystals (Malbot, C. B. 104, 366).

Tetrylene C4HS. Three isomeric bodies
are possible and are known.

1. Normal (a)-tetrylene. Butylene,ethyl
ethylene, CH3.CH,.CH:CH2 ; b.p. -5°.

Formation.—From normal tetryl iodide and
alcoholic potash (Saytzen, J. pr. [2] 3, 88 ;
Grabowsky a. Saytzen, A. 179, 330). From
bromethylene andzinc-ethyl (Wurtz, A. 152,21).
From normal tetrylamine and nitrous acid
(v. Meyer, B. 10, 136). Prepared by digesting
on the water-bath 100 grms. normal tetryl iodide,
200 grms. potash, and 150 grms. of alcohol (90
p.c.) (S.). A gas at ordinary températures, which
combines readily with hydriodio acid to form
secondary tetryl iodide, and with hypochlorous
acid, forming chloro-methyl-ethyl carbinol

CH3.CH2.CH(OH).CH2Cl ;
2. p-tetrylene. Pseudotetrylene; symmetri-

cal dimethylethylene CH3.CH:CH.CH3 ; b.p. 1°
at 741-4 mm. (Lieben, A. 150,108) ; ri?^= -635
(Puchot, Bl. 30, 188).

Formed by the action of potash upon
secondary tetryl iodide (Luynes, A. 129, 200 ;
Lieben, A. 150,108). Together with isotetrylene
by dropping iso- or normal tetryl alcohol upon
strongly-heated zinc chloride (Nevole, Bl. 24,
122 ; Le Bel a. Greene, Am. 2, 23). From
trithioaldehyde (C2H4S)s and copper (Eltekow,
B. 10, 1904). By heating a mixture of methyl
iodide and allyl iodide with sodium (Wurtz, A.
144, 235).

Préparation.—Isotetryl alcohol is allowed to
drop upon heated zinc chloride and the evolved
gas is led into sulphuric acid diluted with half
its volume of water ; this retains the isotetrylene.
The unabsorbed gas is led into bromine, and is
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again liberated by action of sodium (Le Bel a.
Greene, Bl. 29, 306).

0-tetrylene combines with bromine to form
a dibromide boiling at 156-158°. This body, by
the action of potash, forms mono-bromo-pseudo-
tetrylene CH3CBr:CH.CH3; b.p. 87-88° (Hôlz,
A. 250, 230). Chlorine fonns a di-chloride, b.p.
112-114° (Checboukow, BI. 43, 127).

3. 7-tetrylene. Iso-tetrylene, unsymmetrical
dimethyl ethylene (CH3)2C : CH2 ; b.p. — 6°
(Butlerow, Z. 1870, 236) ; absolute b.p. = 150'7°
(Nadesehin, B. 15 [2]27) ; H.F.p. = 10,660. H.F.v.

= 8,920 ; H.C. = 650,620 (Thomsen, Th. 4, 70).
Liquefied by a pressure of 2-2§ atmosphères at
15-18°. Is produeed by the dry distillation of
fats (Faraday, Tr. 1825, 440) ; by heating the
vapour of fusel oil to redness (Wurtz, A. 104,
249), together with ethylene and ethane ; also
from light petroleum, ' ligroin ' (b.p. 60-90°)
(Prunier, J. 1873, 347) ; from iso- or tertiary-
tetryl iodide and alcoholic potash (Butlerow, A.
144, 19) ; by heating trimethyl carbinol and
dilute sulphuric acid (1 vol. H,S04 to 2 vols,
water) (Butlerow) ; from iso-tetryl alcohol and
zinc chloride, though in very small quantity
(Nevole, Bl. 24, 122).

Préparation.—5 parts of isotetryl alcohol,
5 parts sulphuric acid, 1 part of water and sand
are heated together (Lermontow, A. 196, 117).
Puchot's method (A. Ch. [5] 28, 508) of heating
isotetryl alcohol with a mixture of sulphuric
acid, potassium sulphate, and gypsum gives a
mixtureofpseudoandiso-tetrylene(Scheschukow,
J. B. 16, 510). A mixture of '2 parts of caustic
potash and 3 parts of alcohol (90 p.c.) is little by
little added to 2 parts of iso-tetryl iodide and
gently warmed (Butlerow, Z. 1870, 238). A gas,
with unpleasant smell, slightly soluble in water,
combines with hydriodic acid to form tertiary
tetryl iodide (v. Scheschukow, J. B. 1886, 207).
A mixture of three parts of sulphuric acid and
1 part of water completely absorbs the gas, which
on dilution and distillation cornes off as trimethyl
carbinol. Oxidising agents—e.g. potassium per¬
manganate—form carbon dioxide, formic and
acetic acids, and oxalic acid (and in the case of
chromium trioxide, acetone) (Zeidler, A. 197,
251). By the action of a mixture of 5 parts
sulphuric acid and 1 part of water forms dode-
cylene C12H24, b.p. 177-5-178-5°; sp.gr. ^ = .774
(Butlerow, B. 6, 561).

Tetrylene alcohol v. Tetrylene glycols.
Tetrylene bromides.
1. Normal tetrylene bromide

CH,.CH2.CHBr.CHjBr. ;

b.p. 165-6-166° ; sp.gr.- = 1-876 (Wurtz, A. 152,
23), - = 1-8503, ?jj° = 1-8204 (Grubowsky a.
Saytzen, A. 179, 332). Formed from a-tetrylene
and bromine (Wurtz). From normal tetryl
bromide andbromine at 150° (Linneinann, A. 161,
199). Gives a-tetrylene by action of sodium.

2. y3-Tetrylene bromine
CH3CHB1-.CHBr.CH3 ;

0°
b.p. 158°; sp.gr. - 1-821. Formed from /3-tetryl-
ene and bromine (Wurtz, A. 144, 236). Decom-
posed by heating to 140° with water and lead
oxide, forming lead bromide and methyl-ethyl
ketone (Eltekow, J. B. 10, 219).

3. Iso-tetrylene bromide
(CHjJjCBr.CHjBr. ;

b.p. 148-149° at 737 mm.; sp.gr. — = 1-793
(Linnemann, A. 162, 36). From iso-tetrylene
and bromine (L. ; also Wurtz, A. 104, 249; Eell
a. Bothberg, B. 22, 1737). By heating with
water to 150° isobutyraldehyde is formed.

Tetrylene cyanide.
Isotetrylene cyanide (dimethyl succino-

nitrile) CN.C(CH.,)2.CH2.CN ; b.p. 218-220°. Bj
treating an aqueous alcoholic solution of potas¬
sium cyanide with isotetrylene bromide and
allowing the mixture to stand for a fortnight.
A eolourless oil, moderately soluble in water.
Heated to 150° with strong hydrochloric acid, it
is decomposed into ammonia and dimcthylsuc-
cinic acid (Hell a. Bothberg, B. 22, 1737).

Tetrylene glycolchlorhydrin
(CH3)2.CCl.CH2OH ;

b.p. 137. From isotetrylene and hypochlorons
acid (Butlerow, A. 144, 25). Very soluble in
water.

Tetrylene glycols.
1. Normal (a)-tetrylene glycol

CH3.CH2.CHOH.CH2OH ;

b.p. 191-192° at 747-1 mm. ; sp.gr. j£= 1«,
17*5°

-J5- = 1-0059. From normal tetrylene bromide
(Saytzen a. Grabowsky, A. 179, 332).

2. /3-Tetrylene glycol
CH3.CH(OH).CH2.CH2OH ;

b.p. 203-5-204° (Kekulé, A. 162, 310) ; sp.gr.
= 1-0259 (Wurtz, J. 1873, 474 ; Bl. 41,362).
Produeed in small quantity by the réduction ol
dilute aqueous solution of aldehyde by sodium-
amalgam (K.).

3. Isotetrylene (y)-glycol
(CH3)2C(OH).CH,OH;

b.p. 176-178°; sp.gr. —= 1- 0129 ; —= 1-003.
Produeed by the fermentation of sugar in pré¬
sence of tartaric acid (Henninger a. Sanson,
C.B. 106,208). Formed by heating isotetrylene
bromide with potassium carbonate and water
(Nevole, Bl. 27, 63) ; also by oxidation of iso¬
tetrylene by means of permanganate of potash
in neutral aqueous solution (Wagner, B. 21,
1230).

4. Pseudo-tetrylene glycol
CH3.CHOH.CHOH.CH3

(symmetrical dimethyl ethylene glycol); b.p.
183-184°. Formed by heating for 6 or 7 bonis
1 vol. of a symmetrical dimethyl-ethylene oxide
C.,H80, with 3 vols, of water to 100° (Eltekow,
J. E. 14, 372).

Tetrylene iodide CH3.CHI.CH2.CHJ ; sp.gr.
2-291. From /3-tetrylene glycol and hydriodic
acid (Wurtz, Bl. 41, 362).

Iso-tetrylene nitrile C4H,(N0,),.
By treatment of isotetrylene with concen-

trated nitric acid (Haitinger, M. 2, 287). Form-
a crystalline mass. Probably the same body
was obtained by Beilstein and Kurbatow (B. 14,
1621) by treating the petroleum of Tiflis (b.p.
40-50°) with nitric acid (sp.gr. 1-52). It formel
needles which melted at 96°. They were in¬
soluble in water, but soluble in alcohol and
ether.
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Tetrylene oxides C4HsO.
. /V

1. Iso-tctrylene oxidc (CH3)2C . CHo ;
b.p. 51-52°; sp.gr. — = -8311. From the chlor-
hydrin, C4HSC10, and potash (Eltekow, J. E. 14,
368).

2. s-Dimcthyl ethylene oxide
/°\

CH3.CH.CH.CH3 ;
0°

b.p. 56-57°; sp.gr.— = -8344. Formed from the
chlorhydrin (prepared from the symmetrical
dimethyethylene and hypochlorous acid) and
potash (Eltekow, J. R. 14, 371).

Tetryl chloral, butyl ohloral
CH3.CHC1.CC12.CH0.

More correctly, tri-chlor-butyric-aldehyde ; b.p.
164-165° at 750 mm.; sp.gr. ^ = 1-3956
(Briihl, A. 203, 20). Formed by the action of
chlorine upon ordinary aldehyde, or para-alde-
hyde (Kramer a. Pinner, B. 3, 383). Chlor-
acetaldehyde CH2C1.CH0 is first formed, and
this condenses with another molecule of
acetaldehyde, forming a-chlorerotonaldehyde
CHj.CIkCCl.CHO and water, and this, by the
action of more chlorine, forms the ' tetryl
chloral.'

Préparation.—Chlorine is led through cooled
para-aldehyde (or aldehyde cooled by a freezing
mixture) ; water is then added, and the liquid
neutralised with calcium carbonate. The mix¬
ture is then distilled on the oil-bath in a current
of steam, and the hydrate is thus obtained.
This is then purified by re-crystallisation from
water, and decomposed by distillation in a stream
of hydrochloric acid gas (Pinner, A. 179, 26).

Butyl chloral is converted by fuming nitric
acid into aA-trichlorbutyric acid. Phosphorus
pentachloride converts it into a body C4H4C14,
which boils at 200°. It combines with zinc-
ethyl to forrn a compound which is decomposed
by water with formation of trichlortetryl aleo-
hol.

The ammonia compound
CH3.CHCl.CCl2CH(OH)NH2,

m.p. 62°, is formed by leading ammonia into a
mixture cooled by ice and sait of 1 part of butyl-
chloral, and 1| parts of chloroform (Schiff a.
Tassinari, B. 10,1783). It forms a solid mass,
insoluble in water, soluble in ether, alcohol, and
chloroform. Is readily decomposed on heating.

Butyl chloral has a strong affinity for water,
and readily forms the hydrate C4H5C130.H20,
which crystallises in trimetric plates, and which
is slightly soluble in cold, and moderately soluble
in hot, water ; m.p. 78° (Kramer a. Pinner),
74-75° (Lieben a. Zeisel, M. 4, 533). On
melting, partial dissociation is produced, so that
the m.p. is lowered by long heating ; sp.gr. 1-694
(Schrôder, B. 12, 562). It .is decomposed by
distillation into the chloral and water. Alcohol
and potassium cyanide convert the hydrate into
a-chlorcrotonate of ethyl. Zinc and hydrochloric
acid,orzinc-dustand water, produce mono-cklor-
croton aldehyde, and finally erotonaldehyde
(Sarnow, A. 164,108). With acetic acid and iron
filings, butyraldehyde, normal tetryl alcohol, and
crotyl alcohol are produced (Lieben a. Zeisel, M.
1,840).

Von. III.—37

THALLINE. A base obtained from p-amido-
anisoïl, the salts having antipyretic properties.
It is prepared as follows.

78 grms.p-amido-anisoïl, 50 grms.p-nitro-ani-
soïl, 320 grms. of glycerin, and 125 grms. concen-
trated sulphuric acid are heated with an inverted
condenser for 2 hours, and after this for 2 hours
longer, 50 grms. of sulphuric acid having been
added. The nitro-anisoïl is then blown off by
means of steam, and the mixture of bases is
precipitated by an alkali. From this the quin-
anisoïl is separated by means of its slightly-
soluble acid sulphate.

Quinanisoïl has the following constitution ;
CH CH

CHaOC^^c/^CH
I II

CI\/C\/CH
CH N

is a faint yellow oil, distilling without décompo¬
sition at 186° at 35 mm., and sp.gr. 1-1402 at
20°. It forms characteristic salts, but has no

antipyretic properties. It is converted by means
of tin and hydrochloric acid into tetra-hydro-
quinanisoïl, i.e. thalline, this name being given
on account of the green colouration which the
substance and its salts gives with oxidising
agents. The constitution of the body is :

CH CH2

ch3OC|^\C//Xx|CH2
cnli/k

CH NH
Thalline dissolves with difficulty, even in hot

water, but is easily soluble in alcohol, ether, and
benzene. It forms thick prisms, which melt at
43° ; it boils at 283° at 735 mm. The hydro-
chloride, sulphate, tartrate, and picrate (m.p.
162°) are ail erystalline salts. The acetyl
derivative crystallises in prisms which melt at
47°. Thalline also forms compounds with
methyl and ethyl iodide, and with benzyl-
chloride.

(Skraup, M. 6, 760; Germ. Pat. 30,426, June
18, 1884 ; Vulpius, Ar. Ph. 222, 840.)

THALLIUM. Sym.,Tl. At.w. 203-7 (Crookes).
This métal occurs to the extent of 17-25 p.c.

in the rare minerai crookcsite (CuTlAg)Se, and
in small quantities in iron and copper pyrites,
and in the seleniferous deposits from the sul¬
phuric acid manufactured therefrom, in which
it was discovered by Crookes by means of the
spectroseope. It is also found in lepidolite,
carnallite, alum, and in the mother-liquors from
the Nauheim sait springs. Its presence has
been observed in crude zinc (Kosmann) and in
platinum and its ores (H. N. Warren).

Thallium is a bluish-white, lead-like, erystal¬
line, extremely soft métal, malléable, but of
low tenacity. Its sp.gr. is 11-8, and its m.p.
290°. At a high température it may be distilled
in a current of hydrogen.

Thallium oxidises before the blowpipe. It
dissolves readily in dilute acids, and at a red
heat décomposés water. It resembles the alkali
metals in many of its compounds, notablyin its
soluble hydrate, carbonate, and silicate, and in
its power of replacing those metals in alum and
other salts, but in its physical properties, its

3 G
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haloid salts, and its black insoluble sulphide it
resembles lead.

Two oxides are known : T1,0, giving a soluble,
strongly alkaline hydrate, and T1,03. According
to Piccini, a third oxide T102 exists. The salts
are poisonous, and impart a green eolour to the
flame. Among the salts may be mentioned four
ehlorides : T1C1, T1,C13, T1C1,, and T1CJL,, and
other haloid salts, two sulphides, T12S and T12S3,
a eyanide T1CN, nitrate T1(N03)3SH20, sul-
phates T12S04 and Tl2(SO.,)37H„Ô, and the
soluble carbonate T1C03, and silicate.

THALLOCHLORE. A name given by Knop
and Schnedermann to the green colouring matter
of lichens (A. 56, 147).

THEBAINE v. Yegeto-alkaloids.
THEINE or Caffeine v. Vegeto-alkaloids.
THENARD'S BLUE. Cobalt blue v. Pig¬

ments.

THENARDITE. Native anhydrous sodium
sulphate.

THEOBROMA CACAO v. Cocoa.
THEOBROMIC ACID v. Patty acids.

THEOBROMINE v. Vegeto-alkaloeds.
. THEOPHYLLINE v. Vegeto-alkaloids.

THERMOMETERS. Changes of température
are measured by the corresponding altérations
produced in one or other of the physical pro-
perties.of a substance. Thus the expansion of
solids, liquids, and gases, the vapour pressures
of liquids, the eleetrical résistance of metals, and
other properties have been utilised for the déter¬
mination of température.

In nearly every case the amount of change
produced by a given rise or fall of température
dépends on the nature of the substance, and
rnust therèfore be carefully determined before-
hand for the particular material employed.

There is, indeed, only one known method of
measuring température which is theoretically
perfect, that is to say, which is entirely inde-
pendent of the nature of the substance ; this
method, proposed by Lord Kelvin, dépends on
the ratio of the work done by a réversible heat
engine to the heat supplied to it, and the tem¬
pérature, reckoned from absolute zéro, may be
defined as the reciprocal of Carnot's funetion.
The method is not one, however, that is capable
of practical application.

It lias been found that within certain
limits of température and pressure the ex¬
pansion of ail gases is very nearly the same
for equal changes of température. Hence it is
possible to devise a method of measuring tem¬
pérature which, while praetically independent of
the nature of the (gaseous) substance employed,
is at the same time fairly convenient for many
purposes. It is important also to remark that
the values given by an air or gas thermometer
are in very close agreement with Lord Kelvin's
thermo-dynamical températures.

The relation of the volume of a gas to its
température and pressure may be stated simply
as follows : The volume of a gas varies inversely
as the pressure and directly as the absolute
température, or pv = c t, where p is the pres¬
sure, v the volume, t the absolute température,
and c a constant depending on the units chosen.
If the volume remain constant the pressure
varies directly as the absolute température, or
p = c't, while if the pressure be kept constant

the volume varies directly as the absolute ton-
perature, or v = c"t.

It is true that the co-efficients of expansion
of différent gases are not absolutely identical,
and that the law holds good only within certain
limits of température and pressure ; but uniet
pressures not greatly exceeding that of the atmo¬
sphère the déviations are extremely smallintte
case of oxygen, nitrogen, hydrogen, and sont
other gases, except at very low températures. Il
seems probable, indeed, that the hydrogen ther¬
mometer gives reliable results even below — 2O0:.
Wroblewski (C. R. 100, 979) states that it cannot
be depended on below —193°, basing bis con-
clusion on a comparison with a thermo-electrio
pile of eopper and German silver, but Olszewski
(C. R. 100, 350) employed a hydrogen thermo¬
meter in the détermination of the vapour
pressures of oxygen, and obtained an apparent];
aceurate, or very nearly accurate, resuit at so
low a température as —211° (Ramsay a. YouDg,
P. M. January 1886, 42).

An ' air ' thermometer may be so eonstructed
that (1) the pressure remains constant and Ho
altération of volume is measured ; (2) thevolnme
remains constant and the change of pressure ir
observed ; (3) both pressure and volume are
allowed to alter, and both are measured. The
air or other gas is contained in a glass, or foi
very high températures a poreelain bulb, con-
nected by means of a capillary tube with s
mereury or sulphuric acid manometer. The bulb
is heated to the required température while the
other parts of the apparatus remain at the tem¬
pérature of the room. If the pressure be lept
constant the gas will expand, and at high tem¬
pératures a considérable portion of it will pas
into the cold part of the apparatus and m®
be measured at the ordinary température; itis
therefore usually considered better to raise the
pressure so as to keep the volume of gas as nearh
constant as possible. The vessel contaimnglhe
gas expands, however, when the température
rises, and a correction on aceount of this es-
pansion must be introdueed.

There are also two sources of error which are

diffîeult to estimate, but they may be aluns
entirely eliminated by taking suitable précau¬
tions. The first dépends on the fact that i:
ordinary températures air condenses to a digkt
extent as a sort of film on the surface of glas,
while at high températures this condensedairs
converted into gas, so that the apparent expan¬
sion is a little greater than the real. If, loi-
ever, the bulb, after thorough exhaustion al a
high température, be filled with air from which
ail moisture and carbon dioxide have been re

moved, the error beeomes praetically negligiU;
(Callendar, Tr. vol. 178a, p. 161).

The second is due to slight changes of voter
which a glass vessel is liable to undergo afc
being strongly heated and allowed to eool agair-
The magnitude of the possible error bétons
extremely small, however, if the bulb be beat:
for some hours to at least the highest tempo-
ture whieh is to be registered, before its voter
is determined. This point will be more M;
diseussed when dealing with mercurial tbera:-
meters. Of the numerous forms of air the»
meters which have been devised, the three stao
in the diagrams may serve as examples. Thefc.
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(fig. 1) represents a form of instrument employée!
by Eegnault in his classical researches. The bulb
j of the thermometer is eonneeted by a capillary
tube (passing through a perforation in tlie screen
j) with the mereury manometer mm', a front
view of which is shown in fig. 2. By addition

Fia. 1. Fia. 2.

of mereury to the open limb m', or by its re-
moval by means of the stopeoet s, the mereury
in the limb of the manometer eonneeted with
tbe air thermometer may be always kept at the
same height, so that tbere is no altération of the
volume of air except that due to tbe expansion
of the bulb when heated.

The calculation of the température is based
on the fact that the mass of air remains con¬

stant, though its température, its pressure, and,
to a small extent, its volume undergo change,
let

Y=volume of bulb A at 0° ;
o=volume of capillary tube, together with

the small portion of the manometer
above the mereury in m, also at 0° ;

a=co-efficient of increase of pressure of dry
air at constant volume ;

K=co-effieient of expansion of glas s ;
D=mass of 1 c.c. of air at 0°C. and 76 cms.

pressure ;
P = observed pressure—that is to say, the

barometric pressure, plus or minus the
différence of level of the mereury in m
and m'.

When the bulb is placed in melting ice, while
the capillary tube and manometer are at the
température f° of the room, the total mass of
air mil be

D.P.-fv + ^i1 —l 1 + 0t J
When the bulb is heated to the unknown tem¬
pérature x, the température of the capillary

tube and manometer being now f, the mass of
air will be

p p ' / Y (1 + kx) + v (1 + Kt') \' '

L 1 + ffli 1 t at' J
Therefore

p /y.i + t-1- + lc0 ~l + +
I 1 + of J l 1+M 1 + of /

an équation in which everything is knownbut®.
The value of a determined by Eegnault is

0-003665, but the fraction ^ is very nearly cor¬
rect, and is frequently empïoyed.

If the volume of air be allowed to vary, the
limb m of the manometer must be graduated,
and should be surrounded by cold water of
known température. In this case the additional
volume v' at the température of the water must
be brought into the équation.

Sulphuric acid may be empïoyed with ad-
vantage in place of mereury, since it moves more
freely in a narrow tube, and, being lighter, allows
of more delicate readings ; or a small sulphuric
acid gauge may be interposed between the ther¬
mometer and the mereury manometer. An
apparatus which can be empïoyed either as a
constant volume or constant pressure mano¬
meter has been described by Callendar (l.c.)
and more fully by Callendar and Grifïiths (Tr.
vol. 182a, 119). It is represented in fig. 3.

When the measurement is to be made at
constant volume the mereury in a is brought up
to the zéro point, and the stopcocks t2 and t3
are closed. The level of the sulphuric acid in
the gauge is then regulated by means of an ordi-
nary mereury manometer, not shown in the dia-

CapiTlary <#
M To \ïçrarrij M a !V'

1,1-

FIG. 3.

gram, and the pressure is the algebraical sum of
the barometric pressure, that registered by the
mereury manometer, and the slight différence in
level, if any, of the sulphuric acid in the two
limbs of the gauge rx, divided by the spécifie
gravity of mereury compared with that of sul¬
phuric acid.

If the pressure is to be kept constant, the
tube a is first filled from the réservoir q until
the level of the mereury stands at some point in
the tube de, recorded by the scale s, the pressure

3 G 2IRIS - LILLIAD - Université Lille 1



820 THERMOMETERS.

of the air in the bulb being equal to that of the
atmosphère, as shown by the sulphurio acid
gauge. (In this case the tube m is not connected
with the mercury manometer, but is open to the
air.) When the bulb is heated, mercury is al-
lowed to escape by the three-way tap t., into the
weighed beaker, the tap being closed as soon as
the sulphuric acid gauge indicates that the
pressure is again equal to that of the atmo¬
sphère. The increased volume is calculated
from the weight of mercury expelled. The nar-
row tubes de and fg are calibrated and provided
with scales. For the advantages of the sul¬
phuric acid gauge see also Bottomley (P. M.
1888 (Aug.), 149).

Callendar has quite recently described a
modified constant-pressure air thermometer
which appears to possess marked advantages
over those previously devised, and gives ex-
tremely aceurate results. The pressure of the
air in the thermometer is not adjusted to equality
with that of the atmosphère, but always with
the same constant pressure, obtained by Con¬
necting the outer limb of the sulphuric acid
gauge to a glass bulb filled with air and kept in
Jnelting ice.

The effect of changes of température of the
Connecting tubes on the readings is entirely
eliminated by the employment of compensating
tubes of the same size, and thus the trouble-
some and somewhat uncertain correction hitherto
necessary is obviated. The compensation is
perfect when (1) the two sets of Connecting
tubes are of equal volume and at the same mean
température ; (2) the mass of air inclosed in
the standard pressure-bulb is equal to that in
the thermometric and mercury bulbs ; (3) the
pressures are adjusted to equality. Under these
conditions, the température of the thermometer
bulb (on the air-thermometer scale) is given by
the simple équation 0, = V,6J(V0— Vm), where
"F, is the volume of air in the thermometer bulb
at 0,°, V0 and Vm are the volumes of air at 0°C.
in the standard pressure bulb and the mercury
réservoir (this being also surrounded by melting
ice), and 0O is the température of melting ice on
the air-thermometer scale.

For moderate ranges of température, and
when extreme accuracy is not required, the
apparatus may be greatly simplified, and may
be so constructed that the températures are read
directly on the sulphuric acid gauge ; it is stated
that such thermometers can be made to read to
the tenth of a degree at 450°. This form of
direct reading thermometer has been patented
and is recommended for technical purposes.

Other forms of air thermometer have been
described by Balfour Stewart, Tr. 153, 425 ;
Codazza, D. P. J. 210, 255 ; Jolly, Pogg. Jubel-
band, p. 82 ; Mitseherlich, A. 12, 146 ; Crafts,
A. Ch. [5] 14, 409 ; Andrews, B. 14, 2116 ; Pet-
tersson, J. pr. [2] 25, 102 ; Cailletet, C. B. 106,
1055 ; Berthelot, A. Ch. [4] 13, 144. A platinum
bulb was recommended by Pouillet (C. B. 3,
782), but it was pointed out by Becquerel (A. Ch.
58, 49) that at liigh températures air passes
through the platinum. A porcelain bulb was
employed by Weinhold (P. 149, 188), by Deville
and Troost (A. Ch. [3] 58, 265), and others.

Air thermometers for technical purposes are
generally provided with scales which are cali¬

brated empirically by heating the bulbs to two
or three known températures, so as to obtain a
certain number of fixed points. The scales are
then constructed by interpolation.

Thermometers of this class have been de¬
scribed by P. Schoop, Germ. Pat. 20,345 (1882);
Witz, C.B. 91, 164; Beilby, S. C. 1.1885,41;
Coleman, ibid. 1885, 43, and by Heisch anil
Folkard. The last of these is very simple, and
has been found by Hurter (ibid. 1886,635) to
give good results. The bulb a (fig. 4) contains
air under reduced pressure, and there is a
vacuum over the mercury in the manometei st.

For ordinary purposes the mercurial thermo¬
meter is the most convenient, for it may le
made of any required size, it is easily portable,
and the bulb, if elongated, need not be wider or,
indeed, so wide, as the stem. The instrument
consists of a spherical or cylindrical bulb fnsed
to a capillary tube of suitable length. The bulb
is filled with pure mercury, which must be
boiled for some time to remove the film ot gas
or aqueous vapour which adhères obstinately to

A

-1000
-900

-eoo

Fig. 4.

the surface of the glass. If the thermometer i-
required for low températures only, there i;
usually a vacuum in the stem of the then»
meter, but for high températures it is necessary
to fill the capillary tube with nitrogen to pri¬
vent distillation of the mercury, a smallbil:
being blown at the upper end of the tube i:
order that when the mercury expands and com¬
presses the nitrogen the pressure shall not ri::
too high.

An ordinary thermometer is graduated 1;
placing it first in the steam from water boit:
under known pressure and then in melting is
(v. Guillaume, Traité pratique de la Thermt-
métrie de Précision, p. 112). The variation i
the melting-point of ice with the pressure is 9
minute that this point may be taken as obï-
lutely fixed, but the boiling-point of water varies
considerably with the pressure, and therefo::
some standard pressure must be chosen. It
is 760 mm. or 29'922 inches of mercury®»
sured at 0°C. and at the latitude of Paris:.:
the Centigrade scale, and 29-905 inches of K
cury at 32°F. at the latitude of London for ù
Fahrenheit scale.
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The position of the mercury in the stem is
marked off at these two températures, and the
space between these two fixed points is then
usually divided into a certain number of equal
parts—100 on the Centigrade scale, 180 on the
Fahrenheit, and 80 on the Réaumur. On the
Centigrade and Réaumur scales the melting-
point of ice is taken as the zéro point, but on
the Fahrenheit the zéro of the scale is placed
32 divisions lower down, so that the melting-point
ot ice is 32°, and the boiling-point of water 212°.

A thermometer graduated in this manner
does not, however, register true températures
eicept at the two fixed points, for the following
reasons:—1. It is impossible to obtain an ab-
solutely cylindrical capillary tube, so that the
volume corresponding to a scale division is not
quite the same in ail parts of the tube. Yarious
methods have been devised for calibrating the
stem (a. Brit. Assoc. Report, 1882, 145-204, also
Guillaume, l.c. pp. 43-99), but when this is
doue there remain other sources of error. 2.

The position of the mercury in the stem at any
température dépends on the expansion both of
the mercury and of the glass, and in each case
the rate of expansion increases with rise of
température. Moreover, différent kinds of glass
have différent rates of expansion, so that two
thermometers made of différent materials -even

if the capillary tubes were perfectly cylindrical—
would give différent readings at the same tem¬
pérature. The only really satisfactory method
of correction of such a thermometer is to com¬

pare its readings either directly with an air
thermometer, or with another mercurial ther¬
mometer which bas previously been standardised
by means of an air thermometer. Or a number
of fixed points may be determined by heating
the thermometer with the vapours of a sériés of
pure liquids boiling under known pressures.
The following table contains a list of suitable
substances with their boiling-points, and the
variation of pressure corresponding to 0T°C. at
the boiling-points :—

Substance
Boiling-point
at 760 mm.

at 0°.

Variation of
Pressure for 0-1C.

Observer and Iteference

Carbon bisulphide . 46-20
mm.

2-48 Regnault, Mémoires, 26, 658.
Ethyl alcohol. 78-26 3-05 JJ JJ JJ

Water .... 100-00 2-71 21, 633.
Chlorobenzene 131-95 2-02 Ramsay a. Young, C. J. 47, 640.
Bromobenzene 156-15 1-94 JJ JJ JJ JJ

Aniline .... 184-4 1-96
Callendar a. Griffiths, Tr. 182a, 151.„ ... . 184-13 —

Naphthalene . 218-05 1-72 Crafts, Am. 5, No. 5.
„ ... 217-94 — Callendar a. Griffiths, l.c.
„ ... 218-04 — Griffiths, Tr. 182a, 152.

Hethyl salicylate . 222-90 1-75 Ramsay a. Young, l.c.
J) JJ •

223-03 — Callendar a. Griffiths, l.c.
Quinoline 237-45 1-70 Young, C. J. 55, 483.
Bromonapkth alene 280-45 1-57 Ramsay a. Young, l.c.
Benzophenone 306-08 1-58 Crafts, l.c.

» 305-82 -— Callendar a. Griffiths, l.c.
Dibenzyl ketone 330-55 1-52 Young, C. J. 59, 626.
Mercury.... 356-83 1-33 „ 59, 629.

356-74 — Callendar a. Griffiths, l.c.
Sulphur.... 444-53 (about) 1-15 „ Tr. 182a, 145.

In this way a table or curve of corrections
may be constructed showing the error at any
scale reading of the thermometer. 'Normal'
thermometers may now be purchased ; they are
compared with a standard thermometer before
graduation, and true températures are stated to
be registered by them.

Tables of correction of readings of mercurial
thermometers to true air-thermometer tempéra¬
tures have been published by various observers ;
but as these tables must neeessarily vary for
différent kinds of glass—the further correction
tor unevenness of bore being also required—they
do not seem to possess much général value. It
may be useful, however, to give references :—
Eudberg, A. 36, 121 ; Bosseha, C. R. 69, 875
and 1185 ; llegnault, C. R. 69, 879 and
Mémoires, 21, 239; Crafts, C. R. 95, 836;
Kecknagel, P. 12.3 ; Guillaume, Traité pratique
de la Thermométrie de Précision.

Even when the above corrections to true air-
thermometer températures have been made,

there remain some sources of error, the most
important of which is the altération of the
capacity of the bulb, and doubtless also of the
capillary tube after long-continued heating, and,
indeed, after any considérable change of tem¬
pérature. A vast amount of expérimental work
has been done on this subject, and the explana-
tion of the observecl changes has given rise
to a great deal of discussion. The following
references may be made to the literature of the
subject Despretz, C. R. 4, 926 ; Person, ibid.
19, 1314 ; Legrand, ibid. 4, 173 ; Crafts, ibid.
91, 291, 370, and 413 ; 94, 1298; Pernet, ibid.
91, 471 ; E. J. Mills, T. Ed. 29, Part 2, 587,
and Nature, 41, 100, 227, and 538 ; Young, ibid.
41, 152, 271, 488; Tomlinson, ibid. 41, 198;
Pernet, Travaux et Mém. du Bureau Int. des
Poids et Mesures, vol. i., B. p. 52, and I.,
p. 17 ; Guillaume, Traité pratique. The most
important facts regarding the altération of
zéro point may be shortly described as fol-
lows :—
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1. If a thermometer be graduatecl shortly
after the bnlb lias been blown, the zéro point
will rise with comparative rapidity at first, then
more and more slowly, and the élévation of the
zéro point may go on for many years. Joule
(Scientific Papers, i. 558) took observations with
one thermometer over a course of thirty-eight
years, and the change, whieh then amounted
to almost exaetly 1°F., was still proceeding.

2. If a thermometer be maintained at a high
température for a considérable time, the rise of
the zéro point takes place with mueh greater
rapidity, and up to, at any rate, 360°, and
probably 450°, the higher the température the
more rapid is the rise, and apparently the higher
is the final point reached. A total élévation of
over 20° has in several cases been observed,
while larger glass bulbs, after continuous heating
to 445°, or in one case 511°, have been found by
Regnault, Crafts, and Callendar and Griffiths to
suffer a contraction of from 0'25 to 0'34 per
cent. In ail cases the rise or contraction, whieh
is rapid at first, becomes slower and slower, and
it seems doubtful whether at any given tempéra¬
ture actual constancy of zéro point or capacity
has ever yet been attained. If, however, a
thermometer has been heated for many hours to
a given high température and then allowed to
cool very slowly, subséquent heating tolower tem¬
pératures has very little effect on the zéro point,
and it is advisable to subject a thermometer to
this process before determining the fixed points.

3. Not only is the zéro point liable to change,
but the interval between the zéro and 100° points
may at the same time be increased, for the co¬
efficient of expansion of glass suffers diminution
after prolonged heating.

4. Internai or external gaseous pressure on
the bulb appears to have little or no influence on
the rise of zéro point.

5. If a thermometer—even after its zéro

point has been rendered as permanent as
possible — be heated and then cooled very
rapidly, a fall of the zéro point will be observed,
but after a day or two the greater part of this
fall will be reeovered, and the remainder after a
longer period.

Other possible sources of error are the follow-
ing :—If the mercury in the stem of the thermo¬
meter—or a portion of it —be not heated to the
same température as that in the bulb, a correc¬
tion is required. This point has been discussed
in the article on Distillation, vol. i., p. 688.

The bulb is slightly compressible, and con¬
sidérable changes of external pressure may affect
the readings to some extent.

Mercury does not move very freely in a
capillary tube, and in delicate thermometers,
when the température changes, the movement
of the mercury may take place in jerks instead
of smoothly. This may be avoided by tapping
the thermometer (Pickering, P. M. 1886, vol. xxi.).

For températures below — 38-8°, the freezing-
point of mercury, an alcohol or toluene ther¬
mometer may be employed. The liquid alloy of
potassium and sodium has also been used as a
thermometrie substance for températures above
the boiling-point of mercury.

Spécial forms of the mereurial thermometer
suited to technical purposes, in whieh ebullition
of the mercury is prevented by increased pres¬

sure even at very high températures, have been
devised by Murrie (S. C. I. 1885 , 45,189, 655).

Otlicr Forms of Thermometer.
Platinum résistance thermometer. The

measurement of température by the altération
of the résistance to eleetricity of a platinum
wire was suggested by Siemens (Bakerian Lec¬
ture, Pr. 1871), but in conséquence of an
adverse report to the British Association in 1874
this method was abandoned. Recently, how¬
ever, the subject has again been investigated by
Callendar (Tr. 178; A. 161), Griffiths(ibid. 182;
A. 43), and both authors (ibid. 182 ; A. 119),
with very satisfactory results. In order to insure
accuracy the platinum wire must be pure in the
first place ; it must be prevented from alloying
with silicon, Carbon, tin, or other impurities,
and it must not be subjected to
strain—such as elongation. 'When
these conditions were fulfilled, the
résistance of a wire was always
found to be constant at a given
température. The form of ther¬
mometer reeommended by Callen¬
dar and Griffiths is shown in fig. 5.
Two platinum wires are inter-
wound in a double-screw thread,
passing througli holes in a thin
mica plate a b. Each spiral is pro-
vided with a double and single
electrode, symmetrically arranged.
The six electrodes are insulated,
and kept in place by passing
through holes in thin mica wads
(one of whieh is shown at c) whieh
are eut to fit the glass tube con-
taining the thermometer. The
electrodes are best made of plati¬
num, the ends of the wires being
fused to them by the oxyhydrogen
flame. For températures up to
about 500° the spirals may be
wound round ignited asbestos, but
the insulation becomes imperfect
at higher températures.

If B0B, be the résistances at 0°
and 100°C., and B that at any
other température, the correspond-
ing value of the ' platinum ' tem¬
pérature pt is deduced by the for¬
mula

pt = 100 (E —E0)/(B, —B0).
For détails as to the method of
opération, comparisons of the pla¬
tinum with the air thermometer,
and the degree of accuracy attain-
able, the original papers should be consulte!
See also Callendar, P. M. 32, 104; Spohr,
D. P. J. 257, 315.

Vapour pressure thermometer. This foa
of instrument has been reeommended by Loi!
Kelvin (Pr. E. 1880, 432), and has been intro-
dueed into practice under the name of fc
' Thalpotassimeter ' by Schiiffer and Budenberg
(Dittmar, S. C. I. 1885, 44). If the vapo®
pressures of a given liquid have been accuratel;
determined through a certain range of tempéra¬
ture, any température within these limits may le
afterwards determined by observingthepressi®
exerted by the vapour of the liquid.

Fio. 5.
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The method possesses the great advantage
that altération of the capacity of the vessel con-
taining the liquid and vapour is entirely without
influence on the pressure, which is solely dé¬
pendent on the température.

Probably the most serious objection to the
method i's the difficulty of filling the vessel or
réservoir with the pure liquid entirely free from
air, and if this difficulty be not overcome large
errors may be introduced. In the case of the
thalpotassimeter, ît appears also that leakage
gradually takes place, so that the liquid escapes
after a time. The apparatus is necessarily also
somewhat cumbersome. For high températures,
liowever, a mercury vapour pressure thermo-
meter is sometimes serviceable, and may be
aminged as in fig. 6 (Ramsay a. Young, C. J.
47,651). The mercury must be well boiled to
remove the film of air adhering to the glass,
but this may be done without much difficulty.

Thermometers constructed to measure ex-

tremely high températures are known as pyro-
meters. Probably the most accurate results are
to be obtained with the poreelain air thermo-

FIG. G.

meter and the platinum résistance thermometer.
Other methods which have been proposed or
adopted are the following :—

1. The measurement in a calorimeter of the
amount of heat evolved by a piece of platinum
on cooling from the high température to the final
température of the water in the calorimeter.

Let x be the unknown high température ; f,
the initial température of the water in the
calorimeter ; 6, its final température ; m, the
mass of water, plus the water équivalent of the
calorimeter ; m, the mass of platinum taken, and
s, the spécifie heat of platinum. Then, since
m (x—6)=m (0 — t)

œ=M(M)+ei
ms

The spécifie heat of platinum, like that of
other metals, increases with rise of température,
so that s, which should be the mean spécifie
heat between x and 0, dépends really on the
former of these températures, and a troublesome
calculation is required in order to obtain an

accurate resuit. Taking s = 0-036, however, a
preliminary rough calculation of the tempéra¬
ture x may be made, and then from the follow¬
ing table a more accurate value of s may ba
obtained and the calculation repeated.

Mean Spécifie Heat of Platinum (Pouillet).
Between 0° and 100°C. . . 0-0335

0°
0°
0°
0°
0°

300°C.
, 500°C.
, 700°C.
, 1000°C.
, 1200°C.

0-0343
0-0352
00360
0-0373
0-0382

Codazza gets over the difficulty by employing
two pièces of platinum of différent weights, m,
and m2; then, the initial température of the
calorimeter being the same in both cases, the
final températures 0t and 02 will be différent.
Calling the quantities of heat m(0, — f) and
h(02 —f), qj and qo, we have q,—0,), and
q., = sm.,[x — 0») ; hence s may be eliminated, and

Référencés.—Pouillet, C. R. 3, 786 ; Wein-
hold, P. 149, 216 ; Violle, P. M. [5] 4, 318.

2. The employment of a sériés of pure salts,
the melting - points of which are known
(Carnelley, C. J. vol. 33 ; Carnelley a. Williams,
ibid. vols. 33, 35, 37). It is possible in this
way to ascertain that a given température lies
between the melting-points of two salts in the
sériés. It has also been proposed to employ
alloys of gold and silver, or gold and platinum,
in a similar manner (Tr. 1828, 79).

3. The détermination of the weight of
mercury vapour in a hard glass or poreelain bulb
(Regnault, Mémoires, 21, 267).

4. The expansion of a rod of métal or other
solid substance, or the différence in expansion of
two solid substances ; or, again, the coiling or
uncoiling of a spiral composed of two or more
metals rolled or welded together to form a
ribbon. Daniell's well-known pyrometer (P. 39,
577) and Breguet's metallic thermometer be-
long to this class ; v. also Ochsle, A. 20, 140 ;
Breguet, C. R. 5, 720, and 16, 210 ; Hurter,
S. C. I. 1886, 635.

5. The measurement of the permanent con¬
traction of:ciay (Wedgwood, Tr. 1782, 1784, and
1786).

6. The passage of a moderately-rapid current
of cold water through a protected métal tube
placed in the furnaee or heated chamber. The
arrangement described by Amagat (C. R. 97,
1053) appears to be the best. The tube is bent
in the form of a spiral so as to increase the
length, and the rate of current is regulated by
the head of water, which is easily kept constant.
A pyrometer of this kind may be so arranged
that a rise of 10° in the température of the water
corresponds to 1000° in the furnaee.

For further remarks on pyrometers v.B.P. J.
225,272; Weinhold, P. 149, 186; also Hurter

One other method of measuring température
should be mentioned; it is based on the fact
tliat if pièces of two différent metals are joined
at their extremities, and if the two junctions are
heated to différent températures, a current of
electrieity will as a rule be produced. If then the
température of one junetion and the strength of
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the ourrent are measured, the température of tke
other junction may be ascertained. An instru¬
ment constructed on this principle is eallecl a
thermopile. Eossetti, A. Ch. 1878 ; Becquerel,
ibid. 58, 49 ; Regnault, Mémoires, 21, 241 ; Tait,
T. Edin. 27 ; Roberts-Austen, Nature, 45, 535.

S. Y.
THERMONATRITE. Monohydratcd sodium

carbonate Na;COs.H„0.
THERMOSTATS. A thermostat may be de-

fined to be an apparatus so arranged as to
maintain the température of a space constant
between certain deiinite limits. Previous to
1860 the forms of apparatus adopted were few
and simple ; but, with the refinement of physical
and chemical expérimental methods, a need has
arisen for instruments of a trustworthy charac-
ter. To satisfy this need many arrangements
have been suggested, which may be classed in
the following groups :—

I. Thermostats depending on a flow of heated
liquid for the maintenance of a constant tem¬
pérature.

II. Thermostats utilising the latent heat of
the altération of the state of aggregation of a
body :

(а) Those in which the change is from solid
to liquid ;

(б) Those in which the change is from liquid
to vapour.

III. Other thermostats which are not self-
regulating.

IV. Self-regulating thermostats, including—
(a) Mercurial or other single-liquid thermo-

meters :

1. Acting directly on the gas supply or
other heat source ;

2. Acting on the source of heat through
eleetrical arrangements ;

3. Acting on the source of heat through
meehanical arrangements ;

(b) Gas thermometers :
1. Acting on the gas supply by transmis¬

sion of pressure through a liquid
column ;

2. Acting through eleetrical arrangements ;
3. Acting through meehanical arrange¬

ments ;

(c) Vapour-tension thermometers :
1. Air and vapour ;
2. Vapour in contact with its own liquid

only ;
(d) Thermostats depending on the differential

expansion of solid substances;
(e) Other meehanical regulators.
I. Thermostats depending on a flow of heated

or cooled liquid for the maintenance of a constant
température have been devised by Dupré and
Page (T. 159, 608,1869) ; by Stricker and Burdon
Sanderson ; Hinrichsen and Roth (W. 8, 83 ;
11, 1) ; and Chappuis (W. 12, 167). The form
of apparatus invented by C. Blaufus-Weiss may
be adapted for use either as a pressure or tem¬
pérature regulator (Germ. Pat. 43,574, 7 Dec.
1887). As used in the latter capacity, it consists
essentially of a cylindrical valve controlling the
supply of hot or cold currents of either liquid or
vapour to a worm arranged in the vat to be
maintained at a uniform température. The
valve is formed by an elliptical slit in a sheet
cylinder which passes half round the circum-

ference of the cylinder, and, when the laite
revolves, is brought more or less opposite 1»
tubes opening into the sides of the drum, whità
serves as a valve-box. The space within th,
revolving cylinder is furnished with tubes passin;
through the haad of the drum to serve as supplr
or exit pipes. The valve is worked by the ris
and fall of a vertical piston, actuatod by fc
expansion and contraction of a body of mercun,
which is contained in a bell-shaped vesseloi
which the wider end is applied to a small chau.
ber which forms a side continuation of the rat
The vertical movement of the piston is trais-
formed into the circulai'motion of the valve a

a horizontal plane by means of a pin workingii
a serew slot on a hollow cylinder.

II. Thermostats in which a constant tm
perature is maintained by the use of substance
changing their state ofaggregation at the requirti
température.

(a) For températures below 0°C., Wild use!
the cryohydrates of Guthrie. In this case, as in
the ice-bath, the change of state is from sol
to liquid.

(b) More commonly the change of state is
from liquid to vapour. The vapour from i
liquid boiling at the required températures
caused to surround the oven or

bath to be heated. Here the tem¬
pérature will vary according to
the pressure under which the
liquid is boiled.

The liquids used for this pur-
pose are:—Water, ether, methyl
and ethyl alcohols, benzene, tolu¬
ène, acetic acid, carbon bisulphide,
amyl alcohol, xylene, turpentine,
aniline, naphthalene, glycerin, di-
phenylamine, the monohydrate of
sulphuric acid, mercury, paraffin,
sulphur, zinc.

The températures so obtained
lie between 22° and 1040°. At
the ordinary atmospheric pressure
one definite température is ob¬
tained for each substance used.
Intermediate températures may
be obtained in several ways :—

(1) The pressure under which the
vapour is formed is varied ; (2)
mixtures of liquids in various
proportions are used; (3) a solid
is dissolved in a liquid, the boil-
ing-point being thus raised, and
the vessel or bath is surrounded
by the boiling liquid.

Alluard has used the method
of boiling liquids at reduced pres¬
sures to obtain températures be¬
tween 30° and 300°C. (C. R. 59,
500). Pfaundler has used similar means (Sit
B. [2] 56, 1867).

L. Meyer devised an apparatus for deten»
ing the boiling-point of a liquid at any près®
below that of one atmosphère. It may be «s
to control a eonstant-temperature bath (A. 1;
303). The apparatus (see fig. 1) is a près®
control valve. The mercury in a b cuts off tfc
connection with the air-pump through h as so»
as the pressure is reduced to the required point
c d is a mercury valve whicji admits air to t!

Fia. 1.
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apparatus immediately the pressure falls below
that fixed upon.

Brown bas improved this apparatus, render-
ing it possible to use it for pressures higher, as
well as lower, than one atmosphère. A mercury
manometer is so constructed that, immediately
the pressure falls below or rises above that deter-
miued upon, an electro-magnetic clutch, actuating
a suitable stopcock, is placed in a battery circuit,
and thus connection is made between the réser¬

voir and the pump or outer air, as may be required
for adjustment (P. M. [5] 45 ; vii. 411).

Alluard has used mixtures such as the fol-
lowing : Ether and carbon bisulphide ; carbon
bisulphide and alcohol ; and alcohol and water,
to obtain constant températures in jacketed baths
(C. B. 58, 82).

Beynold has similarly used mixtures of
glycerin and water (Z. 1862, 213).

Sulphuric acid of various concentrations has
béen used by L. Hammerle, with which tempera-
tares ranging from 40-317'35°C. have been ob-
tained, using varying pressures (Sitz. B. 2,1869).

Sprengel made a sulphuric acid bath of lead,
shaped after the common steam-jacketed air-
baths (C. J. 11, 458).

Laspeyres constructed a sulphuric acid bath
from an Érlenmeyer's fiask, using a test tube for
the heated chamber (see fîg. 2). A platinum

Fia. 2. Fia. 3.

apparatus (fig. 3) has been described by the same
author (P. 152,132).

A. Fock has constructed a very serviceable
bath, in which common petroleum is used as the
mixture of liquids of différent boiling-points.
A double cylinder ab (fig. 4), serving as a vapour-
jacketed bath, is connected by means of the side
tubes a and 6 with the reflux condenser g. The
tube c connected with the condenser commu-

nicates, through the stopcock r and tube d, with
the réservoir fiask k. A mixture of liquids (e.g.
common petroleum) is placed in the bath and
distilled, the distillate passing. through the open
stopcock r into the fiask k. At the moment
wheu the required température is attained, as

indicated by the thermometer t, the stopcock r
is closed ; the distillate now returns through the
tube b to the bath, henee the température of b
ivill remain constant for any length of time (B.
18, 1124a, 1885).

Ramsay has used a vapour-bath in which the
température is controlled by regulating the

Fia. 4.

pressure under which a selected pure liquid is
boiled (C. J. 1885, 640).

III. Thermostats which arc not self-regulated.
Instruments serving as indicators only have
been devised by Hall (Q. J. Sci. 5, 52, 1818) ;
Doyère (A. Ch. [3] 28, 5,1850) ; A. Fraser (Jour.
Gas Lighting, 38, 798, 1881) ; J. Barnes (C. J.
39, 463, 1881); A. V. Hareourt (Pr. 34, 166,
1882) ; U. Kreusler (Chem. Zeit. 8, 1321) ; and
C. Winkler (B. 18, 2533, 1885).

G. Merryweather, in 1833, devised an ingeni-
ous form of apparatus for obtaining a fairly
constant supply of beat by the combustion of
alcohol vapour, in presenee of glowing platinum
foil, without flame (D. P. J. 49, 255 ; Mechanics'
Magazine, 507, 56).

Bunsen's thermostat is a sheet-copper vessel,
about 40 cm. long, of elliptical section. It is
provided at equal intervais along its length with
seven pairs of solid copper rods, 7-8 mm. in
diameter, riveted and brazed into the sides.
The outer ends of each pair project through the
chimneys of as many burners, from which they
serve to conduct the beat to the heated vessel.
The température is regulated by moving the
burners away from or towards the thermostat.
It is essential that the apparatus be screened
from draughts, that the fiâmes be maintained of
nearly the same size by a gas regulator, and that
both rods be well immersed in the flame of each
burner (A. 141, 273).

Exner's thermostat is of especial value, as it
allows of constant températures being maintained
between 0° and 10°C. (see fig. 5). It consists of
an inner flask, surrounded by two concentric
glass vessels, with an air space between ; the
three vessels are fastened above to a zinc plate.
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A delicate tliermometer and a thermo-element
are plaeed in the centre of the flask ; the stem
and wires pass through a leaden pipe àttacked
to the zinc plate. Between the two surrounding
vessels is coiled a German-silver wire, the coils
hanging freely without contact with either vessel ;
wires pass from the coil to a battery through the

in melting ice, contained in a fourth vessel ; the
leaden tube alone projects, and serves to keep
the wires from contact with the ice. By passing
an electric current through the German-silver
coil, the température of the central vessel can be
maintained at any desired point ahove 0°C. (Sitz.
Vf. 68, 2, 1873).

The same principle is applied by H. Crew
(P. M. [5] 33, 89). The accompanying illus¬
tration (fig. 6) shows the points in which this
instrument differs from the preceding one.
Julien storage cells are used as the source of a
constant current, which is regulated by altération
of the length of a résistance wire r, through
which the current flows, by means of a slider s,
and controlled by means of a Thomson balance.

IY. Self-regulating thermostats : (a) Single-
liquid thermometers (1) acting directly on the gas
supply have been devised by Carmichael (Fr.
10, 85) and by Hannay (M. S. [3] 16, 1021).

Milne - Edwards, on the same principle,
arranges the eontraeted end of the burner gas-
supply tube near to the upper surface of mercury
in a small réservoir connected vertieally with a
peeuliarlymade mercury thermometer; expansion
of the mercury partially or wholly closes this
tube, gas can then only reach the burner through
a minute orifice in the leading tube (A. Ch. [4]
25, 390).

Beichert's form of regulator is essentially
that of a mercury thermometer, with a réservoir
at the top of the column. The gas-supply tube
is plaeed so that its eontraeted opening is ver-
tieally over and near to the surface of the top oi
the mercury column. The leading tube takes oB
gas at the side of the réservoir. A small side
tube on the stem is supplied with a screw by
means of which the mercury level may at any
time be adjusted, and the température main¬
tained thus altered at will (fig. 7) (Fr. 11, 34; P.
144, 467).

Gerhardt's modification allows of easily
filling the instrument with mercury.

Begulators of the same type, but varying
somewhat in form, have been constructed by
Page (C. J. 1876, 24), Fletcher (C. J. 187 6,488),
and Boulin (D. P. J. 227, 263). The instrument

I/

jîî

KJ
Fig. 8.

devised by Boulin is constructed of iron and
steel (v. fig. 8). The height of the mercuiy
column is adjusted by means of a sliding tem-
pered-steel rod, held in position by the set
screw /. As this rod passes down the centre of
the gas-supply tube, the gas can only reach the
burner tube by passing through the ring-shaped
aperture d, near the surface of the mercury. A
small tap g maintains a sufficient supply of gas
to the burner to avoid extinction of the flame by
the complété interruption of the supply at i
(D. P. J. 227, 263).

Alow-température thermo-regulator, arrange!
by F. W. Dafert, serves to control the heating to
a constant température of quantifies of water
(see fig. 9). The water is heated in the coil a by
a burner b furnished with a chimney. The gas
supply is controlled by a regulator c immersed
in the heated water. The hot water passes
through o, and is delivered into the reservoit
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near h, tbe supply tube for cold water, tlie
supplies being eoutrolled by the cocks k and L
respectively. The whole mass is thoroughly
mixed by a stream of air bubbles dehvered
through the tube f. The water required for use

The regulator differs from that of Reichert in
that the mercury réservoir is arranged with two
branches reaehing to the top of the water vessel ;
and, again, tbe gas proceeds to the burner
through the tube e, whose narrowed extremity
forms a valve with the mercury surface, instead
of by means of the side tube (Chem. Zeit. 1886,
52,789).

2. Thermostats acting on the source of heat
through electric arrangements bave been con-
structed by Maistre (C. R. 1854, 24), Clerget
(D. P. J. 134, 23), Pfaundler (Carl's Rep. 18,
443), Salet (Bl. 1865), and Morin (C. R. 1864,
59,1082).

Kohlrauseh arranged an electric thermo-
meter, to control the température of a hothouse,

with two electro-magnets in the circuit of a
constant battery. (Fig. 10) e, opens the hot-air
valve o, if the température fall below 15° ; if 18°
be reaehed, the second magnet e2 opens the
cold-air valve o2 (D. P. J. 389, 175).

Scheibler has constructed an electro-thermo-
stat, with the usual form of electric thermometer
(fig. 11). The electro-magnet is contained in
the square box a ; the upper end of the armature
is provided with a leather pad, which Works

against the continuation of the gas-supply tube
6, and with it forms a valve which cuts olï the
gas when the mercury cornes into contact with
the upper platinum wire. The extinction of tbe
fiame is avoided by having a small hole at c in
the tube b, more or less closed by means of the
screw d, through which a small stream of gas
can eseape into the box, and hence into the
burner tube (Fr. 1868, 88).

Zabel has adapted the same principle to tho

Fig. 11.

shield is automatically interposed or withdrawn
from between the ilame and the bath (Fr. 7,
1868).

3. Thermostats acting on the source of heat
through mechanical arrangements have been
devised by Schlôsing (A. Ch. [4] 19, 205 ; B. 5,
859), N. A. Randolph (Jour. Franklin Institute,
116, 465, 1883), V. H. Veley (C. J. 43, 370),
Randall, and others. Randall's apparatus
(D. P. J. 224, 478) is adapted to the heating of

large masses of water to a constant température
by the use of steam. In fig. 12 6 is a thin-walled
tubular vessel containing some expansible liquid,
the movements of the surface of which are fol-
lowed by the piston k. Tbis piston works a
valve v, which controls the steam supply. The
spring / insures the return of the piston, the
movements of which are recorded by the indi-
cator i, which thus acts as a thermometer.
Nauman's thermostat consists essentially of a
double-walled bath, the space between tlie two
walls being filled with a liquid boiling at a
higher température than that required in the
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bath. In this liquid is immersed a vessel filled
with mercury, from which a small-bore tube b
passes outside the bath (fig. 13). The end of
the tube b dips into the vessel c, which is sus-
pended on one arm of a ring-formed balance
beam d. The expansion or contraction of the
mercury in the réservoir expels mercury into or

takes it from the vessel c by means of the tube b.
The conséquent movements of the balance-arm
control the size of a petroleum flame used for
lieating the bath, by means of a lever n (D. P. J.
226, 276).

D'Arsonval constructed a very delicate ther¬
mostat (fig. 14) by surrounding his oven with a
chamber completely filled with water, which is
introduced through an opening v, closed by a
screw or by a cork through which a thermometer
passes. Connected with this water chamber is
the side tube o, closed by a caoutchouc mem¬
brane. Near to the centre of the surface of the

membrane the gas-supply tube terminâtes, in a
small metallic valve-box, from which the gas is
led off to the burner by the tube d. The expan¬
sion or contraction of the large volume of water
in the outer chamber causes the caoutchouc
membrane to lessen or increase the distance
between the supply tube and its own surface,
thus forming a very sensitive valve, which con¬

trols the supply of gas to the burner. This
regulator is said to keep the température con¬
stant to 5I50 (J. Ph. [4] 26 474).

To maintain Constant higher températures
than can be employed with water, D'Arsonval
substitutes a brass tube (fig. 15), eontaining
petroleum or glycerol, for the surrounding water
chamber. The membrane is replaced by a cor-
rugated metallic plate such as would be used in
an aneroid barometer ; b is a leaden tube pro-
longing the brass tube, it is hermetically closed
after charging the tube. The chamber at the
back of the aneroid plate communicates with
the main tube by two small tubes m and n.

Several other forms of this regulator, retain-
ing the same kind of valve, have been constructed.
The valve itself has been mounted separately on
a stand, and provided with a funnel and stop-
cock to adjust the amount of liquid in the con¬
nected réservoir and the lower part of the valve,
and with a by-pass to insure that the flame be
never q uite extinguished. The same type of

valve has also been adapted to the régulation of
the flow of a cooling mixture, used for obtaining
températures below that of the surrounding air.

For an early form of regulator belonging to
this class, devised byLemares in 1835,t'.D.P J.
56, 474. In the thermostatie battery by Dibdin
and Smith, in use at tbe metropolitan gas
stations, large mercurial thermometers are em¬
ployed. The tubes by which they communicale
with the supply tube are provided with stop-
cocks, so that any one or more of tbem may be
thrown out of action. They control tbe gas
supply to the boiler connected with the bot-
water pipes.

(6) Gas thermometer regulators.
1. Acting on the gas supply througli a liquid

piston. A thermostat on this principle iras
devised by Kemp (D. P. J. 117, 352) and improved
by Westly.

Muenckehas converted the Gerhardt-Beichert
thermostat into an air-thermometer instrument

(Fr. 15, 321). The form of this instrument
made by Wiessneg has an independent con¬
tinuons gas supply.

Cresti's regulator difïers from Muencke's in
form only (Gazz. Chim. 1878 ; B. 1878, 2030).
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Bunsen's thermostat is a modification o£
Kemp's. The gas supply and exit tubes are
arranged as shown in fig. 16 ; the supply tube e
passes through a brass cylinder h, which screws
into the loose brass cap d. At its lower end is a
slit, and it is provided with a minute orifice at o ;
the exit tube f is joined on to the side of the
cylinder h, the latter being continued by the
glass tube b to the same depth as the supply
tube. The cap is fitted on a brass tube supplied
with a slit in which the tube F can slide. A
glass cylinder closed at the lower end continues
this brass tube. In the lower part of this glass
vessel is a glass air-chamber opening downwards
and closed by the mercury contained in the
cylinder ; this air-chamber preferably takes the
form shown at o. The expansion of air in
the chamber causes the mercury to rise in the
cylinder, and thus partially closes the slit ; the
position of the slit is regulated by the screw cap
till the required température is attained. The
minute orifice o insures that the gas supply
should never be completely eut off (D. P. J. 143,
312).

An improved Bunsen-Kemp regulator by
Schorer separates the air-thermometer réservoir

Fis. 17.

from the valve, as shown in fig. 17. This device
enables the instrument to be used for high
températures (Fr. 9, 213).

J. Martenson's regulator is on the same
principle (C. C. 1872, 513).

Bunsen's low-temperature regulator has a
larger air chamber, and is provided with a side
tube and stopeoek, by means of which the
amount of mercury présent can be readily altered
(Desaga's Catalogue). Pontallie divides the gas
supply after passage through a Bunsen's regu¬
lator, using one part to heat the regulator only,
the remainder heating the bath. As these
quantities are in exact and determined propor¬
tion, the température of the bath is maintained
constant when that of the regulator does not
vary.

Guthrie's thermostat consists of a U-tube,
into which is fused a Kemp tube, provided with
a side arm fused on at an acute angle, and bent
parallel to the arms of the U-tube. The ex¬
pansion of the air in the bulb causes the mercury

to partially interrupt the communication be-
tween the two arms of the U-tube, which serve
as supply and exit tubes respectively. Adjust-
ment of the mercury level is made by means of
a piston in the side arm (P. M. [4] 36, 30).

D'Arsonval adapted his thermostat for use
at températures between 150° and 1,200°C. by

Fia. 18.

substituting an air réservoir for the petroleum
réservoir employed at lower températures. The
réservoir was made of glass or porcelain. The
aneroid valve was at the same time furnished
with a lever-arm and weight p, by means of
which the pressure on the lower surface of the
aneroid plate could be more or less compensated,
and the amount of gas supplied altered at will
(fig. 18 ; J. Ph. [4] 26, 474).

The form of air-thermometer thermostat in-
vented by E. H. von Baumhauer differs in

Fia. 19.

several particulars from most others of this
type (see fig. 19). A is the air-vessel fixed on to
the tube b, which is carried nearly to the bottom
of a, and there ends in a somewhat contracted
opening. The tube b is closed above by a
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metallic stuffing-box, through which slides a
graduated tube c, eut off at an angle at its lower
extremity. The caoutchouc Connecting tube f,
joined to the tube c, works over a pulley r, sup-
ported by the stuffing box. Gas enters the in¬
strument at the side tube e, passes down b, and
through c and f to the burner. Mercury is
placed in the tube a in sufficient quantity to seal
off the air space at the highest température for
which the instrument is required to be used.
Expansion of the air in a forces mercury up b,
and cuts off the gas supply in the usual manner.
Complété extinction of the flarne is prevented
by a small supply of gas passing through the
hole o.

An arrangement is also figured by means of
which the graduated tube c can be screwed up
and down as may be required for adjustment of
the llame (Fr. 24, 42).

Other forms are due to Clowes (C. J. 24,639,
1871), Kiigheimer (B. 20, 1, 1280, 1887), and
Kalecsinsky (Fr. 25, 190) and Tollens.

2. Acting through electrical arrangements.
Pfaundler devised the apparatus illustrated by
fig. 20. v is an air réservoir weighted with
mercury and sunk in the bath, of which the

'Stf.

Fia. 20.

température is required to be constant. This is
connected with the wider limb of the manometer
m m containing mercury. The mercury in this
limb is permanently connected through the wire
sgn, and the electro-magnet of the valve with
one pôle of the battery k.

The mercury in the narrow limb is connected
with the other pôle of the battery, whenever by
the expansion of the air in v it may be forced
sufficiently high to form contact with the ad-
justable wire t. The valve-box is an hermetically
closed vessel l, into which the gas-supply tube 6
opens, and from which the gas is eonducted to
the burner through the tube a. The flow of gas
through a is controlled by a plate valve d,
carried by the armature x of an electro-magnet e e.
The play of the valve is regulated by the screw-
stops p and g. When the required température
is reached, the current closes the valve, which
reopens as soon as contact is broken in the
manometer. The regulating stop q can be so
set that the valve never quite closes, and hence
the flame is always supplied with sufficient gas
to prevent extinction (Carl's Bep. 18, 443).
V. aîso Martenson, C. C. 1872; 513.

3. Acting through mechanical arrangements.
Jeannel's thermostat (fig. 21) is an air-ther-

mometer thermostat in which the air réservoir
consists of a metallic vessel of 300-400 c.c.

capacity. This is connected with one limb of a
U-tube containing glycerol. In the other limb
a float a carries a steel needle working loosely '
in a fine caoutchouc tube o. By a rise of the

$
Fia. 21.

liquid in f, the float, guided by the steel needle,
brings the flat upper surface of the sealing-wax
h, in which the needle is mounted, near to the
mouth of the tube o, thus forming a valve con-
trolling the current of gas from the supply tube i
to the exit tube p, of which o is a continuation.
The pressure of the air in a is modified at
pleasure by means of the caoutchouc pump s,
with which connection is made through the tap
b on a side tube (A. Ch. [4] 25, 386). Bendixand
Lohse (Germ. Pat. 14,242, 1880; B. 14, 2,6086),
and Bechem (Germ. Pat. 18,077, 1881 ; B. 15,
1,226a) have also devised self-acting thermo-
regulators of this type.

An apparatus arranged by W. T. Bichmond
présents some novel features. This thermostat

Fia. 22.

consists of an air-thermometer, immersed in
the bath of which the température is required
to be kept constant, acting through a mercuiy
column on an eleetric valve of peculiar con-
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struction, by the eompletion or interruption of
an electric circuit. The mercury make and
break is shown at a, fig. 22, one pôle being in
connection with the mercury at the bend ot the
(J-tube, by means of a platinum. wire fused
through the glass and dipping into a mercury
cnp outside to diminish the chance of breakage,
the other connecte! with a straight platinum
wire fused into a thick-walled glass tube passing
down the outer limb of the (J -tube. This limb
is provided with a serew-eap, whieh may be closed
gas-tight ; the instrument is then independent of
stmospheric variations of pressure and tempéra¬
ture; it is to reduce the volume of the air
amenable to the latter irregularity that the thick
glass tube is placed round the platinum wire.
There is a regulator cap and screw attache!
between the (J-tMie and the bulb, which is
screwed down when the required température
is reached ; any further expansion of air in the
bulb forces the mercury up the outer limb, com¬
plétés the circuit, and thus calls the valve into
play.

The valve is shown at n, fig. 22. An electro-
magnet a depresses a valve when the current is
made ; when the current is broken the arm b is
raised by the spring c. The valve itself consists
of a T-piece, supporte! by one arm on the centre
of a sheet of india-rubber stretched over the
mouth of a funnel. The leg of the T-piece is
connected with a flexible caoutchouc tube pass¬
ing gas-tight through a hole drilled in the side
of the funnel, and joining the gas-supply pipe d.
The other arm of the T -piece opens just above
the surface of some mercury in a small cup sup-
ported on a screwed rod passing loosely through
the neck of the funnel, and working in the loose
nut placed in the angle of the funnel ; its height
can iience be adjusted as required. The gas
passes through the leg and lower arm of the
T -piece, and is carried off to the flame through
the tube of the funnel. When the température
passes the assigned upper limit the current is
made, 6 is depressed by the magnet a, the
T-piece is forced down on to the surface of the
mercury, and thus the gas supply is eut off.
A small hole drilled in the T-piece allows a
sufficiency of gas to pass to prevent extinction
of the flame (Am. 5, 287).

(c) Vapour-tension thermometers.
1. Airand vapour. Andreœ'sthermo-regulator

is a Kemp thermostat in which the expansion of
the air in the réservoir is increased by the addi¬
tion of a small quantity of some readily volatile
liquid. Such liquids as ether, alcohol, acetone,
petroleum ethers, and water may be employed
for the purpose. Ether is particularly suitable,
on account of the rapid inorease of its vapour
tension with increase of température. A thermo¬
stat of this form will maintain the tem¬
pérature of a water-bath constant within
0-04-0-05°C. (W. 4, 614).

To Lotkar Meyer is also due the application
of the same principle (B. 16,1088).

Benoit's thermo-regulator has the th.ermo-
meter réservoir separated from the valve, connec¬
tion being made by means of a caoutchouc tube
containing mercury.

The réservoir consists of a thin tube, drawn
out at one end for convenience in filling, which
contains a small quantity of air, and a few drops

of some volatile liquid ; the remainder of the
spaee in the tube is occupied by mercury in con¬
nection with the mercury in the valve by means
of the caoutchouc tube. The valve differs some-

what from the ordinary form. It is provided
with a side tube a (fig. 23), by which a small
arnount of gas can directly pass from the supply
tube x to the burner tube y. Mercury can be
added by means of the side tube b, or withdrawn
from the cock o to adjust the level within the
valve. The whole is mounted upon a sliding
board, fixed by the clamp-sorew h, at any con-
venient height (Wied. Beibl. 4,296; Guillaume's
Thermométrie, p. 130).

2. Vapour in contact with its crwn liquid only.
The instrument devised in 1886 by G. W. A.
Kahlbaum belongs to this olass. There is the
usual mercury valve, the supply tube being
bevelled off at the open end at an angle, and
having a small hole opposite the exit tube to
provide against total extinction of the flame. It

may be adjusted according to the température
required by the raek and pinion shown (fig. 24).
The other limb of the U-tube contains a liquid
of boiling-point just below the température re¬
quired in the bath or oven. Eor faeility in
changing the liquid, this end of the tube is
closed by a tightly-fitting cork held in place by a
clamp working against an india-rubber seat fixed
on the collar of the glass tube.

The température rises just above the boiling-
point of the liquid œ, a portion of this volatilises,
and mereury is foreed up the limb a ; the pres¬
sure on the liquid being now greater, its boiling-
point is raised, and the température must in¬
crease for further volatilisation to occur. Owing
to the rise of mercury in a, the gas supply is
dimiuished, and henee the température falls.
Conséquent on the fall of température, a portion
of the vapour condenses, the valve is opened to
a greater extent, and the température again rises.
These actions soon reaoh a point of equilibrium,
and a constant température iB then maintained
(B. 19, 2860b).
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(d) Thermostats depending upon the differ-
ential expansion of solid bodies. Bonnemain
(D. P. J. 16, 285) and Ure (D. P. J. 42, 173) have
devised regulators depending upon the expansion
of simple or compound metallic bars.

Hipp's thermostat is only available for tem¬
pératures between 30° and 40°C (see fig. 25). It
consists of a copper vessel k, surmounted by a
wooden box o, having glass front and back. A

Fig. 25.

System of tubes on the walls of the oven com-
municate with the vessel k, and serve for the
circulation of the water heated in that vessel.
They are provided with openings for filling in
water, and to serve as escape vents in case the
water may be aecidentally boiled. The tempéra¬
ture is controlled by a regulator consisting of a
bent compound metallic bar fixed upon the back
wall of the oven at a ; the free end b is eonnected
by a copper wire with the levev k working a
conical valve v ; z is a regulating screw, by
means of which any desired initial opening of
the valve may be obtained ; s is the gas-supply
tube, and t draws off gas for the burner from the
valve-box H (D. P. J. 191, 366).

Lothar Meyer in 1884 devised a sensitive
température regulator on this principle (fig. 26).
It consists of a long brass tube placed vertieally
in the bath, and closed at its lower extremity ;
in this tube a slightly longer glass rod is placed.
The tube supports a rod carrying a movable

lever-arm a, from which dépends a floating valve
b. The valve may be placed at varying distances
along the lever-arm a, so that the différence be¬
tween the expansions of the brass tube and glass
rod may be magnified to a greater or less -extent
in the amount of movement imparted to the
valve. The supply tube is a narrow-bore tube
passing up the arm x of the valve working in
the glycérine seal tube m. The supply tube and
seal may be adjusted to any required height. A
precisely similar arrangement allows of the
drawing off through o of the gas for the burner.
The valve z is essentially a Bunsen mercury-and-
slit-tube valve. The mercury vessel is adjustable
to any required height (B. 17, 478a).

L. von Babo arranged a gas regulator, in
which the control valve dépends for its action
upon the unequal expansion of glass and copper.
In fig. 27, a is a copper tube, b a glass rod. The
valve x, which régulâtes the flow of gas from the
supply o to the burner tube e, is fixed in p

Fia. 27.

by the glass rod b, against which it is presse!
by a spiral spring o. The screw d serves to
adjust the position of the glass rod, and renders
it possible to obtain a greater or smaller supply
of gas at will. As the température rises, the es-
pansion of the copper tube being greater than
that of the glass rod, the valve x is pressed bj
the spring o nearer to its seat, and so there is
less gas supplied ; the température then falls, ani
the valve partially re-opens, and so on (B. 13,
1221a).

Kohlrausch employed a Breguet's metallit
thermometer to make and break an electric ent¬

rent, which heated a fine
platinum wire (P. 125, 626).

Bieth's instrument con-

sisted of a compound metal¬
lic bar working a cone valve,
supplied with a regulator
screw (C. C. 1871, 615).

(e) Other meclianical re¬
gulators have been devised
by J. W. Bichler and H.
Hartig (Germ. Pat. 5,492,
6, Nov. 1878), and by Appold,
whose instrument was a

balance regulator (Pr. 15,
144, 1866).

The invention of G. J.
Meurlin (Germ. Pat. 4,703,
27, Aug. 1878) consists of
a self-regulating cone valve
to control the pressure of a
gas supply, and hence the
température of a space heated by the flan;
The pressure of the gas in the chamber a rais
the cone b (fig. 28), partially closing the holcc
the plate te, and thus restricting the curreit
The hole in the summit of the cone b prevetï
extinction of the flame.

Detailed information concerning many :
these forms of apparatus is given by J. T. Bros:,
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Température Regulators; Laspeyres, P. 152,
132 ; and H. Hammerl, Carl's Rep. 18, 1882.

W. T.
THIET-SIE. A résineras substance used as

a varnish by the Burmese. It exudes from a
tree in form of a light-brown, yery viscid liquid
of the consistenee o£ treacle, but on exposure
to the air for a few minutes becomes quite
black and hard on the surface. The same

change takes place instantly in contact with
caustic potash. The resin spread in a thin
layer on wood or other solid bodies quickly
forms a hard deep-black coating of great
brilliancy. On digesting the unaltered substance
with alcohol of 80 per cent, at a gentle heat, the
greater part gradually dissolves ; and on de-
canting the clear liquid from the insoluble
residue, and distilling ofï the alcohol, there
remains a very tenacious gummy residue of a
rich-brown colour, winch undergoes no change
of colour on exposure to the air, but very slowly
hardens. In contact with caustic potash, how-
ever, it blackens like the original substance.

The residue, insoluble in alcohol, dissolves
for the most part in ordinary ether, forming a
dark-brown solution, and leaving a light-brown
solid resin. The ethereal solution, when evapo-
rated,leaves a residue which, on exposure to the
air, instantly becomes quite black, and after a
short time nearly solid. This, then, is the
portion of the original substance to which the
property of blackening on exposure to the air is
due.

The solid resin, insoluble in alcohol and ether,
which forms but a small part of the original
substance, is quite unalterable in the air. When
heated with nitric aeid, it yields a crystalline
sublimable acid, exhibiting the characters of
6uccinie acid (H. Watts).

THI0CKES0LS v. Phénol and its homo¬

logues.

THIOCYANATES v. Cyanides.
THIOFLAVINES. Whenjj-toluidine is heated

with sulphur it yields bases oontaining sulphur,
and these, when converted into their methyl,
ethyl, or benzyl derivatives, give yellow colour-
ing matters. The following example illustrâtes
the method employed : 24 kilos, of the sulphur
base from p-toluidine are heated in an autoclave
with 30 kilos, of methyl alcohol and 12 kilos, of
hydrochlorio acid of 1T6 sp.gr. for 12 hours to
170° ; the whole is then boiled with water, when
part of the produet dissolves, and after filtration
is precipitated by the addition of sait. This
formsabasiccolouring matter which dyes cotton,
mordanted with tannin and tartar-emetie, a
bright yellow. It belongs to a group of colouring
matters to which the name Thioflavine T is
given. 25 kilos, of the produet, insoluble in
water, are dissolved in 70 kilos, of sulphuric
acid, 10-12 kilos, of sulphuric acid containing
60 per cent. S03 are added, and the whole raised
to 80°. When the sulphonation is complété, the
melt is poured into cold water, which précipi¬
tâtes the sulphonic acid. This is dissolved in
an alkali, and precipitated with sait and dried.
The new colouring matter belongs to the group
Thioflavine S, and dyes unmordanted cotton a
bright yellow from an alkaline bath. Dyestuffs
belonging to the Thioflavine S group may also
be obtained by alkylating the sulphonic aeids of

Vol. III,-T

the sulphur bases from ja-toluidine (S. C. 1. 8,
771).

THIOLINE v. Abietene.
THIONINE V. methylene blue.

THIOPHEN. Thiofurfuran
CH—CH

C4H4S = || Il
CH CH'
\/

S
Discovered by Victor Meyer in coal-tar henzene,
which contains about 0-5 per cent, of thiophen
(B. 16, 1465 ; S. C. I. 1883, 325). In order
to extract the thiophen, a large quantity
of the best commercial benzene was shaken for
some hours with one-tenth of its volume of con-

centrated sulphuric acid, the black acid layer
separated, diluted with water, and converted
into the lead sait of the sulphonic acid thus
obtained. This lead thiophen-sulphonate, which
was contaminated with lead benzene-sulphonate,
was dried, mixed with one-fourth of its weight
of ammonium chloride, and distilled. The sul¬
phonic acid was thus hydrolysed, and an oil
passed over which was purified by shaking with
caustic alkali to remove mercaptans, dried over
calcium chloride and rectified. The rectified
oil boils at 84°.

K. E. Schulze (B. 18, 497) recommends that
the thiophen-sulphonic acid, after diluting the
crude acid with water, should be hydrolysed by
steam-distillation.

Thiophen has been artificially prepared by
numerous methods : amongst others by passing
ethylene or acetylene into boiling sulphur
(Victor Meyer a. Sandmeyer, B. 16, 2176) ; by
heating succinic anhydride with phosphorus
pentasulphide, or better, sodium succinate with
phosphorus trisulphide (Volhard a. Erdmann,
B. 18, 454 ; Eriedburg, A. C. J. 12, 83, 90 ;
S. C. I. 9, 1062) ; and in the same way from
erythrol and phosphorus pentasulphide (Paal a.
Tafel, B. 18, 688).

Liquid, with a faint smell. Boils at 84°
(cor.), sp.gr. at 0° =1-08844. Gives with isatin
and sulphuric acid a blue colouring matter—
indophenin C.jHjNOS (test for thiophen in
benzene). Thiophen gives similar coloured con¬
densation products with ail compounds contain¬
ing the group CO.CO.

Both in its physical properties and in its
chemieal réactions, thiophen clo.sely resembles
benzene. Benzene boils at 80°, thiophen at 84°.
The halogens, nitric aeid, and sulphuric acid
react with thiophen, yielding substitution pro¬
ducts corresponding with those of benzene,
excepting that thiophen, owing to its unsym-
metrical constitution, forms two sériés of
mono-substitution compounds—a- compounds, in
which a hydrogen atom adjacent to sulphur is
replaced, and 0- compounds, in which the sub¬
stitution takes place with a hydrogen atom in
the meta- or /3- position to sulphur. By treating
a mixture of iodo-thiophen and methyliodide
with sodium, methylthiophen (thiotolene) can
be obtained. Both the methylthiophens oecur
in coal-tar. Methylthiophen, on oxidation with
potassium permanganate, is converted into
thiophen-carboxylic acid—an analogue of benz-
oic acid. Nitrothiophen, like nitrobenzene,
yields, with reducing agents, the corresponding
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amido- compound. Ditkiënyl (Cjïî3S)2 is formed
when the vapour of thiophen is passed through
a red-hot tube, just as diphenyl (C6H5)2 is formed
under these conditions from benzene.

/G,H3S
Tliiopben green C(OH)^-CsH4.]Sr(CH3)„.

\C6H4.N (CHa)2
This compound, which was discovered by L. E.
Levi (B. 20, 513; S. G. I. 1887, 505), is
an analogue of malachite green. The leuco-
base CH(G1H3S)[C6HrN(CH3)2]2 is first prepared
by heating one part of thiophenaldehyde
C4H3S.CHO, two parts of dimethylaniline with
a little alcohol, and three to four parts of zinc
ehloride together for six hours, adding the zinc
chloridegradually, and, if the mass beeomes thick,
diluting slightly with water. The product is
made alkaline with caustic soda, steam-distilled,
extracted with ether, and the crystalline residue
which is left on evaporating the ether recrystal-
lised from alcohol. This crystalline leuco- base
is then oxidised with manganèse dioxide and
dilute sulphuric acid, when it yields thiophen
green. The colouring matter is extracted with
hot water, filtered from manganèse dioxide, pre-
cipitated with ammonium ehloride and ammonia,
and extracted with ether. It is, as represented
by the formula, the carbinol corresponding with
the leuco- base. Like malachite green, it forms
a double sait with zinc chloride. It dyes silk and
wool a shade very much like that of malachite
green, but somewhat yellower.

W. Krause (Internat. Monatschr. f. Anat. u.
Physiol. 4, 2 ; S. C. I. 1887, 507) reeommends
the use of the zinc double sait of thiophen
green for staining sections, especially as a com-
plementary colour to carminé. It dissolves
readily in water, alcohol, and chloroform, but is
insoluble in benzene. E. B. J.

THIOPHENOL v. Phénol and lis homo¬

logues.

THIORESORCINOL v. Phénol and its

homologues.

THIOSTANNIC ACID v. Tin salts and

oxides.

THOEITE v. Thobium ; also Cerium metals.
THORIUM. Sym.,Th. At.wt. 231-87(Kriissa.

Nilson). Thorium occurs in thorite, orangeite,
monazite, joyrochlor, euxenite, and other minerais
containing metals of the cerium group.

It has been obtained as a grey powder of
iron-grey lustre when burnished, and sp.gr.
10-968 (Nilson), and in minute, brittle, almost
infusible crystals of the cubical System
of sp.gr. 11-23 (Nilson). Thorium is un-
alterable in air below 120°, but burns
brilliantly below a red heat, with formation of
the white oxide. It is without action on water,
and dissolves slowly in dilute sulphuric and
hydrochloric acids, more rapidly in coneentrated
hydrochloric acid, but is insoluble in alkalis. It
combines directly with sulphur.

Thorium belongs to the group of metals
containing tin, titanium, and zirconium. It
forms a white oxide Th02, which has been used
with zirconia in the cap of Welsbach's incan¬
descent gas-burner (v. Zirconium). According
to Clève, a higher oxide Th207 also exists. A
disulphide, tetrachloride, tetrafluoride, and sul-
phate and other salts are also known.

THORN APPLE v. Datura.

THSING-HOA-LIAO. A Chinese name for a

cobaltiferous aluminie silicate used in the manu¬

facture of porcelain ; also applied to a cobalti¬
ferous manganèse ore used for producing a blue
colour on porcelain.

THULIUM v. Cerium metals.

THYME CAMPHOR v. Camphob.
THYME OIL v. Oils, essential.
THYMOL v. Camphors ; also Phénol and its

homologues.

TIERS ARGENT v. Aluminium.
TIGER EYE v. Crocidolite.
TIGLIC ALDEHYDE, TIGLIC ANHYDRIDE

v. Guaiacum, art. Besins.
TIL or TEEL OIL v. Sesahé oïl.

TILE ORE. An earthy variety of native
cuprous oxide.

TIMA. A médicinal préparation imported
from Tampico as a remedy for phthisis. Is
prepared as a syrup by boiling the fruit ol
Crescentia eclulis with sugar, and mixing the pro¬
duct with almond oil (Ar. Ph. [3] 107, 375).

TIMBO. The name of a nareotic medicine,
the root rind of the Conchocarpus Peckolti.
The rind appears in the form of tubes or rolls,
is bright reddish-brown on the outside and
yellowish on the inside. The outer and middle
rind break off short, but the inner rind has a
long fibrous fracture and the interior colour is
whitish. It possesses a weak aromatic taste
somewhat like cascarilla bark, but has no spécial
odour. A cross-section shows an interrupted
yellow zone near the outer side, whilst the inner
rind is faintly streaked in radiating lines. Some
of the cells contain crystals of calcium oxalate
(Chem. Zeit. 11, 315 ; S. C. I. 6, 560.

TIN. Sym., Sn. At. wt. 117-35. Tin was
known and prized in the earliest historié âges,
for it is mentioned without comment as one ci
the common metals in the days of Moses
(Numbers xxxi. 22), and was an important corn-
modity in the fair at Tyre ; numerous bronze in¬
struments of very early date have also been dis¬
covered in Assyria, and particularly by Layardin
the ruins of Nineveh. Many of these bronzes are
now preserved in theBritish Muséum. The tins»
employed was obtained by the Phœnicians from
Cornwall and the Scilly Isles in this country,
and from the mountains of Spain, and there is
no evidence of the occurrence of tin in those
countries in which, in ancient times, the métal
was most largely used. Pliny appears to have
been familial- with tin, and states that it occnrs
in grains, in alluvial soil, from which it is ob¬
tained by washing. These grains, he further
states, are blaek, and their metallic character
can only be recognised by their great weight.
Though tin was regarded by the ancients as one
of the baser metals, its cost was greater in the
days of Homer and Pliny than at présent, for in
the days of the latter of these writers an avoir-
dupois ponnd of tin cost 8s. 1\d. sterling, or
about 9^ times its présent value. The uses of
tin among the Romans were similar in many
respects to those of the présent day. It was
chiefly employed in the form of an alloy with
copper, on account of the hardness imparte!
to the alloy by a comparatively small proportion
of tin, and some of the very earliest known
bronzes agree closely in composition with those
used for similar purposes at the présent day.
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Tin was also used with lead by the Romans for
the production of solder, and for tinning the
inside of copper and brass vessels, in which art
the Roman workmen appear to bave attained
considérable skill. Alloys containing more tin,
corresponding somewhat to the modem spéculum
vidai, were used by the ancients for mirrors, but
the art of tinning iron does not appear to have
been discovered till a much later date. For
further détails v. Thomson's Hist. of Chem.,
i. 69 ; also art. Tin in Chemistry Applied to
Arts and Manufactures.

Occurrence of tin. Tin oecurs in eompara-
tively few localities, never in the native state,
and in but few forms of chemical combination.
The most important ore is tinstone or cassiterite,
the dioxide of tin (Sn02), which is met with in
two principal forms, crystallised and massive.
The crystals are of the regular prismatic or
tetragonal system, isomorphous with those of
rutile, and are frequently well formed and of
tolerable size. Tinstone in the usual or massive
form is a dark reddish-brown or slaty-coloured
very heavy minerai, which occurs in Cornwall in
veins which usually run nearly east and west,
and in which the tin ore is associated with
arsenical pyrites, sulphide of copper, wol¬
fram, and a great variety of other minerais.
Tin usually occurs in plutonic or metamorphic
rocks, such as granité, felspar, porphyry, or clay
slate, but by the action of denudation on these
older rocks grains of tinstone are frequently met
with in the neighbouring alluvial deposits, and
this variety of ore, which is of spécial purity and
now almost entirely exhausted in this country,
is known as ' stream tin.' The métal also
occurs in small quantities as tin pyrites (SnS2).
The largest quantities of tin are now produced
in the island of Banea (' Straits tin ') and in
Britain. Smaller though considérable quantities
are met with in Germany, Austria, Siberia, New
South Wales, and Bolivia. For some years past
reports have been circulated which state that
immense deposits of tin ore have been discovered
in the United States, in Bakota, and elsewhere,
but up to the présent (January 1892) only
expérimental work bas been carried on in the
districts mentioned, and no influence has yet
been produced upon the world's supply of tin'
(v.Iron, 37, 512).

Production of tin. The metallurgy of tin is
in its main features simple, but the mechanical
préparation of the ore involves more skill and
labour than is the case with any of the other
common metals. So much, in faet, is this true
that success in the extraction of tin frequently
dépends more upon the captain of the mine, who
6uperintends the dressing of the ores, than upon
the smeiter. On account of the high price of
tin, which for some time recently has averaged
nearly 1001. per ton, and the relatively high
density of tinstone, it is found practicable to
work ores which in the first place contain com-
paratively little tin, ores which contain only
O'ô per cent, of tinstone being sometimes pro-
fitably worked. The principle adopted in the
mechanical séparation of tinstone is very simply
illustrated in the opération of ' vanning,' which
is frequently used in Cornwall and elsewhere as
an approximate test of the richness of an ore.
A quantity of the crushed material is placed in

a miner's shovel of spécial shape, known as a
vanning shovel, water is added, and then by
means of a circulai' motion which is imparted to
the shovel by thehands, aidedby apeculiar jerk
of the wrist, the ore is ultimately almost com-
pletely separated from the earthy matter, and
can be dried and weighed. On the large scale
the ore is first picked and assorted, and then
broken by suitable rolls or stqne crushers. The
roughly-powdered ore is carefully assorted, and
then fed into a mill containing a battery of
stamps, of which there are many varieties in
use. Each stamp weighs some 3 cwt., the face
of the stamp being either steel or chilled cast
iron. By means of suitable cams on a revolving
wheel the stamp is raised at regular intervais,
and allowed to fall upon the ore which is con-
tained in the box or coffer of the stamp. A
supply of water flows through the boxes and
escapes through perforations, carrying away the
finely-crushed ore, wliile the larger pièces remain
in the box to be further crushed by the stamp.
The finely-powdered ore now passes to some
form of buddle, which more or less eompletely
separates the earthy matter. Probably the
simplest form of such apparatus, of which there
is endless variety, is the inclined plane with
ridges or ' riffles ' placed at right angles to its
length. On such a plane the heavier particles
naturally remain, the rieher fragments being
deposited principally at the upper part of the
buddle, while the earthy matter, with some ore,
passes away. But such a simple form of buddle
is now seldom used, and a considérable number
of improvements have been from time to time
proposed. Thus the inclined plane is made
movable, and either a jerking or a rocking
motion is imparted to it, and this is found to
give better results than the fixed form. But
buddles of a circulai' shape have met with con¬
sidérable favour in recent years, one form
(Borlase's) being a circular concave buddle fed
from the outside and discharging the slimes from
the middle ; but the variety generally preferred
in Cornwall is that of a very flat cone, the water
and ore being distributed either by a revolving
spout, near the apex of the cone, or by means of
a smaller and more acute distributing cone. The
waste liquid from the buddle is led into a suc¬
cession of tanks or pools, where it is allowed to
settle in order to recover the finer portion of the
ore, which would otherwise be lost, and the
slimes thus obtained are worked over again from
time to time.

In dressing tin ores it is important that they
should not be too finely crushed, or the gangue
will be removed with greater difficulty. The ore
should be as far as possible separated into par-
cels, the fragments in each being of uniform size,
and the method of treatment is varied with the
fineness of the material ; in no case should the
ore be crushed more than is necessary to sepa-
rate the matrix. These facts form the basis of
ail successful ore dressing.

Réduction of tin. From the point of view of
the tin smeiter, ores of tin may be divided into
two classes, first those of tolerable purity, which
may be directly smelted in the furnace, and
secondly a less important elass of ores, which,
from the fact that they contain notable propor¬
tions of copper, arsenic, sulphur, or wolfram, re-
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quire to be ïurther treated, after dressing, before
smelting. Ores which contain arsenic or sulphur
are roasted in large calciners at a low tempéra¬
ture, and rabbled at intervais until the greater
part of the sulphur and arsenic has been re-
moved ; the mass is then withdrawn, and, after
being exposed for some time to the action of the
atmosphère, is washed, to remove the oxide of iron
and other lighter matters from the heavy oxide
of tin. Ores which contain mueh wolfram are

heated with sulphate or carbonate of sodium in
a reverberatory furnace, by which soluble sodium
tungstate is produced, and can be removed by
washing from the unaltered oxide of tin. That
this process (Oxland's) is not now carried on to
any considérable extent may be assumed from the
fact that the ' Minerai Statistics ' show in 1886
a production of only 11 tons of sodium tungstate,
and this amount fell in the following year to
1 ton. The ore having been purified by one or
other of these processes is ready for smelting in
the ordinary way. The réduction of the métal
from the ore is always aecomplished by heating
with carbon, which opération may be performed
either in a reverberatory furnace, as is the cus-
tom in this country, or in small blast furnaces
such as are used to a limited extent in Germany.

Tin smelting in England. The furnace em-
ployed for the smelting of tin in this country, and
in fact pretty generally elsewhere, is a reverbera¬
tory, with a fireplace at one end and a stack at
the other. At the front is a single working door,
while at the baek is a tapping hole which is
closed during the smelting, but which when the
opération is concluded serves to convey the métal
into a ' float ' or eircular iron pot lined with clay.
The bed of the furnace is about 18 feet long by
9 feet broad, and slopes to the tapping hole. The
fireplace is about 2 feet broad, and the firebridge
is of firebrick and some 14 inches high. The
roof is low, and slopes uniformly from the fire¬
bridge to the stack.

The charge of ore,which weighs 20 to 25 ewts.,
is mixed with rather less tban one-fifth of its
weight of anthracite powder, and spread uni¬
formly over the furnace bottom. If the ore is
refractory, a little fluorspar or lime is added as a
flux. The door is then closed and luted up, and
the température gradually raised for five to six
hours, when the door is opened, the mass rabbled,
and a quantity of powdered anthracite or ' culm '
is thrown on the surface of the charge. After heat¬
ing for about another hour, and a further rabbling,
the métal is tapped. Part of the slag produced
is thick and is raked out of the furnace, while the
remainder is more fluid, flowing out with the
métal, and is called ' glass ' by the smelter. The
slag consists essentially of ferrous silicate, and as
it frequently contains a considérable amount of tin
it is melted again when the furnace is at liberty.

• Small blast furnaces, which were previously
used in this country, have survived longer in
Germany, and are also employed by the natives
of India. The waste of métal is mueh greater
than in the reverberatory, while the cost of fuel
(charcoal) is also greater than in England, but the
tin obtained is stated to be of excellent quality.

Befining. The refining process consists of
two parts, a preliminary liquation, and the re¬
fining proper. The liquation is conducted in a
furnace ofsimilarshape to the reverberatory above

described, and about 18 tons is operated uponat
once. The température is carefully regulatcdso
as to just melt the purer tin, which gradually
flows away into a separate pot or ' kettle,' while
the impurities, consisting of iron, arsenic, copper,
sulphur, and traces of many other elements, to-
gether with some 20 p.c. of tin, remain in the
form of a hard, brittle, white, semi-metallic mass
known as hard-liead. The purer métal which
has collected in the kettle (which is heated by a
small separate fire) is now refined by plunging
billets of green wood under the surface of the
melted tin. A quantity of gas is evolved from
the wood, and violently agitâtes the métal, gradu¬
ally separating a scum which contains the im¬
purities originally présent in the crude tin. The
same resuit is sometimes attained by ' tossing '
the melted métal in ladles from a height of seve-
ral feet and allowing it to fall into the kettle ; in
this way the métal is also exposed to atmospheric
influences, and a scum separates as before. The
refined métal is sold as grain, refinei, or
common tin, according to its quality, though
ail tin met with in commerce has been more or

less refined. For refined tin purer ores are
employed, the refining is continued longer,
and after poling the métal is allowed to
stand some time, and only the upper or
purer portions are used. The second or ordi¬
nary quality, when cast in suitable moulds,
is known as block tin. A simple test of the
commercial quality of tin is to melt the métal at
a moderate température, and to pour it into an
ingot mould. The ingot, if of good quality, should
be smooth, bright, and rounded, and should re¬
tain this appearance on solidification ; if impure
it will have more or less sharp edges, and will
' frost ' over on solidifying, while very impure
métal will be tinged with yellow or purple, ac¬
cording to the amount and nature of the impuri¬
ties. Grain tin is produced by heating blocksof
refined tin to a température a little below the
melting-point of the métal, at which point it
becomes very brittle, and is broken either by
dropping from a height or by a blow of a hammer.

Uses of tin. The manufacture of tin plates
absorbs more tin than any other industry, and of
this a separateaccount willbegiven. Tinisalso
largely used for alloying with copper to produce
bronze, bell métal, and spéculum métal, while
in combination with other metals tin produces a
number of useful alloys, to be aftenvards de¬
scribed, among which may be mentioned pewter,
Britannia métal, plumber's (or soft) solder,
Queen's métal, type métal, fusible métal, &e.
Though tin is comparatively brittle at ordinary
températures, it becomes very malléable at about
100°C-, and can then be rolled into thin sheet or
foil, for which there is a considérable application,
and which was formerly mueh used, in the form
of an amalgam, for the ' silvering ' of mirrors.
On account of its power of resisting atmospheric
influences and the action of vegetable acids, tin
is also used for the manufacture of pipes for
brewers, distillers, and other purposes. For simi¬
lar reasons lead pipes are sometimes tin-lined.
Pots, pans, kettles, and other culinary utensils
are frequently tinned inside. The process is very
ancient, and extremely simple. The surface of
the vessel to be tinned (which may be of copper,
brass, or iron) is carefully cleaned and brightened,
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and a little ammonium ehloride (patented for this
purpose by John Bootie in 1768) is often rubbed
over tbe surface. Some tin and a little powdered
resin is now melted in tbe vessel, and is wiped
over tbe surface with tow. By this means
a skilful workman rapidly produces a uniform
coating of tin, which resists considérable wear,
and yet weighs, according to the experiments of
Bayen, less than a milligramme per square inch
of surface. No wonder that Pliny states, with
surprise, that copper when tinned does not in-
erease in weight ! Tin salts are also used for
tinning brass and copper wire, and as mordants
in dyeing.

The average production of tin in Britain in
recent years is about 10,000 tons per annum ;
the price is subject to considérable fluctuations,
but may be taken as about 1007. per ton. In
December 1887 this rose to 1677. for colonial tin,
while the average price in 1878 was only 627. per
ton. ïn 1889 only three British mines produced
over 50,0007. worth of tin ore, viz. : —

Dolcoath
Carn Brea .

East Pool .

£114,029
61,950
56,060

The imports in the same year were as follows :—
Prom Straits Settlements . . £2,023,254

„ New South Wales . . 606,104
„ Other countries . . 167,916

Total value . £2,797,274
Tbe exports for the same year were valued

at 1,629,1397. ; this, with English production,
wouldleave about 2,000,0007. for home consump-
tion, of which probably about one-half was used
in the tin-plate trade.

Alloys of tin. The alloys of tin are of
great practical importance, and have naturally
attracted considérable attention, though it is to
be regretted that aceurate information is still
muchwanted in respect of many of their physical
and other properties. Por convenience of study
the alloys of tin may be divided into two classes,
the first in which the properties of the resulting
alloy is entirely différent from the mean of the
constituents, while the second class includes
those alloys some of the most important pro¬
perties of which agree very closely with what
might be anticipated from the properties of the
constituent metals. The first class is typically
represented by the alloys of copper and tin, which
include the important alloys known as bronzes,
Qun métal, bell métal, &c. Tin itself is weak,
soft, readily fusible, and of a nearly white colour,
while copper is strong, tough, moderately hard,
and of a characteristic red oolour. On adding
tin to copper, however, in gradually increasing
proportions a succession of alloys is obtained
with properties which are utterly différent alike
from those of each other and from their con¬

stituent metals. Thus an addition of about
5 per cent, of soft weak tin to copper produces a
tough strong alloy, which still retains a fairly
characteristic copper colour, but which is much
harder than copper, and is suitable for medals
or coinage, but the hardening efïect of tin is so
great that already the practical limit has been
reached for coinage purposes. On adding 5 per¬
cent. more tin we have an alloy which is still
barder, so much so that it has to be cast instead

of being rolled or drawn, and the alloy possesses
a rich yellow colour. With a little more tin an
alloy suitable for the hardest bearings is pro¬
duced, and with still more tin we have the alloy
used for small bells, and which is sonorous, but
shows considérable brittleness when cold, but
which may be worked at a low red beat. With
still more tin an alloy suitable for the largest
bells is obtained ; brittleness is more marked,
and the fracture is dull earthy grey, and it is
only when the métal has been worked or bur-
nished that a yellow colour is visible. But on
continuing the addition of tin, which is one of
the softest of the common metals, the alloys
become more and more brittle, until with about
33 per cent, the alloy can easily be pounded in a
mortar, and possesses a white colour, with a more
or less pronounced blue shade. This alloy is
thus utterly différent alike from its constituents
and from either of the other alloys previously
mentioned. As examples of the second class of
alloys of tin, in which the properties of the alloy
are approximately what would be expected from
the characters of the constituents, the combina-
tion with zinc or with lead may be taken. Tin
and zinc unité in ail proportions, and the colour,
hardness, duetility, &c., of the alloys are what
would be anticipated from a mixture of the two
constituents. Tin and lead also unité in ail
proportions to form a sériés of alloys, ail of
which are nearly white in colour, and are soft,
malléable, and readily fusible, like the metals
themseives. Tin-lead alloys, however, furnish a
characteristic illustration of the fact that the
melting-point of mixtures or alloys is almost
invariably lower than what might be anticipated
from the known melting-points of the pure sub¬
stances. This rule is very generally observed,
bothin sait solutions, with mixtures of salts, and
with mixtures of organie substances (Guthrie,
P. M. [4J 49, pp. 1, 206, 266 ; [5] 1, pp. 49, 354,
446; 17, p. 462; 6, p. 35). Common, or soft,
solder is an alloy of tin and lead, the best pro¬
portions being very nearly 2 parts of tin to 1 of
lead. The melting-point of this alloy, calculated
from the melting-points of its constituents
(Pb = 327°, Sn = 228°), would be 261°C., but the
lowest melting-point in this sériés of alloys
actually observed is 180° (Turner, B'ham. Phil.
Soc. [4] p. 318) and the composition of the
alloy was very nearly 2 parts of tin to 1 of
lead. A number of investigators have examined
these alloys of tin and lead, including Kiipffer,
Pillichody, and more recently Laurie (C. J. 1889,
678), and the results of the détermination of
the composition of the lowest melting-point
alloy vary from about 60 to 65 per cent, of tin.
There appears to be no indication of a definite
alloy of tin and lead in atomie proportions, and
the fact that on cooling one alloy crystallises out
after another has doubtless led to the différences
observed in the results of various experimenters.
In addition to their use for solders the tin-lead

alloys have an important application in the form
of pewter, the toughest and hardest variety of
which contains about 3 parts of tin to 1 of lead.
Alloys of tin and antimony belong to the same
class as those previously mentioned, and a
mixture of 4 parts of tin with 1 of antimony is
used for one kind of type métal. Tin also enters
into the composition of Britannia métal, thepro-
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portions being as follows (Greemvood, Metal-
lurgy, i. 211) :—

—

Britannia métal
Queen's
métalFor

spinning
For

rolling
For

casting

Tin . 94 90 84 75
Antimony . 0 7 10 8-5
Copper 1 3 4 —

Bismuth .
— — 2 8

Lead .
— — — 8-5

Britannia métal has a somewhat considérable
application on account of its white colour, and
the fact tliat it takes a good polish and resists
the influence of the atmosphère ; its low con-

duetivity for heat also renders it very suitable
for some purposes. This manufacture was intro-
duced by Jessop and Hancock about 1770.

Type métal varies considerably in composi¬
tion, consisting essentially of antimony and lead ;
but for small type tin is commonly added, and
in some cases considérable proportions of tin
are employed. A similar alloy is also employed
in the bearings of heavy machinery, and is
known as while matai. Tin is also a con¬

stituent of the varions fusible alloys, one of the
best known being WooH's alloy, which consists
of 4 parts of tin with 4 of lead, 8 of bismuth,
and a little cadmium, and which fuses at 63°C.
Fusible alloys are used chiefly for taking rapid
impressions of objects which would frequently
be injured by the use of métal melting at a
higher température, and also for safety plugs in
steam boilers &c.

Tin-copper alloys. History.—Copper is one
of the few metals which have been known from
prehistoric periods, and, like silver and gold, is
in the pure condition too soft and ductile for
many useful applications. The ancients, there-
fore, prepared various liard copper alloys or-
bronzes, which were used for many purposes to
which iron and steel are now applied. The
elements added to give liardness were arsenic,
iron, or preferably, when obtainable, tin. A very
ancient Egyptian knife-blade (1400 b.c.) ex-
amined by Dr. Percy (Metallurgy, i. 504) eon-
sisted of copper with 2-29 per cent, of arsenic
and 0'43 per cent, of iron ; such a material
would, of course, form an indiffèrent cutting
tool.

The Hindoos have for many centuries pro-
duced a variety of bronze for coins and statues,
which was hardened by the presence of iron.
Dr. Percy mentions an ancient Indian coin which
contained 5'06 per cent, of iron, the remainder
being copper (Le), while in the Birmingham Art
Gallery there is one of the earliest known images
of Buddha, which is believed to be 2,500 years
old, and which was found by Daniel Forbes to
contain 91-50 per cent, of copper and 7-59 per
cent, of iron. With the introduction of tin by
the Phcenicians came the use of bronze in
Egypt, Assyria, Greece, and ail the impor¬
tant countries of the ancient world. Of these
bronzes, numerous examples are preserved, and
the composition recommended for various pur-
poses was very similar to that which is used at
the présent day. Thus Pliny states (Thomson,

Hist. Chem. i. 57) that the Bomans maie
their pans for boiling from a mixture of 100 lbs.
of copper and 3 to 4 lbs. of tin, while for statues
to every 100 lbs. of copper, consisting of one-
fourth old copper and three-fourths new métal,
12) lbs. of tin was added. Brass was not known,
or at ail events was not in général use, until
shortly before the Christian era, and the refer-
enees to brass which so frequently occur in the
Old Testament have to do either with copper or
bronze, and not with alloys of copper and zinc.

Constitution of copper-tin alloys. Previous
to the researches of Matthiessen, or till about
thirty years ago, it was customary to regard
alloys as examples of chemieal combination,
and most experimenters prepared and studied
alloys of definite atomic proportions. An
example of this method of working is to be
found in the researches of Mallet on the tin-
copper alloys (Brit. Assoc. Bep. ix., ' Construc¬
tion of ÀrtiÙery,' p. 82). The remarkable change
in properties which results when tin and copper
are alloyed was used as an argument in favour
of the view that definite chemical compounds
were produeed. The resuit of more recent inves¬
tigations, however, tends to show tliat though in
some cases definite atomic combinations actually
do occur, still these are comparatively few;
while the other alloys, which constitute the vast
majority of those in use, are either solidifie!
solutions of a definite alloy in an excess of one
or other of the constituent metals, or are simply
mixtures of the two or more metals présent in
the alloy. In the tin-copper se.ries there is good
evidence of the existence of a definite allov
Cu3Sn containing Cl-64 per cent, of copper,
while there is considérable reason to believe that
Cu4Sn, containing 68-18 per cent, of copper, also
exists. Thus Calvert and Johnson (P. T. 1858).
in investigating the conductivity for heat oi
these alloys, found a maximum conductivity
corresponding to Cu3Sn, and a minimum con¬
ductivity corresponding to Cu4Sn. Some very
interesting déterminations by Biche (C. B. 55,
1862, and more completely A. Ch. [4] 30, 301)
show two maxima, corresponding to Cu3Sn and
Cu4Sn. These experiments have also received
strong support from the induction balance curve
of Boberts-Austen (P. M. 1879, ii. 57), which
shows two distinct breaks corresponding to
Cu3Sn and Cu4Sn. The déterminations of rela¬
tive electric conductivity by Lodge (P. M. 1879,
ii. 554) also show a very distinct maximum
at Cu3Sn and a minimum conductivity corre¬
sponding to Cu4Sn. Laurie has recently es-
amined these alloys from the standpoint of the
electro-motive force produeed in a standard cell,
and concludes that there is very definite
evidence of the existence of Cu3Sn, but Laurie
failed in this way to obtain any proof of tbe
existence of Cu4Sn (C. J. 1888, 109; 1889,
678).

The evidence in favour of Cu3Sn is therefore
exeeedingly strong, while that in favour of CutSn,
though not quite so complété, is still good, and
at présent there is no trustworthy evidence in
support of any other atomic combinations.
These faets, when considered in connection with
the known characters of the two alloys in ques¬
tion, give a key to the peeuliar characters of
the useful tin-copper alloys. The two definite
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alloys are white, hard, and brittle, and prac-
tically ail the alloys used in the arts, except
spéculum métal, contain more copper tlian
Cu,Sn = 68T8 per cent. Cu. Hence bell métal,
gun métal, and other varieties of bronze must
be regarded as mixtures o£ one or more definite
alloys with an excess of copper, and these tend
to separate more or less completely during
solidification. This séparation is particularly
marked with large castings rich in copper, as in
<jun métal, which was in former times largely
used for ordnance.

The production of such castings requires
spécial précautions, whicli cannot be described
here. For détails, see Mallet ' On the Construc¬
tion of Artillery,' 1856 ; also Reports of the
United States Chief of Ordnance, 1S80, 126,
189; 1884, 369. These latter reports contain-
some of the most important observations which
bave yet been published with regard to this
variety of bronze. It is stated that the best
proportion for such purposes is 91 of copper to
9 of tin. This is best cast in a mould or

'chill' of cast iron, and 100 tests of métal so

prepared gave an average tensile strength of
21-9 tons per square inch, the maximum being
24'8 tons and the minimum 16-5 tons. It should
be mentioned that these values are higher than
those utually obtained in this country, where
the métal is generally cast in sand moulds.

Composition of principal tin-copper alloys.
The following list is based on that given by
Holtzapffel (Mechanical Manipulation, i. 270).

Tin, 0 to 5 per cent. A small quantity of
tin is sometimes added to copper for engraver's
purposes to give crispness. About 5 per cent,
was used by the Romans for pans, and for
ancient flexible bronze nails. A similar alloy is
noff used for bronze coinage and medals, often
with a little of the tin replaced by zinc ; also for
engineers' soft gun métal or ' brasses.'

7 per cent. Slightly harder alloy ; suitable
for mathematical instruments &a.

8-5 per cent. Rather harder ; fit for wheels
10 be eut with teeth.

8 to 12 per cent. Soft bronze statues of the
ancients. These alloys are harder than the
preceding, and mark the extreme limit for
coinage purposes. Also used for brass ordnance,
9 or 10 per cent, of tin being preferred. Médium
engineers' ' brasses ' contain 10 to 12 per cent,
of tin.

12 to 14-5 per cent. Hard bronze of the
ancients, used for weapons and tools. These
proportions are also used for engineers' hard
îearings.

16 per cent. Soft musical bells.
18 to 20 per cent. Chinese gongs and

tymbals.
20 per cent. Small bouse bells ; Indian

gongs.
22 per cent. Large house bells.
24 per cent. Limit for large chureh bells.
About 33 per cent. Spéculum métal (v. Tr.

1840,503).
About 66 per cent. ' Temper,' an alloy used

for addition to tin and lead to harden pewter.
It has already been mentioned that the

■addition of a small quantity of tin to copper
prevents it rplling well when bot, and the addi¬
tion of a little more tin destroys its malleability

when cold. Bronze is tempered by an exactly
opposite process to that used in the case of
steel, namely, the alloy is heated to redness and
then rapidly cooled in water.

For the majority of purposes bronze is
melted in crucibles of fireclay or plumbago, the
charge being about 90 lbs. For large castings a
reverberatory furnace is often employed, thougli
such work is sometimes performed by means of
a large number of crucibles. It is recommended
that the copper should be well melted and kept
in fusion for some time before the tin is added,
if strong castings are required. Founders also
prefer to use some new métal in every charge,
and not merely to re-melt scrap. The oxidation
which takes place during melting removes some
three or four parts of copper to one of tin ; the
resuit is, therefore, that the alloy, which contains
about nine parts of copper to one of tin, tends to
get poorer in tin by remelting, and due allowance
must be made for this loss, even though it may
appear to be slight, as small différences in com¬
position often exert a most important influence
in tin-copper alloys.

Bronze bearing métal. According to Dudley
(Jour. Franklin Inst. 133, 81, 161 ; S. C. I.
11, 460), the following composition is very suit¬
able for bearings for locomotives and similar
purposes: copper, 77; tin, 8; lead, 15. The
presence of lead in bearings very much dimi-
nishes the loss of métal caused by wear, and also
reduces the local heating of the journals. Phos-
qohor bronze and other varieties of bearing métal
for similar purposes to the above often contain
about 10 p.c. of lead, and the wearing properties
of the alloys is chiefly connected with the pro¬
portion of copper and tin to lead. The presence
of tin is necessary in order to obtain a uniform
alloy, as lead and copper alone do not unité well.
With too much tin the alloy wears more rapidly
and becomes more heated. The presence of
phosphorus and arsenic gives solidity to the
castings, but with suitable proportions of tin and
lead, as above, alloys are obtained which wear
even better than standard phosphor bronze with
the following composition: copper, 79'7 ; tin,
10 ; lead, 9-5 ; phosphorus, 0'8 p.c.

Phosphor bronze is an alloy containing
copper, zinc, and tin in various proportions, and
which also contains a small quantity of phos¬
phorus, introduced in the form of phosphor tin.
This alloy has met with considérable favour
where spécial strength or power of resisting
wear (as with bearings for quick running
maehinery) is required. Similar alloys con¬
taining manganèse, which is added in the form
of ferro-manganese, have also met with a
limited application, and are known as man¬
ganèse bronzes. Silicon bronze, made by the
addition of copper silicide, is used for conduc-
tivity wire, though some of these so-ealled
bronzes contain very little or no tin.

Tin plates. History.—Although the art of
tinning brass and copper was well known to the
Romans (v. supra), the production of sheet iron
eoated with tin, or ' tin plate,' is of a consider-
ably later period, though the exact date of its
introduction is unknown. The art was, however,
probably of German origin, and existed in
Bohemia for many years prior to 1620. About
this time the manufacture was introduced into
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Saxony through the efforts of tke tien reigning
Duke, and speedily developed into a thriving
industry. Sliortly afterwards, two unsuccessful
attempts, with which M. Réaumur was con-
nected, were made to introduce the manufacture
into France. About 1670 an English company
was formed to start a tin-plate works in this
country, and Mr. Yarranton was sent to Germany
to learn the art. Works were started at Ponty-
pool, and met with some success, but were
stopped, owing to the grant of a patent for the
manufacture to E. Hemming in 1691. Works
were, however, once more started in 1720 at
Pontypool, and these were gradually followed by
others, particularly in South Wales, which has
gradually become the most important seat of
the manufacture in the world. In the earlier
processes of manufacture the plates were
hammered by hand from iron made in the char-
coal hearth, while the surface was cleaned from
scale by immersion for several days in sour
barley-water, instead of for a few minutes in
dilute sulphurie acid, as at présent.

In 1728, the rolling of sheets was introduced
by Major Hanbury, of Pontypool, while sulphurie
acid was substituted for barley-water in 1806.
The rolling of tin plates as they leave the tin
pot, which saves métal and improves the surface,
was introduced by Morewood (who took out
many patents for coating metals) in 1866, since
which time a great variety of machines have
been introduced for use in the tinning process,
though most of them have met with a very
limited use.

During the last twenty years great changes
have been introduced. In the first place, pickling
machines have superseded hand labour, while
iron made in the old-fashioned open-hearth
refinery (or puddling furnace for second quali-
ties) has been generally replaced by, steel.
Siemens' steel was used about 1875, Bessemer
steel about 1880, and basic steel was introduced
a few years later (v. P. W. Flower, ' Origin and
Progress of the Manufacture of Tin Plates,'
J. Iron and Steel Inst., 1886).

The number of tin-plate works in this
country in 1885 was ninety-six, of which eighty-
one were in South Wales and Monmouthshire
and fifteen elsewhere. The production for 1884
was distributed as follows :—

Exported to the United States 3,472,782 boxes.
Home consumption . . 1,832,326 „

Exported to other countries . 1,648,219 „

Stock 241,880 „

Total . . 7,195,207 boxes.
The maximum annual production hitherto

recorded was reached in 1889, when no less
than five and a half million boxes were exported
to the United States.

Production of tin plate. The métal used
for rolling into sheets is, as above stated, either
wrought iron of spécial quality, which in former
times was made in refineries using only charcoal,
or more generally at présent very mild steel is
employed, Siemens' steel being in most demand
for this purpose. The bars are eut into suitable
lengths, and each length is heated to redness,
and then passed through ' ehilled ' rolls until
its length is about doubled ; the plate is then
folded across the middle, re-heated, and again

rolled. The re-heating, folding over, and rolling
is repeated until a sheet of the proper thickness
is obtained, sometimes as many as thirty-two
thicknesses being rolled together as onepiece in
this way. The sheets are then eut to size with
shears and separated, when they sliould part
readily if the opération thus far has been
suceessfully condueted. The 'rougli black
plates ' so produced should be free from streaks
or ' spilly ' places, and should be uniformly
coated over with a black scale of oxide. This is
now removed by ' pickling ' in warm dilute sul¬
phurie acid for about twenty minutes, and by sub¬
séquent washing and rubbing with sand and
water. The sheets are next annealed in wrought-
iron boxes, which are usually about 2 feet
square, but vary in size ; the upper part is in the
form of a bell for ready removal, and to prevent
the entry of air the joint is stopped by being
covered with sand. The annealing requires
about ten hours, and is condueted in a large
furnace maintained at a cherry-red heat. The
pots are then withdrawn and allowed to cool,
after which the sheets are eold-rolled, to improve
the surface and give the smoothness and uni-
formity which is neeessary to produce a good tin
plate. The cold-rolling renders the plates some-
what hard, and they are therefore annealed once
more, usually in cast-iron pots, as it is not
neeessary in the second annealing to use so high
a température or as long a time as in the first
case. The sheets are now finally pickled m
weaker sulphurie acid than was used in the pre-
vious pickling, and after being again rubbed
with sand are immersed in water preparatory t»
tinning.

Thetinningapparatus, or' stow,' varies some-
what with the size and quality of the plates ;
with very large plates the bath of tin is contained
in a basin-shaped pot, while for large sizes and
inferior qualifies the plates are frequently
manipulated entirely by maehinery during tbe
tinning process.

The ordinary form of apparatus consists of
five baths or pots, called respectively (1) the
greasepot, (2) the tin-man's pot, (3) the washing
pot, (4) the dipping pot, (5) the grease pot.
Formerly two other pots were used, but these
have been rendered unnecessary by the intro¬
duction of rolls. The grease pot contains
melted grease, such as tallow or palm oil, and
in this the sheets are dipped until ail moisture
has been removed and they are uniformly coated
with grease. They are next dipped into tbe tin
pot, which contains melted tin covered with a
layer of grease, the latter being sometimes re¬
placed by a bath of zinc chloride or ' killed
spirits.' The sheet now receives its first coat¬
ing of tin, which, however, is not perfect, and t»
complété the tinning the sheet is dipped into the
first coinpartment of the washing-pot, where it
remains until a uniform coating is produced.
The plate is now taken out and rapidly examine!
by the workman, who wipes over the surface
with a brush, and to remove the marks of the
brush rapidly dips the plate into the second
compartment of the same pot, which contains
the best tin, and then transfers it to the grease
pot, where it passes through a pair of rolls, which
squeeze off the excess of tin and improve the
surface. Formerly the plate remained for about
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ten minutes in the grease pot, cluring which time
the excess of tin drained off. The plate was
afterwards transferred to the ' cold pot,' after
which the lower part was inserted in the ' list '
pot, which eontains a little tin at a comparatively
high température, and which rapidly removes
the thick edge of tin which had accumulated at
the bottom of the plate. The plates, after coat-
ing with tin, are then cleaned from grease,
usually by rubbing with bran and finishing with
the woolly skin of a sheep ; they are afterwards
separately examined for defects, and, after classi¬
fication, are packed in the familiar flat wooden
boxes and branded for market (v. E. Trubshaw,
J, Iron and Steel Inst. 1883, i. 252).

Tin plates in France. At Hennebont in the
department of Morbihan is an important tin-
plate works, employing about 700 hands, and
producing over 12,000 tons of tin plates and
sheet iron per annum. The works were esta-
blished in 1860, and manufacture their own
steel in the basie Siemens' furnaces, the use of
refined or puddled iron having been eompletely
abandoned. The steel is cast into ingots, which
are re-heated, and then shaped and eut by a
steam hammer and rolled into bars. The bars
are about 4 inches wide, 0'4 inches thick, and
are eut into pièces about 8 inches long, which
are heated and rolled into eighths as previously
described. The subséquent processes of pickling,
annealing, cold rolling, annealing, pickling, and
tinning are conducted as in this country, except
that chopped rice straw is used for cleaning the
sheets (Iron, vol. 34, p. 52).

For a description of the process of manufac¬
ture of tin plates in Germany, which does not
materially differ from that above described, v.
D. P. J. 250,231.

Manufacture of tin plates in the United
States. For some years past, at least one half
of the tin plates manufactured in the United
Kingdom have been exported to the United
States of America. But by the M'Kinley Tarifï
Act, which came into effect on July 1, 1891, the
duty on tin plates imported into the United
States has been more than doubled, with the
intention of creating a tin plate industry in
America. The quantity of tin plates actually
manufactured in America up to the présent has
been small, the estimated production of works
in opération and in construction being about
60,000 tons per annum ; but there is every pro-
bability of a largely-increased production in the
immédiate future. Hitherto, American manu¬
facturera have been generally content to copy the
methods adopted in South Wales. T. T.

Dry assay of tin ores. Hofman finds
that Winkler's method of assaying black tin
stone gives results averaging 65-96 per cent., or
1-88 per cent, too low, the figures disagreeing
amongst themselves up to over 3 per cent. The
process consists of reducing together 5 grms.
each of cassiterite and cupric oxide with 15
grms, of black flux, 1-25 grms. of borax, and
a little sait as a cover. A similar experiment is
conducted without the cassiterite, and the copper
obtained in the one case deducted from the alloy
in the other gives the amount of tin. The follow-
ing modifications of this method were tried :
increasing the amount of charcoal, using chalk-
lined crucibles, omitting the sait and increasing

the potassium carbonate, and Bickett's modifi¬
cation of adding argol ; but they ail gave worse,
and in some instances very variable, results.

The iron method—réduction with hœmatite,
charcoal, and potassium cyanide or fluorspar—
gave unsatisfactory results. The same may be
said when a mixture of ferro-cyanide and cyanide
was used, and also when any of the Cornish
methods were employed. So far, with fairly pure
cassiterite only two methods have proved satis-
factory, viz. the German and the pure cyanide
methods. Hofman has attempted to prove which
of these two methods gives the best results when
the cassiterite is mixed with those minerais likely
to be naturally associated with it. The minerais
used were quartz, felspar, mica, tourmaline,
garnet, and eolumbite. Mixtures of the purified
cassiterite ore with varying proportions of each
of these minerais were assayed by both methods,
the percentage of tin being calculated on the
cassiterite ore présent. The charges were so
regulated that the flux in the German assay was
always equal to three times the quantity of ore
plus the minerai, and in the cyanide assay to
six times the quantity. In the latter case four
parts of cyanide were mixed with the ore ; one
part was used to coat the crucible bottom, and
one part as a cover. In ail cases the cyanide
method gave more concordant, and less preju-
dicially affected, results than the other. The
results of the German assays fluctuated greatly
as the amount of minerai présent increased.
Thus, in the case of quartz and albite the results
were lower as the quantity of minerai was in¬
creased, the respective figures being, with 37-5
per cent, of each minerai, 60-7 and 60-2 per
cent. ; the corresponding cyanide figures being
63-90 and 65-30 per cent, (the real percentage of
tin was 67-84). The tin buttons, moreover, in
the German assay with albite contained iron,
while those by the cyanide process were free, the
température of fusion being too low to cause
décomposition of the albite.

With muscovite, tourmaline, garnet, and
eolumbite the results with the German method
were very unreliable, being sometimes too high
and very ferruginous, and sometimes too low,
varying from 82 per cent, with 50 per cent, of
garnet to 46 per cent, with 44 per cent, of tour¬
maline. The cyanide method gave fairly good
results in ail the above cases, very little iron
getting into the buttons, except in the case of
garnet, when the resuit was 69-89 per cent., with
37-5 per cent, of minerai présent. With the
same quantity of muscovite, tourmaline, and
eolumbite the assays were respectively 63-3, 64-7,
and 66-0 per cent. Consequently, where any-
thing like a true resuit is required the cyanide
assay is by far the most to be relied upon, and
should be employed in cases of buying and
selling, although in concentration works, where
comparative results and large numbers of assays
are required, the question of cost must be con-
sidered, and the cheaper German method might
satisfactorily be adopted.

Hofman emphasises the importance of pro-
perly preparing the ore for assay, and states
that the ordinary method of grinding the whole
sample to a uniform size is not suited to the tin
ores of the Black Hills, chiefly on account of the
prépondérance of mica. Hence a preliminary
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sizing is advantageous. The ore while being
pulverised is screened through a sériés of sieves
Nos. 20, 40, 60, and 80, the difi'erent-sized
screenings being then washed. This method
gives purer concentrâtes, and nécessitâtes less
loss ol cassiterite, as the material bas been
washed without excessive grinding, which in the
présent process reduces the brittle cassiterite to
a slime, while soine of harder associated minerais
are only converted into sand. The subséquent
treatment of the concentrâtes mentioned in the
first part of the paper is recommended, as the
roasting renders the cassiterite more friable and
more readily reducible, the assays in some cases
showing a différence of 0*5 per cent, between the
raw and roasted ores in favour of the latter
(Part ii., H. O. Hofman, Teehnol. Quarterly, 3,
261-280 ; S. C. I. 9, 1,154 ; v. Eennie and Der¬
rick, S. C. I. 1892, 662).

Tin salts and oxides. A monoxide, stannous
oxide SnO, and a dioxide, stannic oxide Sn02,
eaeh of which gives rise to a distinct sériés of
salts, are known, the former acting as a base
and the latter acting as either base or acid.
Oxides of the composition Sn204, Sn0.3Sn02,
and 2Sn03H20 are also said to exist.

Stannous oxide SnO is obtained as an olive-
brown anhydrous powder, when stannous oxalate
is heated out of contact with the air, or as a
white precipitate of the composition 2Sn0.H20,
with évolution of carbon dioxide, when stannous
chloride and an alkaline carbonate are mixed in
solution. It may also be obtained as a bluish-
black anhydrous powder by heating a mixture of
4 parts of stannous chloride with 7 of sodium
carbonate, and lixiviating the résultant mixture
of stannous oxide and sodium chloride (Sandall,
J. pr. 14, 254). The anhydrous oxide may also
be obtained from the hydrous form as follows :
(1) as a black powder by heating it out of con¬
tact with the air; (2) in minute cubes by
digestion with acetic acid at 56°; (3) of a
brilliant scarlet colour, which becomes brown
on rubbing, by evaporating a dilute solution
of ammonium chloride containing stannous
chloride in solution until the chloride com¬

mences to crystallise (Fremy, B. J. 24, 133 ;
25, 172 ; A. Ch. [3] 12, 460) ; (4) as small black
shining crystals, which, when heated to 258°,
decrepitate and swell up, with production of
soft olive-green laminai, by prolonged digestion
with a weak solution of potash at the ordinary
température (Fremy, l.c.). A stronger solution
dissolves the oxi'de and ultimately deposits it in
crystals, the deposit from a solution of 4 parts of
potash in 10 of water containing potassium
stannate and tin, the former produeed by ab¬
sorption of atmosphei'ic oxygen. Fremy also
describes various red, black, brown, and other
forms of this oxide.

Stannous oxide becomes incandescent, and
forms stannic oxide, when heated in the air.
Carbon or hydrogen reduces it to métal at a red
heat. It dissolves in acids, with production of
stannous salts, and in potash or soda, but not in
ammonia. The soda solution is employed in
calico printing and dyeing under the name
sodium stannite, and is prepared as described
under sodium stannate (p. 841).

A so-called sesquioxide Sn203 is obtained as
a sliruy grey precipitate by the action of recently-

preeipitated ferrie hydroxide on a solution of
stannous chloride (v. Fuchs, Kastner's Archiv
fur Chemie und Météorologie, 23, 368 ; J. pr. 5,
318 ; and Berzelius, P. 28, 443 ; B. J. 13,110).

This body is readily soluble in ammonia and
in concentrated hydrochloric acid. It does not
appear to form definite salts. Its hydrochloric
acid solution acts like a mixture of stannous and
stannic chlorides. An orange-yellow oxide of
the composition Sn0.3Sn02 is obtained by digest-
ing metastannic acid in cold aqueous stannous
chloride (Fremy, J. Ph. [2] 1, 344).

Stannic oxide Sn02 oceurs as cassiterite or
tinstone, varieties of which are known as stream
tin, wood tin, toad's eye, &c. Daubrée (Ann. M.
20, 65) has pointed out that, with the exception
of quartz, the minerais most frequently asso¬
ciated with tin ore are fluorine compounds.

Stannic oxide is obtained as an anhydrous
white powder of sp.gr. 6'7122 at 4° (Joule
a. Playfair, C. J. 1, 128) when tin is heated
until it burns in the air. The powder is con¬
verted into microscopic quadratic crystals re-
sembling the native oxide when heated in a
current of hydrochloric acid gas (Deville, C. E.
53, 161). The oxide may also be obtained in
trimetric crystals, and is tlierefore dimorphous
(v. Daubrée, Ph. C. 1849, 821 ; Levy a. Bour¬
geois, C. B. 94, 1365).

Stannic oxide is reduced to métal when
heated with hydrogen, carbon, potassium, or
sodium. It dissolves in fused potassium bisul-
phate, but separates from the mass whentreated
with water. When fused with sulphur, stannic
sulphide is formed, with évolution of sulphur
dioxide.

The anhydrous oxide is insoluble in acids,
except in concentrated sulphurie, with which it
forms a syrup decomposed by dilution, with
précipitation of the oxide. It dissolves in
aqueous or fused alkalis, with formation of
stannates.

Stannic oxide, prepared by igniting meta¬
stannic acid, is known as 'putty powder,' and
used for polishing plate and for imparting white-
ness to enamel or glass.

The oxide exists in several stages of hydra-
tion, the most important of which constitute
stannic and metastannic acids (v. Fremy, A. Ch.
[3] 12, 466 ; 23, 393 ; Weber, P. 122, 358).
Between these acids, which are described below,
a number of bodies of intermediate composition,
corresponding with the varieties of silicic acid,
are said to exist (Musculus, C. 11. 65, 961).

Perstannic oxide SnOs. W. Spring (Bl. [3]
1, 180) has obtained a body of the composition
H2Sn207, probably a hydrate of this oxide, by
dialysing the turbid solution obtained by adding
hydrated barium peroxide in excess to a solution
of stannous chloride in hydrochloric acid, and
evaporating the solution of the colloid on the
water-bath.

Stannic acid H2Sn03 is obtained by precipi-
tating stannic chloride with ammonia, or by
addition of calcium or barium carbonate to a

solution of stannic chloride in quantity in-
sufficient to precipitate the whole. It then forms
a gelatinous substance, sliglitly soluble in water
and of acid reaction. When dried spontaneously
it forms translucent lumps resembling guni
arabie.
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According to Fremy (l.c.), it has the compo¬
sition 3Sn02.7H20 when dried in a stream o£
dry air, SnOyELO when dried in vacuo, and
3Sn02.2îL,0 when dried at 140°. Weber (l.c.)
states that its composition when dried spon-
taneously in dry air is SnO.HjO, and is identical
with that oi air-dried metastannic acid ; while,
according to Carnelley and Walker (C. j. 1888,
83), it has the composition 3Sn02.H20 a little
above 360°, and on further slight rise o£ tem¬
pérature loses water and turns from its previous
diity-brown colour to a pale-yellow body of the
composition 7Sn02.2H.20. It becomes anhydrous
at 630° to 655°.

A colloïdal stannic acid is known (v. Graham,
Tr. 151, 213, and Van Bemmelen, Bec. Trav.
Chim. 7, 87).

Stannic acid forms a large and important
sériés of salts, most of whieh are crystalline.
The alkaline stannates are soluble, and may be
prepared by dissolving the precipitated oxide in
the alkaline hydrate. The others are mostly
insoluble, and are best obtained by double de-
composition. The potassium and sodium salts
are the only ones of technieal' importance. The
stannates have been investigated by Fremy
(A. Ch. [3] 12, 462 ; 23, 393), Moberg (J. pr.
28, 230), Marignac (Ann. M. [3] 15, 277),
Ordway (Am. S. [2] 40, 173), and Ditte (C. B.
94,1114 ; 96, 701).

Sodium stannate Na2Sn03 usually occurs in
six-sided tables of the composition Na2Sn033H20
(Moberg, Marignac, Ordway, l.c.), which are less
soluble in bot than in cold water. According to
Ordway, 100 parts of water dissolve 67'4 parts
at 0°, and 6T3 parts at 20°.

Crystals of the above composition are de-
posited from a hot alkaline solution, but the
sait may also be obtained with 8, 9, or 10 molé¬
cules of water. The form crystallising with
9 molécules is said to be obtained in oblique
rhombic prisms by recrystallising the com¬
mercial sait (Jonas, C. C. 1865, 607) ; while,
according to Haeffely (D. P. J. 144, 66), crystals
of the composition Na2Sn03.3H20 are deposited
from hot concentrated solutions of 1-3 sp.gr.,
but re-dissolve on cooling to a solution of 1-35
sp.gr., from which crystals containing 8 molé¬
cules of water are gradually deposited.

Copper is readily tinned by immersion in a
solution of the sait.

Sodium stannate is largely used, under the
nameof 'preparing sait,' as a mordant in dyeing
and calico-printing, the fabric being first passed
through a solution of the stannate, and then
through weak sulphuric acid, which précipitâtes
the hydrated oxide on the fibres.

For preparing this sait on the large scale,
the original processes patented by J. Greenwood,
J. Mercer, and J. Barnes (Pat.No. 10,757, 1845),
J. Young (Pat. No. 12,359, 1848 ; 12,744, 1849),
and Haeffely (Pat. No. 603, 1854), are still used
with some modifications. A number of other
processes are mentioned in the list of patents
relating to tin salts (infra).

The process of Greenwood, Mercer, and
Barnes consists in heating 22 lbs. of canstic
soda in an iron crucible until évolution of water
ceases, and then adding 8 lbs. of sodium nitrate
and 4 lbs. of sodium chloride, followed, when
the mass is nearly fused, by 10 lbs. of feathered
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tin, with constant stirring until déflagration
ensues. The mixture then becomes white hot
and pasty, and is wholly eonverted into the
stannate.

For preparing sodium ' stannite' a mixture
of 4 lbs. of sodium chloride, 1 gallon (13-5 lbs.)
of caustic soda, 1 lb. of sodium nitrate, and 4 lbs.
of tin is heated in an iron crucible, and the dry
powder finally obtained is stirred so long as
ammonia is evolved.

Young's processes—most of which are de-
scribed below—eonsist mainly in the prépara¬
tion of the stannate directly from the ore, thus
avoiding the cost of obtaining and re-oxidising
the métal.

By one process the native or prepared oxide
is boiied in an iron pot with a quantity, varying
with the tin value of the ore, of 22 per cent,
soda lye, the heat being gradually raised to
about 600°F., at which combination takes
place. When the opération is eompleted, which
is ascertained by removing a portion and seeing
how much dissolves, the mass is cooled in
another vessel and is dissolved, filtered, or de-
canted, and reerystallised or sold in solution.

In another process, the ore is heated to red-
ness with one and a half parts of sodium nitrate
in a current of stearn with constant stirring.
The stannate is produced, with évolution of
nitrous fumes and nitrie acid. The nitrate may
be replaced by one part of sait, liydrochloric
acid being then obtained as the by-product.

' Stannite ' of soda is obtained by heating the
métal with its own weight of caustic soda, with
constant stirring. The solution of the stannite
may be used in dyeing and printing opérations
as it is, or it may be eonverted into stannate,
with précipitation of tin as a black powder, by
boiling.

The stannate may be obtained direct from
the métal by heating a mixture of 20 parts of
tin, 16 of soda, and 3 of manganèse peroxide to
redness, with constant agitation and free ex-
posure to the air. The peroxide appears to act
as a carrier of oxygen, and is obtained un-
ehanged at the end of the opération.

In another process, stannate of lime is ob¬
tained by roasting in a reverberatory furnace a
mixture of the ore with slaked lime. The pro-
duct is treated with suffieient hydrochlorie acid
to precipitate the tin as oxide, but not to re¬
dissolve any of it, and the precipitate is dis¬
solved in boiling soda lye. The sait may also
be obtained by boiling barium stannate, obtained
similarly to the lime sait, with sodium sulphate,
until ail the barium is eonverted into sulphate.

Haeffely's process consists in the prépara¬
tion of a solution of ' plumbate of soda ' by dis¬
solving 54 lbs. of red lead or 70-80 lbs. of
litharge in a solution of 45 lbs. of caustic soda
of 70°Tw. The solution is diluted, and 16 lbs.
of tin is suspended in it while boiling, so that in
four or five liours the lead is obtained as a de-
posit, which may be readily oxidised for re-use,
while sodium stannate remains in solution.

The following process is said to be now em¬
ployé! in an English works (Chem. Zeit. 9,
851) :—Ten boilers, arranged in horseshoe form,
and each having a central tube whose lower end
forms a perforated funnel, are almost filled with
granulated tin, and six of them are charge!
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with soda lye of 15°Bé. The liquor is drawn off
from each, after a suitable amount o£ boiling,
through a syphon passed into the central tube,
and is passed from boiler to boiler until of
30°Bé., when it is allowed to settle in a tank.
For preparing ' sodium stannate liquor,' enough
common sait is dissolved in the solution to
reduce the proportion of tin to 5 p.c. ; and for
producing the solid the liquid is evaporated and
ealcined, and mixed with enough sodium chlor-
ide to reduce the tin to 42 p.c.

An arsenio-stannate of sodium

NajO.6SnO2.2AsjO5.5H2O,
occurring in shining needles, is sometimes used
instead of the ordinary stannate, and is said
to give brighter colours and to be more eeo-
nomical. It is prepared by adding nitric aeid
to a boiling solution of sodium stannate and
sodium arsenate, and treating the resulting
precipitate of 2Sn02.As205.10H20 with excess of
soda (v. Haeffely, D. P. J. 140, 290; J. Mercer
a. W. Blythe, Pat. No. 12,807, 1849). The latter
also employ a sodium phospho-stannate for the
same purposes.

Potassium stannate KjSn03 is obtained
similarly to the sodium sait, and is sometimes
employed in dyeing and calico-printing. It
crystallises from spontaneously evaporated solu¬
tions, in transparent oblique rhombic prisms
of the composition KjSn02.3H20 (Marignac,
Ann. M. [5] 15, 277 ; Moberg, J.pr. 28, 230 ; and
Ordway, Am. S. [2] 40, 173). It becomes anhy-
drous when heated to redness.

Potassium stannate is insoluble in alcohol,
but dissolves in water to an alkaline solution,
100 parts of water dissolving 106-6 parts at 10°
and 110-5 parts at 20° (Ordway, Z.c.).

Cuprie stannate CuSn03 has been em¬
ployed as a green pigment. It is prepared for
this purpose by precipitating sodium stannate
with copper sulphate, or by addition of a solu¬
tion of 118 parts of tin in aqua regia to a solu¬
tion of 250 parts of copper sulphate, with sub¬
séquent addition of soda in excess.

Chromium - tin compounds. A so-called
ehromium stannate, used for producing a blood-
red colour in pottery glaze, is prepared by heat-
ing for several hours in a closed crucible a
mixture of 10 parts of stannic oxide, 34 parts of
calcium carbonate, 5 parts of silica, 1 part of
alumina, and 3 to 4 parts of crystallised potas¬
sium chromate. The red body produced gives a
fine rose-coloured product when washed with
dilute hydrochloric acid.

A substance known as minéral lalce, pos-
sibly a basie chromate of tin, possessing a fine
lilac colour, is used in colouring paper hang-
ings and for oil painting. It is best prepared by
dissolving potassium chromate in 5 or 6 parts of
water, and adding to a solution of stannous
chloride until précipitation ceases. The damp,
washed precipitate is ground with half its volume
of nitre, and dried, and the finely-powdered mix¬
ture is thrown in small portions into a crucible
heated to redness and containing some potas¬
sium nitrate. After pouring off the supernatant
fused sait, the pale-yellow residue is washed free
from alkali, and is ealcined at a strong heat in a
luted crucible until it becomes dense and acquires
the desired colour.

Metastannic acid is obtained as a white in¬
soluble powder, with évolution of nitrous fumes,
when tin is treated with strong nitric acid,
According to Fremy (A. Ch. [3] 12, 466 ; 23,
393), its composition when dried in a current of
dry air is Sn02.2H„0, when dried in vacuo
or at 100° SnOj.ILO, when dried at 130°
5Sn02.4H20, and when dried at 160° 5Sn(X.3H,0.
According to Weber (P. 122, 361), the acid
dried over sulphuric acid has the composition
Sn02.H20.

Metastannic acid possesses an alkaline re¬
action, and is insoluble in nitric acid. It swells
up in concentrated sulphuric acid, the product
being soluble in water and alcohol, but decom-
posing into the two acids on boiling. Hydro¬
chloric acid converts it into a chloride of meta¬
stannic acid, which is soluble in water but not in
hydrochloric acid, and which is reprecipitated
from solution in the gelatinous form on boiling,
or on addition of much hydrochloric acid.

It is insoluble in ammonia, except when
freshly-precipitated from a cold solution of a
metastannate by an acid, but dissolves in alka¬
line hydrates and carbonates, with formation of
metastannates.

A eolloidal metastannic acid is known (r,
Graham, Tr. 151, 213 ; Van Bemmelen, Bec.
Trav. Chim. 7, 87).

The salts of metastannic acid appear to in-
dicate that the acid has the formula

5(Sn02.H,,0), i.e. H2Sn50,,.4H20,
but Weber (Z.c.) considers it to have the same
composition as stannic acid.

The metastannates are diffieultly cxystal-
lisable. When strongly heated, they décomposé
into stannic oxide and the base. Potassium
metastannate K.,Snfin.iH.20 is a strongly alka¬
line sait obtained by dissolving the acid in
potash. It is precipitated from aqueous solution
by a neutral alkaline sait or by ammonium
chloride. Sodium metastannate Na2Sn5O„.4H,0
is a slightly soluble granular sait obtained like
the potassium sait. A hard gummy precipitate
of the composition NajSnjOu-HjO is obtained by
addition of caustic soda to a solution of the
above compound of hydrochloric acid and meta*
stannic acid.

Salts of tin with oxyacids. These salts,
though numerous, are of little technical import¬
ance, but a number of solutions containing them
are used in dyeing and calico-printing. Stannous
sulphate SnS04 is obtained as a crystalline
powder by evaporating in vacuo a solution of
tin or stannous hydroxide in dilute sulphuric
acid. Stannic sulphate Sn(S04)2 is obtained as
a white sait, soluble in dilute sulphuric acid but
mostly precipitated on dilution, by dissolving
the hydroxide in sulphuric acid. According to
Ditte (C. B. 104, 172), a solution of stannic
hydroxide in warm dilute sulphuric acid (1 to 8)
deposits, on concentration, first radiating needles,
then rhomboidal lamellœ, and finally hexagonal
prisms, ail colourless and ail possessing the
composition Sn(S04)2.2H20. He has obtained
the same body by the action of sulphuric aciil
on metastannic acid. The crystals deliquesceto
a clear liquid. The solution is decomposed, with
précipitation of the hydroxide, on dilution.
Stannous nitrate Sn(NOs)2 is obtained by dis¬
solving tin or stannous hydroxide in very dilute
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nilric acid. According to E. Weber (J. Pr. [2]
26, 121), it is obtained of the composition
Sn(N0,)2.20H2O, by solution of freshly-precipi-
tated stannous hydroxide in a molecular pro¬
portion of ice-cooled nitrie acid of sp.gr. 1-20.
Oncooling to 20°, the nitrate crystallises out in
clear plates resembling potassium chlorate. A
basic sait of the composition 2Sn0.N205 is
obtained as a white crystalline precipitate by
adding a solution of sodium carbonate to the
neutral sait in quantity insufficient for complété
précipitation. It may also be obtained by digest-
ing the normal sait with stannous hydroxide. It
deilagrates at 100°, or on friction. Stannic
nitrate crystallises in silky tablets from a solu¬
tion of stannic hydroxide in nitrie acid. The
so-called ' nitrate of tin ' or ' physic ' used by
dyers is a mixture of stannous and stannic
chlorides (v. Stannous chloride, infra). A solu¬
tion of tin in nitrie acid is, however, also used
in dyeing (i>. Crookes, Handb. of Dyeing and
Calico Printing, 1874, 527). Stannotis acetate,
oiahte, citrate, and tartrate are employed in
dyeing and calico printing, being generally pre-
pared by addition of an alkaline sait of the acid
to a solution of stannous chloride, or by dis-
solving the precipitated hydroxide in the acid.
Liechtl and Schwitzer (Mittheilungen des Tech.
Gew. Muséums, 1886, 41) report on the value of
6ome of these as mordants.

Stannous sulphide SnS is obtained as a tough,
crystalline, bluish-grey fusible mass by heating
tin with sulphur, or in crystalline scales by
fusing the sulphide so obtained with stannous
chloride and treating the product with dilute
hydroohloric acid. It is obtained as a brown
powder, which blackens on drying, by precipi-
tating stannous chloride with sulphuretted
hydrogen.

Stannous sulphide is insoluble in normal
ammonium sulphide, but dissolves in the yellow
sulphide and in alkaline polysulphides (v. Ditte,
C. E. 94,1419), and, with évolution of sulphur¬
etted hydrogen and formation of stannous chlor¬
ide, in hot hydrochloric acid. Dry hydrochloric
acid gas aots similarly on the warmed, but not on
thecold, sulphide (Ditte, C. E. 97, 42).

Stannic sulphide SnS2 cannot be prepared by
simply heating tin and sulphide together, be-
cause the heat generated is sufficient to reduce
the disulphide to monosulphide, but it may be
so obtained when sufficient ammonium chloride
or other volatile substance is présent to moderate
theaction. Woulfe (Ptnt. Trans. [1771] 61, 114 ;
also Gmelin's Handbook, 5, 79) describes a
nnmber of methods of preparing this body,
whieh was formerly much used for gilding, imi-
tating bronze &c., under the names 'mosaic
gold,' 'mock gold,' and ' cats' gold.'

The best préparation is obtained by heating
12 parts of tin, amalgamated with 6 parts of
mercury, and ground up with 7 parts of sublimed
sulphur and 6 of ammonium chloride, in a glass
vessel embedded in a sand-bath. The heat is
moderated until white fumes and sulphuretted
hydrogen cease to corne off, but is then raised
to redness. After cooling, the vessel is broken,
and the sulphide is found in golden translucent
scales or six-sided laminœ of sp.gr. 4-425 (Boul-
lay, 19, 107). The mercury passes off as sul¬
phide. The heat requires careful adjustment, as

too low a température produces a pale product,
while too great heat gives a greyish compound.
The mercury may be dispensed with, but an
inferior product is then obtained.

When heated, stannic sulphide sublimes, with
partial décomposition into sulphur and stannic
sulphide. It dissolves readily in alkalis, but not
in acids, except aqua regia. It fuses in a current
of chlorine, and absorbs 6 molécules of the gas,
forming a yellow crystalline compound of the
composition SnCl42SCl4 (Eose, P. 42,517). When
heated with iodine in a current of carbon dioxide
it gives a brown, crystalline, fusible mass of the
composition SnS2I4 (Schneider, J. pr. 79, 419).

The dirty-yellow precipitate obtained by pas¬
sage of sulphuretted hydrogen through a solution
of a stannic sait consists of a mixture of stannic
sulphide and stannic hydroxide, which dissolves
in alkaline sulphides, with formation of thiostan-
nates (Kiihn, A. 84, 110), and also in alkalis and
hydrochloric acid. Ditte (C. E. 95, 641) describes
several double sulphides or thiostannates and
also seleniothiostannates.

Thiostannic acid SnH2S3 may be obtained as
a yellow precipitate, which becomes almost black
on drying, by addition of dilute hydrochloric acid
to a thiostannate.

Stannous selenide SnSe is obtained with in¬
candescence when sélénium is heated with tin,
as a light-grey lustrous body of crystalline frac¬
ture, not reducible by hydrogen. It is obtained
as a dark-brown precipitate, which becomes
nearly black on drying, by passing seleniuretted
hydrogen into stannous chloride solution. It
dissolves in alkalis and alkaline sulphides (v.
TJelmann, A. 116, 124).

Stannic selenide SnSe2 is obtained by passing
seleniuretted hydrogen into stannic chloride solu¬
tion, as a yellowish-red precipitate which dries
to a brown powder, soluble in caustie alkalis and
alkaline sulphides, and forming stannous selenide
when heated in hydrogen.

According to Little (A. 112,213), it is obtained
as a tin-white, lustrous, easily-fusible mass, un-
affected by hydrochloric acid, but readily decom-
posed by nitrie acid, by heating tin in sélénium
vapour. Ditte (C. E. 95, 641) describes some
double selenides corresponding with the thiostan¬
nates (v. Stannic sulphide).

Stannous chloride SnCl2 is obtained in the
anhydrous condition by heating tin in hydro¬
chloric acid gas, or by heating a mixture of equal
weights of ' feathered ' (Le. granulated) tin or
filings and mercuric chloride, and in monoclinic
prisms of the composition SnCL^HjO (O. Henry,
J. Ph. 12, 134) by evaporating a solution of tin
in hydrochloric acid. The crystals melt at 40°,
and at 100° lose most of their water, together
with a little hydrochloric acid. When dried in
vacuo, or over sulphuric acid, they become an¬
hydrous.

The anhydrous chloride fuses at 249-3° to an
oil which boils at 617-628° (Carnelley a.
Carleton Williams, C. J. 35, 563), or, according
to Biltz and v. Meyer (B. 21,22), at 606-1°. The
anhydrous chloride is sometimes called ' butter
of tin,' though that term is usually applied to
the hydrated tetrachloride. Stannous chloride
is soluble in water and alcohol. On dilution,
the aqueous solution becomes turbid, from pré¬
cipitation, with séparation of hydrochloric acid,
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of a basic chloride 2Sn0.HCl.H20, whieh is
also formed when tbe clear solution is exposed
to the air. Mallet (C. J. 1879, 524) bas ob-
served a gelatinous deposit of the composition
Sn02.HCl, to whieh he has applied the term
chlor-stannic acicl, in a solution of stannous
chloride after long standing. Donath (Rep.
Anal. Chem. 7, 77) eonsiders that this body is
produced, together with stannic hydroxide, by the
action of light on aqueous stannous chloride.

R. Engel (C. R. 106, 1398) has obtained a
body of the composition SnCl2.HC1.3H20, whieh
he calls chloroslannic acid, by passing oxychlor-
ine over the hydrate SnCl^HjO. The crystals
fuse to a clear liquid having the above com¬
position, and depositing, when cooled to —40°,
slender silky needles whieh melt at about — 27°.
Aecording to Ditte (C. R. 97, 42), however, the
liquid contains a chloride of the composition
SnClo.ILO, whieh is also formed by the action of
concentrated hydrochloric acid on the chloride
SnCI2.2H20.

Stannous chloride forms crystalline double
chlorides with the alkalis(u.Benas, C.C. 1884,957,
forming salts of the composition SnCl2.KCl.H,0
and SnCl2.2KCl.H2O). It absorbs dry ammonia,
with formation of a body of the composition
SnCl2.NH3.

Stannous chloride is largely used in dyeing
and calico-printing under the name ' tin salts '
or ' tin crystals.' The use of this sait, or of a
mixture of it with stannic chloride, is extremely
old, and is said to have been known to Cornélius
Drebbel in 1630. A patent was taken out in
England as early as 1748 by 0. Pawl (Spécifica¬
tion No. 630, 1748) for the use of tin dis-
solved in aquafortis, with addition of ammonium
chloride, for dyeing in scarlet.

In making tin sait for these purposes, the
tin is dissolved in stone vats in hydrochloric
acid free from iron and of 20°Bé. Sometimes
the opération is conducted in copper vessels, as
the electrolytic action between the metals faci¬
litâtes solution. No copper enters into solution
so long as any tin remains undissolved. The
charge is heated gently for twelve hours, and the
solution is concentrated to 68°Bé. in copper pans
eontaining pièces of tin to prevent solution of
the copper, and is then allowed to crystallise
(Chem. Zeit. 9, 851).

The hydrochloric acid is frequently mixed
with nitric acid, so that more or less stannic
chloride SnCl, will be présent in the solution
aecording to the proposed use of the product.
The tin is added in portions, and the liquid is
cooled to keep down the production of the
stannic sait. A solution consisting of stannic
and stannous chloride, obtained by dissolving
tin in aqua regia, is used in the préparation of
' fuchsine ' under the name ' nitrate of tin ' or

'physic.'
A solution consisting of stannic chloride,

eontaining more or less stannous chloride, and
used in dyeing under the name ' oxyehloride of
tin ' or ' pink cutting liquid,' is prepared by
adding 1 part of stannous chloride to 1-j parts
of nitric acid of sp.gr. T31 in portions, with
constant stirring to prevent boiling over from
the violence of the action, or by dissolving
337 parts of stannous chloride in 300 parts of
hydrochloric acid (20°Tw.), with the aid of a

minimum of water, and adding 58 paris of
potassium chlorate in portions.

Stannic chloride SnCl4is obtained by passing
dry chlorine over melted tin, or by heating a
mixture of 4 parts of mercuric chloride and 1 of
tin filings. The chloride distils over as a
colourless mobile liquid, boiling at 113-89° at
760 mm. pressure (Thorpe, G. J. 37, 331),
and solidifying at —33° to small wbite crystals
(Besson, C. R. 109, 940).

When exposed to the air, it emits densewhite
fumes, and is finally eonverted into a crystalline
hydrate SnCl4.5H20 (Lewy, C. R. 21, 369), whieh
is also obtained, with évolution of heat, by
mixing stannic chloride with one-third its
weight of water. This hydrate is sometimes
known as ' butter of tin,' or, in dyeing, as ' oxy-
muriate of tin.' Hydrates of the composition
SnCl4.3H20 and SnCl4.8H20 are also known.

Stannic chloride forms crystalline double
chlorides, sometimes called chloro-stannates,
with the alkaline chlorides; thus, 2KCl.SnClt
and 2NH4.NH4Cl.SnCl4, the latter forming the
' pink sait ' formerly much used by dyers.

It dissolves phosphorus and iodine, and
mixes with bromine and carbon bisulphide. It
converts mercury into calomel, and is itself de-
composed by nitric acid, with précipitation of
metastannic acid. Among the bodies produced
by direct combination with other compounds
may be mentioned SnCl4.2NHs, a soluble volatile
solid (Rose, P. 16, 63) ; 3SnCl42PH3, a yellow
fuming solid (Rose, P. 24, 159) ; SnCl4N20„ a
yellow amorphous mass ; SnCl4S03, a white solid
(Rose, P. 44, 320) ; SnCl4PCl5 and SnCl4POCl3
(Casselmann, A. 83, 257) ; SnCl42C2HiH0, a
white crystalline body, and SnCl42(C2Hs)20, a
white crystalline body (Coldridge, P. M. [5] 29,
383,480). A yellow crystalline body SnCl4.2SCl„
fusing below 30°, is obtained by the action
of chlorine on stannic sulphide (Rose, P. 42,
517).

Stannic chloride absorbs large quantities of
chlorine at low températures, with considérable
increase in volume and lowering of tbe melting-
point (Besson, C. R. 109, 940).

Regarding the use of stannic chloride for
dyeing and calico-printing, v. Stannous chloridi.

Tin chlorobromides of the composition
SnCljBr, SnCl2Br2, and SnClBr3 are known (».
Ladenburg, A. 8, 60 ; and Rayman a. Preis,
C. C. 1882, 773).

Stannous bromide SnBr2 is obtained in solu¬
tion by dissolving tin in hydrobromio acid
(Balard, A. Ch. [2] 32, 337). It may be obtained
as an anhydrous, pale-yellow, crystalline mass
by heating tin in hydrobromie acid vapour and
re-distilling the product.

Aecording to Rayman and Preis (A. 223,323),
it melts at 215-5° to a pale-yellow oily liquid, of
sp.gr. 5-117 at 17°. Aecording to Carnelley and
Carleton Williams (C. J. 35,564), it melts at 259°,
and boils at 617-634°.

A hydrate SnBr2.H20 separates in needles or
thin plates from the greenish solution of tin in
warm concentrated hydrobromie acid. It loses
its water in dry air, 01- when heated to 70-80°.
It dissolves in a little water, but is decomposed
by excess, with précipitation of a gelatinous pre-
cipitate (v. Benas, C. C. 1884, 957). A hydrate
SnBi-j^HjO, crystallising in large monoclinic
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labiés, is also obtained from the solution o£ tin
in lijdrobromio acid (Benas, l.c.).

Benas and Bayman and Preis Bave also de-
scribed compounds of stannous bromide with
potassium and ammonium bromide.

Stannic bromide SnBr4 was disoovered in
1826 by Balard (A. Ch. [2] 32, 337). It is ob¬
tained by the action of bromine on tin, preferably,
on account of the violence of the action with
pure bromine, by gradually adding the tin to a
solution of bromine in carbon bisulphide, or by
passing the vapour of bromine over heated tin
(Carnelley a. O'Shea, C. J. 33, 55).

This compound forms a white iridescent déli¬
quescent mass, which, by distillation, is obtained
in small, well-formed, highly lustrous crystals,
melting at 30° and boiling at 201° (uncor.)
(Carnelley a. O'Shea, l.c.), or at 203° (cor.)
(Rayman a. Preis, C. C. 1882, 773), and having a
sp.gr. of 3'349 at 3-5° (Bayman a. Preis, l.c.).

It fumes in the air, and dissolves readily in
water. The solution deposits stannic hydrox-
ide on heating or after standing. A hydrate
SnBr(.fH20 is obtained in colourless transparent
iuming crystals, by exposing the anhydrous
bromide to moist air, or by dissolving in a little
water and evaporating over sulphurie acid.
Oxybromides Sn3Br„0.12H20 and SnBr8O2.10H2O,
obtained from stannic bromide, and a compound
SnBr(.2NHj, obtained by absorption of ammonia
by the warmed bromide, are also known (Bayman
a. Preis, l.c.).

Stannic bromide unités with ether to form
a déliquescent crystalline body SnBrj.fCJIj^O
(Nicklés, C. B. 52, 869). By evaporating solu¬
tions of the mixed chlorides, Bayman and Preis
(!.c.) have obtained the following double brom-
ides: 2NaBr.SnBrj.6HjO, in pale-yellow, solu-
ble crystals; CaBr2.SnBrj.6HjO, in slender dé¬
liquescent needles ; MgBr2.SnBr4.10H2O, in pale-
yellow, déliquescent tables ; MnBr2.SnBr4.6H20,
iu large, pale-yellow, déliquescent crystals ;
FeBtj.SnBrj.6HjO, in greenish, granular crystals ;
NiBr2.SnBr4.8HjO, in apple-green, granular, déli¬
quescent crystals ; and CoBr2.SnBr4.10HjO, in
yellowish-red, déliquescent tables.

Stannous iodide Snlj is obtained by dissolv¬
ing tin in concentrated hydriodic acid. At the
ordinary pressure solution is extremely slow,
but it proceeds more rapidly in a sealed tube at
120-150° (Wôhler a. Diinhaupt, A. 86, 374). It
may also be obtained in yellowish-red needles,
slightly soluble in water and readily soluble in
solutions of alkaline chlorides and iodides, and
in hydrochloric acid, by addition of potassium
iodide in slight excess to a concentrated solution
of stannous ehloride. The aqueous solution is
decomposed by much water, with séparation of
hydriodic acid and a yellow, insoluble body
whose composition varies with the amount of
water présent (Personne, C. R. 54, 216).

Stannous iodide melts at 316° (Carnelley a.
Carleton Williams, C. J. 35, 564) and volatilises
at a red heat. It absorbs dry ammonia, with
formation of a white body probably having the
composition 2NH„.SnI2 (Eammelsberg, P. 48,
169). It unîtes with other metallic iodides, and
with stannous ehloride.

Stannic iodide Snl4 is obtained in yellowish-
red octahedra of sp.gr. 4-696 at 11° (Bôdeker,
Die Beziehung zwischen Dichte und Zusam-

mensetzung, &c., Leipzig, 1860), melting at 146°
and boiling at 295° (Personne, J. 15, 172), by
heating tin filings, preferably moistened with
carbon bisulphide, with iodine to a température
above 50°.

It dissolves in carbon bisulphide, ether, aleo-
hol, chloroform, andbenzene. Water décomposés
it into stannic hydroxide and hydriodic acid.

Stannous fluoride SnF2 is obtained in small,
opaque, white, monoclinic tables of sweetish
astringent taste, by evaporating a solution of
stannous hydroxide in hydrofluoric acid.

Stannic fluoride SnF4 is not known in the
free state, but double fluorides, known as stan-
nofluorides, exist (Marignac, J. 1859,110). Thus
potassium stannofluoride C2SnF6H20 crystallises
in thin glistening plates or rhombic pyramids,
from a mixture of potassium stannate solution
and hydrofluoric acid. From solutions containing
excess of hydrofluoric acid, the sait IC.SnF6HKF2
crystallises out. Many other crystalline stanno-
fluorides are known.

The following is a list of the principal
patents taken out for improvements in the pré¬
paration of tin salts and oxides

J. Greenwood, J. Mercer, and J. Barnes, No.
10,757, 1845 (described previously). J. Young,
No. 12,359,1848, and No. 12,741,1819 (described
previously). T. Bowlandson, No. 12,497, 1819
(obtaining alkaline stannates from tin ore and
' other matters containing tin '). J. Mercer and
W. Blythe, No. 12,897, 1849 (obtaining phos-
phostannate and arseniostannate of sodium).
M. J. Boberts, No. 104, 1852 (obtaining stannic
oxide by roasting the métal in steam or air). T.
Richardson, No. 14,093, 1852 (obtaining sodium
stannate from the oxide of tin obtained in
softening the 'hard lead of commerce'). E.
Haeffely, No. 603, 1854 (described previously).
J. Higgin, No. 766,1854 (obtaining stannous and
stannic ehloride, stannic oxide, and stannates
from scrap tin &c.). J. Dale, No. 2,122, 1855
(oxidising proto-salts of tin with the nitrous
fumes obtained in the manufacture of arsenic
acid ; also obtaining the oxide and stannates).
C.F. Claus, No. 57, 1857 (obtaining ehloride and
oxide from scrap tin). T. Roberts and J. Dale,
No. 2,212, 1858 (obtaining sodium stannate from
the métal by the action of soda and sodium
nitrite). T. Cobley, No. 1,776, 1861 (obtaining
tin silicofluoride). E. Powers and J. G. Dale,
No. 91, 1863 (obtaining stannates from the ore
or métal). J. J. Marçais, No. 1,442, 1866 (ob¬
taining stannous ehloride from the oxide). O.
Ott, No. 890, 1871 (obtaining stannous ehloride
and oxide from tin waste). E. P. H. Vaugban
(communicated by L. Lennig), No. 2,269, 1871
(obtaining alkaline stannates from scrap tin,
&c.). J. E. T. Woods, No. 277,1872 (furnace for
making stannates). F. G. Morton, Nos. 1,739
and 3,676, 1872 (obtaining stannous ehloride
from scrap tin, &c.). A. Gutensohn, No. 258,
1873 (the samej. J. Stuart, No. 1,276,1874 (the
same). C. H. Silber (communicated by L.
Gonin), No. 3,064, 1875 (obtaining tin oleate).
E. A. Parnell, No. 3,183, 1876 (obtaining tin
oxide from scrap tin). A. P. Price, No. 2,119,
1884 (obtaining sodium stannate from scrap tin).
H. J. Haddan (communicated by A. Lambotte),
No. 14,672, 1884 (obtaining stannic ehloride
from waste tin plate by the action of chlorine).
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H. H. Lake (communicated by Wirth & Co.),
No. 10,018, 1885 (obtaining stannous cbloride
by the action of hydrochloric acid gas on scrap
tin at elevated températures). J. J. Hood and
A. G. Salamon, No. 12,110, 1886 (preparing and
purifying metastannic acid). J. Bang and A.
ltuffin, No. 70, 1890 (obtaining metastannic acid
or sodium stannate from scrap tin &c.).

TINCAL. Crude borax v. Boiion ; also
Sodium biboratc, art. Sodium.

TIN MORDANTS v. Dyeing.
TIN PLATES v. Tin.
TIN PYRITES. Stannine, tin sulphide, bell

métal ore Cu.,(Fe.Zn)SnS4. A sulpho-stannate
of copper and iron, occasionally containing zinc,
found in Cornwall, and to a small extent in
Ireland ; also at Zinnwald in Bohemia. Crys-
tallises in forms derived from the regular Sys¬
tems. Opaque ; colour, steel grey, but fre-
quently yellowish from intermixture of copper
pyrites. H = 4, sp.gr. 4'3-4-5. On charcoal
before the blow-pipe melts to grey brittle bead,
containing copper and iron, and surrounded by
a white sublimate of stannic oxide. Easily de-
composed by nitric acid, forminga blue solution,
with séparation of sulphur and stannic oxide.

TIN SALTS or TIN CRYSTALS (Stannous
chloride) v. Tin salts and oxides, art. Tin.

TIN STONE (Native oxide of tin) v. Tin
salts and oxides, art. Tin.

TINTOMETER v. Colokimetek.
TIN WHITE COBALT. Smaltine, Arsenide

of cobalt v. Cobalt.
TITANITE v. Titanium.
TITANIUM. Sym., Ti. At. wt. 48-01 (Thorpe).
Titanium is not found in the free state, but

oceurs as oxide in three minerais of différent
crystalline form : rutile, anatase, and brookite.
It is found as titaniferous iron ore or ilmenite
(FeTi)203, and in smaller quantifies as sphene
or titanite CaTiSiOs, perofsîcite (CaFe)Ti03, and
scliorlcrmite Ca(TiFe)Si05. It oceurs in mag-
netic iron ores, and is thus frequently found in
slags and pig iron ; and in other minerais, in
soils, clays, certain minerai waters, and in the
sun's atmosphère. The presence of titanium
oxide in clays considerably reduces their refracti-
bility. Titanium is said to be diffused through-
out ail primitive granité rocks (Dieulafait).

Titanium is a dark-grey amorphous powder
of iron-grey lustre. When heated in air it
ignites with a vivid flash, with formation of the
oxide and some nitride. When heated with red
lead it ignites with détonation. It décomposés
boiling water, is soluble in dilute acids, and
combines with chlorine at high températures.

Titanium resembles tin in its liquid volatile
tetrachloride and acid forming dioxide, but in
forming a sesquioxide and the corresponding
compounds it resembles iron.

Four oxides are known, TiO, Ti203, Ti02,
and Ti03, and several titanic acids and titanates
corresponding to the dioxide.

Among the compounds of titanium may be
mentioned : three chlorides, TiCl2, T^Clj, TiCl4, a
tetrabromide,tetriodide,tetrafluoride,titanofluor-
ides of the alkalis and alkaline earths, three sul-
phides, TiS, Ti2S3, and TiS2, and three nitrides.

TITANIUM GREEN. Titanium ferroeyanide,
prepared by adding potassium ferroeyanide to a
solution of hydrated titanic oxide in hydro¬

chloric acid, has been suggested as a substituts
for Schweinfurth green and other arsenical
pigments (Elsner, D. P. J. 905, 130 ; Gentele,
D. P. J. 140, 238).

TITRATION v. Analysis.
TIZA. A name for boronatrocalcite, found in

the nitrate of soda deposits in South America.
TOAD'S EYE (Native oxide of tin) v. Tin

salts and oxides, art. Tin.
TOBACCO. Tobacco is the name given to

the dried leaves of the various species of the
genus Nicotiana, of the order Solanaeeœ, and is
said to be derived from the word tobaco, or tabac,
the name of the instrument in which the natives
of America smoked the leaves. Of the various
species, Nicotiana Tabacum is by far the most
extensively cultivated. It is a fine plant, and
grows to the height of 6 or 7 feet, with large
oblong leaves, which embrace the stem at their
base, and with a pink flower. It constitutes a
very large proportion of the tobacco of commerce,
and is grown nearly ail over the world. American
tobacco is almost exelusively of this species,
although tliere are many varieties of it, such as
Kentucky, Big Frederick, "Virginian, Maryland,
and probably Havannah. The next species in
importance is Nicotiana rustica or Syrian
tobacco. It is a comparatively small plant,
with a stem about 3 or 4 feet in height, to
which the leaves are attached by stalles, and its
flower is green. It furnishes the Turkish,
Syrian, and probably the Latakia tobacco of
commerce. It is a native of America, but is
grown chiefly in Asia, Africa, and Europe. It
is a hardier plant than the preceding,of quicker
growth and earlier maturity, and in the dry
state is sometimes green. The third important
species is Nicotiana persica, or Shiraz tobacco.
It is a native of Persia, with oblong stem-
leaves, and its flower is white. There are other
species, and many varieties of the plant of less
importance.

The use of tobacco for smoking and chewing
purposes is supposed to have been originated by
the North American Indians at a very early
period. When America was first discovered,
and afterwards when fresh portions of the coun-
try were explored, the practice was found to
be prévalent among ail the tribes. Its intro¬
duction into Europe very soon followed. The
plant was first cultivated in Spain, afterwards
introduced into Italy in 1560, and into France
at about the same period. Sir John Haukins
is stated to be the first to have broughtthe plant
into England in 1565. The custom of smoking
it quickly succeeded its introduction, and the
growth of the habit in spite of the immense
amount of opposition of ail kinds is a very
remarkable circumstanee. Nearly thewholeof
the early literature on the subject was written
antagonistically. Kings' ' counterblasts,' Popes'
anathemas, Sultans' decrees, laws, orders,
violent punishments &c., proved of no avail.
Plantations sprang up, and when the use of
tobacco was found by taxation to yield a fair
amount of revenue, the princely deprecations
became more modified and finally ceased. In
England the custom is still growing, the annuel
consumption per head of population heing 117
ounces in 1821, 16-3 ounces in 1851, 22-3 ounces
in 1881, and close upon 26 ounces in 1891.
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The tobacco plant contains a large number of
the organic constituents common to the vege-
table kingdom, amongst which may be mentioned
cellulose, stareh, albuminoids, glucosides, gums,
chlorophyll, and many organio aeids, but the
characteristic organic constituent of the plant is
the alkaloid nicotine, with which is generally
associated the essential oil, or tobacco camphor,
as it is ealled, viz. nicotianin. It is on the propor¬
tions which ail these organic substances bear to
one another in the plant tliat the aroma and the
taste of the tobacco dépend. The burning pro-
perty is also infiuenced somewhat by them, but
it is likewise very much affected by the quantity
and the quality of the minerai constituents.
The freshly-eut green leaves contain between
85 and 90 p.c. of water, and when dry contain
roughly, according to Fliickiger, cellulose 7 to 8
p.c.; albuminoids, 15 to 25 p.c. ; gum, 4 to 6 p.c. ;
resin and fatty substances, 2 to 6 p.c. ; and stareh
3 to 6 p.c. The nicotine varies in différent kinds
of tobacco from 1 to 9 p.c. Syrian tobacco con¬
tains about 1 or 2, Havannah andManilla 2 to 3,
Virginian and Kentucky up to 7, while other
kinds, such as French, sometimes contain as
much as 9 p.c. The nicotianin is said to be pré¬
sent in very small quantity, only 11 grains being
reported as obtained in one case from 6 pounds of
tobacco. It is supposed that the aroma dépends

Percentage composition of Ai

largely on the presence of this substance, and it
is believed that the conditions of soil and
climate which are conducive to its production
are precisely those which are unfavourable to
the production of nicotine. It is quite elear
that the good quality of a tobacco is not dépend¬
ent on the high percentage of nicotine présent,
as the most delicately-iiavoured varieties are
those which contain only a small quantity of it.
The cellulose, albuminoids, gums, &c., give olï
objectionable odours on burning, and it is the
process of fermentation which gets rid of or
modifies some of these bodies when présent in
considérable quantity. The fermentation, on
the other hand, should not be excessive, as am¬
moniacal salts are thereby produced, which are
objectionable. Some of the tropically grown
varieties contain little of these prejudieial sub¬
stances, and, as a resuit, fermentation is less
extensively necessary, and sun-drying is very
often sufficient. The organic acids in tobacco
are chiefiy malic, citrie, oxalic, peetic, and
sometimes acetic, but the last has only been
found in fermented leaves.

The following analyses have been selected
from the United States Statistics for Agriculture
(1880). They show a wide variation, and illus-
trate the difficulty of laying down anything like
a definite composition for tobacco.

■erican tobacco (dried at 100°C.)
— 1 2 3 4 5 6 7 8 9

Nicotine 3-26 4-30 5-29 3-12 4-32 4-25 4-06 1-14 1-04
Resin and fatty substances 4*15 4-65 4-99 5-34 6-28 7-26 4-29 2-93 4-02
Stareh 5*89 2-75 3-54 4-45 2-45 2-79 3-22 3-14 3-67
Glucose 6-89 2-75 o-oo o-oo o-oo o-oo o-oo o-oo o-oo
Albuminoids (N x 6*25) 16-09 13-66 16-54 15-98 15-80 16-50 18-09 17-33 14-62
Pectic acid (anhydride) . 6-19 7-46 6-01 7-49 6-66 7-43 6-29 11-24 12-59
Citric „ „ ... 2-12 2-84 2-99 4-05 1-18 4-31 5-80 4-95 1-61
Malic „ „ ... 5-02 7-58 5-51 9-26 3-94 7-90 10-09 5-04 5-46
Oxalic „ „ ... 0-84 1-03 1-30 2-18 3-49 2-06 0-92 0-95 0-94
Acetic

„ „ ... 0-42 0-55 0-39 0-64 1-62 0-28 0-31 0-48 0-57
Nitric „ „ ... o-oo 0-00 1-55 o-oo o-oo 1-65 3-23 2-39 o-oo
Ammonia 0-33 0-32 0-98 0-48 0-76 1-65 0-65 0-62 0-22
Cellulose (crude fibrs) 9-58 9-24 9-68 12-18 9-08 8-30 10-61 15-23 15-12
Sand 0-55 2-38 2-25 0-66 4-17 0-76 1-34 1-48 1-64
Ash, exclusive of sand and carbonic

anhydride 12-41 13-36 14-37 16-06 13-30 15-54 15-10 18-56 17-98
ïïndetermined 26-26 27-13 24-61 18-11 26-95 19-32 16-00 14-52 20-52

100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00

In the above table the analyses are of the
following varieties of tobacco :—

1. Virginia, uncured ; for manufaeturing
plug tobacco.

2. Virginia, fire-cured ; for the German and
Continental trade ; low grade.

3. Tennessee, Clarksville ; fire-cured ; gummy,
for the German and English markets. Soil ;
heavy rich loam.

4. Kentucky, Mason county ; air-cured ; for
cutting or plug tobacco.

5. Louisiana, ' Perique ' tobacco ; ' cured in
its juiees.'

6. Louisiana, ' Perique ' tobacco ; air-cured.
7. Connecticut seed-leaf, New Milford. Soil :

rich loam.
8. Connecticut seed-leaf, Hartford. Sandy

soil.
9. Pennsylvania seed-leaf, Lancaster county.
The ash of tobacco varies in quantity, but is

generally between 12 and 20 p.c. of the dried
Von. III.-T

sample, and it is on its composition that the
burning qualities of tobacco so largely dépend.
It invariably contains potash, soda, lime, magne-
sia, alumina, iron oxide (trace), carbonic, silicic,
phosphoric, and sulphurie acids, and chlorine.
The potash may be présent to the extent of 30 p.c.
of the total ash, and in the tobacco should be
mainly combined with the organic aeids. It is
eonsidered that the ready décomposition of these
organic potash salts by heat constitutes a good
burning tobacco. Potassium nitrate also assists
in the burning, and is often added to inferior
material, but it is not essential, and some of the
best varieties of tobacco contain little or none of
it. The potash salts are converted into carbonate
by burning ; consequently, the combined pre¬
sence of potash and carbonic acid in quantity in
the ash is a good indication. From the excess
of these two constituents the others should be

présent in small quantities, the lime generally
lower than the potash, and smaller quantities of

3 I
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soda, magnesia, and alumina. Iron is objection-
able, as giving a red ask. Silicic and phosphoric
acids may be présent to a considérable extent
without détriment to combustion, but sulphates
do not assist combustion, and chlorine, unless
présent in small amount, retards it. The leaves
of tobacco contain more lime, magnesia, and
silicic acid, and less alkali, phosphoric acid, and
chlorine than the stalks ; and potassium nitrate,
which is not présent in fresh leaves but only in

The numbers of these analyses correspond to
the same varieties as those in the previous table
of the complété analyses of the dried American
tobaccos.

The forms in which tobacco is imported into
this country are many and various. There are
numerous kinds in the market, each with its
own name or brand, but the manufacturer
generally buys his material according to its
suitability for the purpose for which he requires
it. Commercial tobacco, as a rule, is classified
under fiveheads—common, middling,good, fine,
and selected—but of course eaeh manufacturer
can have his own particular method of assort-
ment. Tobacco is not purchased merely upon
its belonging to one of the above classes. Thus
one tobacco may be chosen simply for its colour,
another for its aroma, another for body, another
for its drinking power—that is, its power of ab-
sorbing and retaining moisture without becoming
too wet ; again, a ' fiery ' tobacco, containing a
considérable amount of potassium nitrate, may
be chosen to mix with other material difiieult of
burning, while a tobacco like Chinese—a very
light yellow material, nearly white in colour,
without body, and almost flavourless—may be
selected entirely for produeing variety of colour
in mixtures. The following are some of the
chief imported varieties:—Virginia, Kentucky,
Maryland, Western leaf and strips, Indiana, &c. ;
Java, Japan, China, Ceylon, Turkish, and Ger-
man. Some of these corne over in the full leaf,
some with the mid-ribs removed ; these latter are
known as ' strips.' Most of them arrive in hogs-
heads, in which they have been packed in
bunches of ten or a dozen leaves tied round with
another one, or packed indiscriminately : while

dry, also prédominâtes in the stalks and is pré¬
sent even in the green stalks and veins. From
these causes the stalks burn more readily than
the leaves, and it is their presence in the so-called
' bird's-eye ' tobacco, when saltpetre is not sur-
reptitiously added, which renders that tobacco
so easily combustible and hot.

Many analyses of the ash of tobacco have
appeared. The following are examples of
American varieties :—

some of the more tender varieties, sueh as Turk¬
ish, Chinese, and Ceylon, have been carefully
packed leaf upon leaf.

Imported tobaccos, although apparently quite
dry and very crisp and brittle, generally contain
from 10 to 20 p.c. of water, and on the average
about 14 p.c. Very few eommodities of com¬
merce are subject to so many requirements as
tobacco, and especially is this the case with those
kinds used for eigar-making. Leaves for such
a purpose must be of a good colour and fair
body, possess a pleasant aroma, émit an agree-
able odour on burning, have a fairly fine texture,
a certain amount of toughness, the ribs and
veins must be small, and last, but not least, the
material must burn well. The burning test for
a cigar tobacco is to ascertain whether the leaf
will continue to smoulder after it is oncelighted.
Cigars are sometimes made of leaves that will
not stand this test, in which case a quantity of
fiery tobacco is generally mixed in with them,
but, needless to say, these are inferior articles,
and, unless very carefully made, do not burn
evenly.

In the manufacture of cigars the leaves are
first moistened with water, opened, stripped of
the mid-rib, smoothed, and sorted, the perfect
half-leavés being put on one side to be used as
wrappers. A fairly good strip is taken and eut
into the shape of a balloon gore, fragments and
cuttings of the leaf, called the 'fillers,'areplaced
near one end, and the strip is wrapped round
them. Over this is then wound spirally a long
narrow reetangular slip, called the wrapper,
commencing with the open end and finishing at
the pointed or mouth end. The cigars are then
gauged, and eut to length, partially dried, and

Perccntage Composition of Asli, exclusive of Sand and Carbonic Acid.
■— l 2 3 i

Total ash in dried leaves 14-29 17-42 ' 19-21 21-85
Ash exclusive of sand and C02 . 12-41 13-36 14-37 16-06

Analyses.
Potash 34-16 26-55 33-15 39-51
Soda 0-26 0-22 0-15 0-86
Lime 31-76 36-96 36-48 39-80
Magnesia 7-91 11-51 11-85 5-34
Ferrie oxide 0-58 0-95 0-51 1-56 .

Alumina ........ 1-22 1-81 0-95 0-51

Manganous oxide 0-00 0-00 0-25 0-13

Phosphoric anhydride 3-81 3-23 4-42 6-09
Sulphuric 4-99 4-27 6-16 4-52
Silicic „ 1-39 3-29 3-42 1-20
Chlorine 13-92 11-21 2-66 0-48

•
100-00 100-00 100-00 100-00
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packed. Great dexterity is neeessary in making
cigars, especially in manipulating the shape and
keeping them to size and weight, as well as in
evenly packing. Good cigars should be made o£
the one kind of leaf, but in the common kinds
the interior very often consists of a mixture, and
sometimes very inferior material is got rid of in
this way, care being always taken to conceal it
in an attractive wrapper. It has been found
that in some cases of foreign-made cigars the
wrapper has contained a considérable quantity
ofsaltpetre, while the interior, consisting of the
same tobacco, has none. This would seem to
show that saltpetre had been purposely' added
to render the former more combustible, so as to
burn down evenly with the other part.

The bulk of the imported leaves, however, is
usedfor the manufacture of smoking tobaccos. Of
thesethere are two classes—the eut, and the twist
or cake tobacco—with various kinds belonging to
each. Ali manners of mixtures of the various
hrands of leaves are used in making these. The
imported tobacco is moistened with water, and
covered over with cloths until the whole has
hecome sufllciently damp and flaccid to allow
the leaves to be easily opened. Steaming facili¬
tâtes this opération, after which the material is
chosen, and treated according to the variety of
saleable tobacco required. Shag is generally made
from thestronger varieties. The leaves are stripped
as in the case of cigars, and sprinkled with sauce,
which should be only water, but to which sait
is sometimes added. They are then placed in a
square iron box, and pressed into a cake. During
this opération, the excess of the water or ' liquor,'
deeply coloured with extractive, is squeezed out.
This is sometimes used as sauce for mixing
with other kinds of tobacco, and is occasionally
sold as a sheep-wash and as an insect-destroyer.
The cake is then submitted to the action of a

meckanical cutting machine, somewhat similar
to a paper-cutting machine, with an adjustable
feed, by which it is eut into shreds of the desired
fineness. These cuttings are submitted to a gentle
beat, pulled, mixed, and, with the desired amount
of moisture présent, are sent into the market.
' Bird's-eye ' is prepared in a somewhat similar
manner, but the mid-ribs of the leaves are not
removed. It is from the faneied resemblance of
the cross-seetions of these mid-ribs to the eyes
of birds that the name has originated. ' Beturns '
is made up of the broken pièces of leaves and
the siftings from the various proeesses of manu¬
facture. There are many other varieties of eut
tobacco, with ail kinds of faneiful names ; some
are simple tobaccos, and some are very eomplex
mixtures, the choice of this, and also of the
name, depending entirely on the will of the
manufacturer. In some coarse-cut mixtures the
différent kinds of tobacco présent can readily be
discerned—the light-yellow shreds being Chinese,
the black generally eut Cavendish, while the
intermediate coloured shreds can be traced to
the American tobaccos. These mixtures are

sometimes scented to improve their aroma,
although, of course, the scent is entirely lost in
smoking. Neroli oil, or oil of orange-fiower,
mixed with alcohol is often used for this pur-
pose.

Twist or cake tobacco is made by stripping
the leaves, placing them end to end, and twisting

or spinning them into ropes of varying tliickness,
either by hand or by a spinning wheel. The
rope so obtained is then coiled round a reel, or
wound into a bail, and the whole is steeped in
' liquor, ' pressed and oiled with sweet oil. Pigtail,
Bogie, Negrohead, and other rolls are produced
in this way, the chief différence between them
being in the thickness of the rope. It was in
these tobaccos, especially the thicker varieties,
that a large amount of water used to be got rid
of, the quantity présent often being between 40
and 50 p.c. The darkest and strongest kinds of
leaves are usually employed in this branch of
manufacture, as also in the préparation of
Cavendish or cake tobacco. To préparé the
iatter, the leaves are generally sprinkled with a
liquor, or infusion of leaves and stalks, allowed
to ferment, during which process the colour
darkens, and then placed in heaps and squeezed
into small cakes. Ali these varieties of twist are

darker and strongor than the ordinary eut
tobaccos. In America milder forms of cake are

made, and it is often the eustom to préparé them
for the purpose of ehewing by previously satura-
ting the leaves with liquorice or molasses, but
in England this is illégal, as also is the sale of
such tobacco.

Cigarettes are generally made of the fine-cut
Syrian speeies of tobacco, such as Turkish,
Salonica, &c., which are mild and of little, though
agreeable, flavour. Beeently American tobacco
has been employed in this manufacture, and
with a certain amount of success.

Snuff is made almost entirely of the stalks
and mid-ribs of tobacco, but a little of the finest
parts of the leaf is sometimes worked in. It is
sold in two forms, dry and moist, and the
différence in quality is dépendent on the flavour,
the pungency, and the scent. The dry snuffs
are, as a rule, more finely ground than the moist,
and they comprise the well-known Welsh, Scotch,
and Irish varieties ; while the moist snuffs in-
clude most of the prepared kinds with faneiful
names. The stalks are eut into small pièces,
moistened with water—sometimes lime-water—•
and allowed to ferment, frequently for months.
They are then ground to the requisite degree of
fineness in an iron mortar, with a pestle to
which a rotary and grinding motion is given.
The material is dried and flavoured for Scotch
snuff. For Irish and Welsh snuffs, the stalks,
previous to grinding, are gently roasted, by
which the characteristic smell of these varieties
is produced. The stalks are ground wet for
moist snniïs in a kind of grindstone mil], and
the material is kept moist and fermented after
this opération. The depth of colour dépends on
the degree to which the fermentation is carried.
With the fermented material is then mixed sait,
sal-ammoniac, lime-water, or the other alkaline
salts allowed by the Excise, and the mixture is
scented, moistened to the right degree, well
mixed, rubbed through a sieve, and sent into the
market. Sait is supposed to preserve snuff from
mouldiness and to assist it in retaining moisture,
while the sal-ammoniac &c. add to its pungency.
The moisture should be about 25 p.c., but very
often it is as much as between 40 and 50 p.c.
The seents used for this purpose are generally
otto of roses, oil of bergamot, orris root, or laven-
der ; or mixtures of these. Snuffs, and moist
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snulïs especially. are very liable to adultération.
Amongst other things the following have been
found présent : oxides of iron, red lead, ehrom-
ate of lead, and chromate of potash as colour-
ing materials ; carbonate of potasb, chalk,
alkaline and earthy phosphates, sulphates,
excess of sait, lime, &o. as diluents ; and some
snuffs lrave been found to be quite free from the
tobacco plant.

AU kinds of vegetable matterhave been used
for the adultération of tobacco, amongst the
most frequently found substances being dock,
rhubarb, coltsfoot, cabbage, potato, oak, elm,
endive, chicory, hay, wheat, gum, &c. ; saccha¬
rine matters, such as treacle, liquorice, honey,
&c. ; while there are a host of minerai adultér¬
ants, viz. sait, sal-ammoniac, nitrates, carbon¬
ates, and sulphates of the alkalis and alkaline
earths, yellow ochre, umber, sand, copperas, &c.
Glycerin bas alsobeen found in tobacco—added,
probably, to assist it in retaining moisture. By
recent législation, when the duty on imported
tobacco was slightly reduced—in 1887—the
amount of water permissible in manufactured
tobaccos of ail kinds was restricted to 35 p.c. of
the total weight, dried at 100°C. ; consequently,
any water présent over and above this amount is,
at the présent time, an adultérant. Cigars, as a
rule, are rarely adulterated with foreign material.
They are very often not what their outside
appearanee would represent them to be, but the
interior is generally tobacco, although possibly
of a very inferior kind. Cases have been known
of cigars containing hay and brown paper, but
these are rare. The chief imposition in respect
to cigars seems to be the practice of placing
liome-made articles in imitation foreign boxes.
Another custom is to send Continental cigars
out to the West Indies, trans-ship, repack them
if necessary, and send them back again as a
spécial brand.

Tobacco is analysed, as regards its organic
andinorganicconstituents, bythe usual methods
described in many books on agricultural and
quantitative analysis. It will suffice here to
describe the method for the estimation of the
nicotine. Twenty grms. of the tobacco are
digested with 100 c.c. of alcohol (3 vols, of "830
alcohol to 2 vols, of water), or dilute sulphuric
acid may be substituted for this ; water is then
added, and the solution is filtered through mus-
lin, rendered alkaline with potash, or preferably
lime, and distilled in steam. The distillate is
neutralised with oxalic acid, evaporated to dry-
ness, and the residue washed with water-free
ether, in which nicotine oxalateis insiluble. A
solution of potash is then added to the residue,
and the liquid shaken with ether and separated.
The ethereal solution of free nicotine is evapo¬
rated spontaneously, or by the aid of very little
beat, water added, and the base estimated by
titration with standard sulphuric acid, using
litmus as the indicator ; 1 c.c. decinormal sul¬
phuric acid is équivalent to -00324 grm. of
nicotine.

English-ghown Tobacco.

In 1886, owing to the agricultural dépression
in this country, the question of cultivating the
plant at home was raised, and permission was
obtained, with rather severe restrictions, to

make experiments on the subject. So promis-
ing were the results that permission, with modi-
fied restrictions, was again obtained in 1887, and
the further experiments were so successful as
regards the crop that the question of a new in-
dustry in the country was seriously discussed.
It was deemed certain that with very slight
assistance from the Government, in the shape
of a little concession of duty, the country would
have been relieved from its embarrassed agricul¬
tural position. Such a thing, however, was not
entertained by the authorities, and the whole
idea of cultivation met with so much opposition,
interested and otherwise, that the scheme
wavered, and has, for the time being, become
dormant. It was certainly proved that tobacco
could be grown in this country as a farm crop,
although it was not to be expected that the best
Havannah leaves could be grown here, any more
than they could be cultivated in Germany or
Kentueky. The manufactured tobacco which
was obtained was hardly a fair test of what
might be done, on aecount of the insufficiency
of experiments in the curing and fermentation,
each variety of the plant, as is well known,
requiring its own spécial method of treatment.
This part of the subject was never fully
examined, and, in fact, was scarcely entered into
at ail in a practical sense. The whole thing was
prematurely condemned.1

A chemieal examination of some specimens
grown in the cretaceous soils of Kent showed
that the ground had been heavily, and to some
extent improperly, manured. On the next page
are some analyses of the ash of these tobaccos
made by Arthur Wingham.2

In the analyses Nos. 1 and 2 are the re¬
sults obtained with tobacco grown at Favers-
ham, by Lord Harris ; Nos. 3 and 4 at Sitting-
bourne, by C. de L. Faunce de Laune ; and No.
5 at East Mailing, by W. L. Wigan.

Some English tobacco was examined for
nicotine, and the following figures were reported
by J: A. Voelcker :—

Light variety, 3-62 p.c. of nicotine
Dark „ 2-41 „ „

A comparison of these ash analyses with
those of the American tobaccos will indicate the
discrepancies of the former, due in part to in¬
correct manuring and partly to natural deficien-
cies of the soil. Common sait and kainit were

largely used as manure in the English experi¬
ments. These materials should not be used, on
aecount of the chlorine in them. Fertilisers
should be carefully chosen, in accordance with
the previously-mentioned facts. If potash is
wanted in the soil, the sulphate should be
employed in preferenee to the ehloride. In
America, where the soil is a calcareous one and
the tobacco contains little potash, the leaves are
sometimes sprinkled with a solution of citrate or
acetate of potash to remedy the defeet.

The tobacco plant is a most voracious one
for minerai matters, and will take up almost
anything from the soil ; by heavy manuring it
may be forced to an extraordinary extent. This

1 Vide Journal of the Royal Agricultural Society of
England, vol. xxiii. part i. Tobacco as a Farm Crop for
England, by C. de L. Faunce de Laune.

■ Ibid. Also S. C. 1. 1887, pp. 76, 162, 400 et seq. English-
grown Tobacco, by Arthur Wingham.
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Perccntaga Composition of Ash.
1 2 3 4 5

,

Total ash in dried leaves . 25-28 21-19 24-35 23-23 17-03

Analyses.
Potash 8-02 7-38 9-52 10-14 11-32
Soda 4-42 4-45 3-98 2-40 0-91
Lime ..... 41-02 43-10 37-59 39-22 35-83

Magnesia ..... 3-96 3-92 3-48 3-85 3-49
Iron oxide and alumina Nil Nil 0-68 '50 0-70
Phosphoric anhydride 2-64 2-80 3-24 2-14 5-25

Sulphuric anhydride . 4-95 4-55 5-61 8-58 5-82
Silica 1-43 1-89 0-13 8-41 6-51
Chlorine 28-02 28-52 9-15 8-42 9-68
Carbonic anhydride (by difï.) 11-85 9-09 22-08 18-18 22-07

100-31 100-42 102-00 101-90 102-18
Deduct oxygen equiv. for chlorine 6-31 6-42 2-00 1-90 2-18

100-00 100-00 100-00 100-00 100-00

draining o£ the soil, no doubt, is the origin of
tke idea that the tobaceo plant poisons the land,
since cases have been known of inability to grow
anything after a crop of tobaceo. The plant is
essentially a tropical one, but it can be readily
grown in temperate climates. The soil should
be, by preference, an alluvial or a light sandy
one, and should be rather rich in potash. The
opérations in the cultivation of tobaceo vary, of
necessity, aceording to the country in which it
is grown, and also to local fluctuations in cli-
mate. The seed-bed should be a light friable
soil, well broken up some months before
sowing, and with a drain running round it. A
brush-heap is usually first burnt over the ground,
to kill weeds and supply potash. The seeds are
mixed with wood ashes, and sown towards the
middle of March or April, aceording as the
spring is early or late. In cold climates, such
as England, the seeds are sown in hot-beds.
The seed-bed is covered, after the seeds have
been sown, with a manure and a sprinkling of
ashes, and finally with eut straw or small
branches of trees, to protect the seedlings from
cold. In India protection from sun and rain is
necessary, and this is procured by erecting an
awning of straw, leaves, or cloth on sticks a few
feet above the ground. The soil is kept moist,
but not wet, and the plants, which appear in
about a week, require fréquent but gentle water-
ing. In two or three weeks they are thinned
out, and in seven or eight are transplanted,
generally when there are five or six leaves on
them, exclusive of séminal leaves. This, as a
rule, is done in June and in wet weather. The
land is previously ploughed several times and
ridged. The ridges are flattened at the top, and
the seedlings plaeed in small hollows on the
ridges, a sufficient distance apart—about three
feet—to allow room for growth. The transplant-
ing is done in the evening or at night, except in
cloudy weather, when it is earried on in the
daytime. If the weather is dry, the plants are
carefully watered, night and morning, until cir-
cumstances render this unnecessary. The plants
rapidly shoot up, and are watched carefully for
insects.

The grower generally classifies his leaves
into three sorts, viz. strong, médium, and
mild. The first of these consists of the leaves
nearest the roots, the second those in the middle,
and the mild ones are at the top of the plant.
When the flower first shoots it is nipped off, so
that ail the nutrition may go to the leaves.
This topping, as it is called, is not done in
Turkey and some Eastern countries, where
small leaves are required, and where, sometimes,
the leaves, buds, and flowers are ail used. The
number of leaves on a plant may be regulated,
aceording to the quality desired, by nipping the
stem earlier. Thus a plant may be made to
yield eight or ten leaves of a strong flavour, or
a few more of a médium flavour, or still more of
a mild kind. Suckers appear, after nipping the
plant, at the junction of the leaves and the
stem, and these are removed as quickly and
completely as possible, since they grow very
rapidly, and to a considérable length, and drain
the plant of ail its nourishment. The harvest
generally takes place in August or the beginning
of September, and the methods of cutting are
various. Some planters aim at a uniform
quality of leaf by cutting a few leaves from the
plant nearest the roots, leaving it eight or ten
days for the other leaves to strengthen, then
cutting a few more leaves, and so on. Others
eut the stems close to the ground, and leave the
whole plant to dry in the sun. The best method,
however, especially if the stems are large,
appears to be to split the stems nearly to the
bottom after cutting, and to hang the plants on
sticks to dry.

The drying, curing, and fermenting of the
leaves are processes the nature of which dépends
entirely upon locality. Thus in India, Ceylon,
and some Eastern countries the leaves are

simply sun-dried, and sent into the market. In
Europe they are artificially dried, while in
America both natural and artificial methods are

employed. In some parts they are hung till the
spring, and then bulked ; in others they are
dried in the drying-house, plaeed in heaps and
covered over, and left for a week or two to fer¬
ment, with occasional turning over to prevent
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excessive fermentation ancl spontaneous firing.
When fermentation is complété the leaves are
sorted, partly dried, and packed under pressure
in barrels or liogsheads. A variety of opinion
exists as to the best température for artificial
drying, but 70°F., with a maximum of 90°,
seems to be that usually aimed at.

The colour of the dried leaves is governed
very much by the détails of drying. Thus a
fresh leaf subjected at once to a high tempéra¬
ture and dried rapidly will be green, while a
gradually dried one will assume c light-brown
colour. The colours change during slow drying,
and the leaves may acquire a light-yellow, vary-
ing to a darker yellow or light-brown tint, and
thence vary in shade to the' darkest brown. It
is possible to fix these colours at any desired
shade, and this art of fixing, in connection with
large quantities of material, is one of considér¬
able financial importance, since the colour takes
a prominent position in the commercial value
of the leaf.

Sir Walter Baleigh is generally credited with
the distinction of being the first to introduce
the cultivation of tobacco into the British Isles
in 1586, although he did not bring over the first
specimens. From the beginning its cultivation
was successful, but it was prohibited by James
I. and Charles I., although with little efïect.
When the imported article was made a source
of revenue, the home-grown tobacco was heavily
taxed, as it was hoped this would lead to the
abandonment of its cultivation through want of
profit ; this action being taken on account of
the difficulty of collecting the duty, and because
of the chances of fraud on the revenue in con¬

nection with the native material. This sus-

pected évasion of duty took place extensively,
and in 1652 the cultivation was prohibited in
England, the plantations being afterwards
ordered to be destroyed. The surreptitious
growth, however, continued, and it was not
until the reign of George III., by an Act passed
in 1782, that the cultivation could be finally
stopped, and what might have been a profitable
industry was forcibly driven out of the country.
The Yorkshire plantations were by this Act
destroyed, and the planters fined and im-
prisoned—30,0001. being paid as penalties.
The growth in Ireland, where it had not been
so harshly dealt with, was not suppressed until
1831.

The présent annual revenue from tobacco
to the United Kingdom is close upon ten mil¬
lions sterling. Consequently, any scheme which
would in any way tend to a re-arrangement of
the macliinery of the body whose function it is
to collect this sum would naturally be strenu-
ously opposed by the officiais most concerned.
The amount of dut}" paid is out of ail proportion
to the actual value of the commodity ; thus, it
is ten times the value of the inferior qualities
of imported leaf, and three times that of the
best kinds. The largest quantity of tobacco is
imported from the United States, and a con¬
sidérable amount from Germany, with smaller
quantities from Japan, India, China, and other
Eastern countries. Cigars are chiefly brought
from the West Indies, Philippine Islands, Ger¬
many, and, of recent years, Mexico. The manu¬
facture of snuff not increasing simultaneously

with the consumption of tooacco, large amounts
of stalks, which are not used by the manufac-
turers, enter this country, and are duty paid as
tobacco. These are returned to the Customs
officiais, and by them destroyed or buried at
sea, and it is usual to allow a rebate of duty ou
them. A. \V.

TOBACCO-SEED OIL. Tobacco seeds yield
on pressing about 30 p.c. of a greenish-yellow,
mild, and odourless oil, sp.gr. 0"923 at 15°,
solidifying at —25°, which quickly dries when
exposed to the air.

Ï0LENE v. Tolu, art. Balsams.
TOEIDENE (Orthotolidcne) v. Diphenïi,.
TOLU v. Balsams.
TOLUENE. Toluol, Methylbenzcne C,H,=

C6H5.CH3. First discovered by Pelletier and
Walter (A. Ch. [2] 67, 278) among the by-produets
from the manufacture of illuminating gas from
the resin of Pinus maritima, and named by
them rctinaphtha. Mansfield fouud it in coal¬
tar, Cahours and Vôlkel in wood-spirit and wood-
tar, and De la Bue and H. Millier in llangoon
tar. Fittig and Tollens prepared it by the action
of sodium on a mixture of brombenzene and
methyl iodide in ethereal solution, and thus
proved that it was methylbenzene.

The toluene of commerce is obtained from
coal-tar by rectification of the fraction boiling
between 100 and 120°.

Colourless liquid, boiling at 111°. Does not
solidify at —20°. Sp.gr. 0'S824 at 0°, 0-8720 at
15°, 0-8650 at 20°. In its solubilities and solvent
powers it closely resembles benzene.

Oxidising agents, such as chromic aeid or
dilute nitric acid, convert it into benzoic acid;
but by treatment, first with chromyl chloride
and afterwards with water, it yields benzalde-
hyde. When the vapour of toluene is passed
through a red-hot tube, benzene, anthracene,
phenanthrene, dibenzyl, and other hydrocarbons
are formed (Berthelot, Bl. 7, 218 ; Graebe, B. 7,
48). By passing a mixture of the vapours of
toluene and benzene through a red-hot tube,
Carnelley obtained a highly eomplex mixture of
hydrocarbons (C. J. 37, 702). Substitution
may take place either in the nucleus or in the
methyl group of toluene. In the former case a
mixture of para- and ortlio- compounds is chietly
formed.

Toluene is employed in the manufacture of
nitrotoluene and toluidine, benzyl chloride, ben-
zal chloride, and benzotriehloride, benzaldekyde,
benzoic acid, and cinnamic acid. Fprmerly
toluene formed an essential ingrédient of the
benzene employed as the starting-point in the
manufacture of magenta, but at the présent dav
it is usual to start with pure benzene and pure
toluene.

Commercial toluene should give only a pale-
brown colouration with concentrated sulpliuric
acid. On distillation a crude toluene should
distil to at least 90 p.c. under 120° ; and the
'

pure toluene ' of commerce should distil between
110-113°—the greater part between 111-112°
(Schultz, Chem. des Steinkohlentheers).

Unless. coal-tar toluene lias been purifiedby
sliaking it with concentrated sulphuric acid.it
always contains a- and B- thiotolen (methyl-
thiophen).
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cïïloeine Derivatives oe toluene.

In the chlorination of toluene, substitution
may, as already mentioned, take place either in
the nucleus or in the methyl group. The former
is the case when chlorine acts on toluene in

présence of iodine or other substances capable
ot acting as carriers of chlorine ; the latter, when
chlorine alone acts on toluene heated to boiling
or exposed to direct sunlight, the influence of
light being greatcr than that of heat in inducing
substitution in the side-chain (Schramm, B. 18,
008). Only the chlorine derivatives belonging
to the latter class are of technical import¬
ance.

Benzyl chloride C6HS.CH2C1. First obtained
by Cannizzaro by the action of hydrochloric acitl
on benzyl alcohol CBH5.CH2.OH. Manufactured
by passing chlorine into boiling toluene con-
tained in large glass fiasks and exposed to sun¬
light. The opération is interrupted when the
toluene shows the theoretical increase of weight
(37-5 p.c.). The vapours are condensed by a
reflux worm, and the escaping hydrochloric acid
passed into water. The product is shaken with
weak alkali and then rectified, by which means
it is freed from unaltered toluene and higher
chlorinated products.

Colourless liquid; boiling at 17G°; sp.gr. at
14°, 1-107. Has a somewhat pungent smell;
the vapour is very irritating to the eyes. In¬
soluble in water, but by heating with water to
100-110°, or by boiling with water for 24 hours
with a reflux condenser, it is converted into
benzyl alcohol (Niederist, A. 196, 383) ; and the
same transformation is still more readily efiected
by boiling benzyl chloride with the calculated
quantity of potassium carbonate dissolved in
from 8 to 10 parts of water (Meunier, Bl. 38,
159). Oxidising agents convert it first into beiiz-
aldehyde, afterwards into benzoic acid. By
heating with a small quantity of copper it yields
dibenzyl C<fHs.CH2.CH2.C6H5. With alcoholic
ammonia it gives a mixture of benzylamine
CjH5.CHj.NH2, dibenzylamine (CjHj.CHjJoNH,
and tribenzylamine (C6H5.CH2)SN (Cannizzaro,
A. 134,128 ; A. Suppl. 4, 24, 80). With aniline
it forms benzylaniline"

CjH5.CH2.NH.CjH5.
Benzyl chloride is used in the préparation of

benzaldehyde and benzoic acid, and also for
introducing the benzyl group into basic colouring
matters so as to produce varieties of shade.

Commercial benzyl chloride generally con-
tains moisture, benzal chloride (C6H5.CHC12),
benzotrichloride (CjHj.CCIj), chlortoluenes, and
even unchanged toluene. It should show the
correct boiling-point and spécifie gravity. In
order to ascertain whether the whole of the
chlorine is contained in the methyl group, K. E.
Schulze (B. 17,1675) recommends that a weighed
quantity of the substance should be boiled for
sorne minutes with a hot saturated alcoholic
solution of silver nitrate, using a reflux con¬
denser; the silver chloride, which will represent
only the chlorine from the side-chain, is then
collected and weighed. Benzotrichloride may be
detected by the green eolouring-matter (mala¬
chite green) which is formed when the substance
is heated with dimethylaniline and zinc chloride
(Dôbnerj.

Benzal chloride. Benzylidenc chloride
CJHj.CHCIJ.

First obtained by Cahours (A. Ch. [3] 23, 329) by
the action of phosphorus pentachloride on benz¬
aldehyde C6H5.CHO. Manufactured by chlorin-
ating boiling toluene in direct sunlight.

Colourless, powerfully refractive liquid, boil¬
ing at 206° ; sp.gr. 1-2557 at 14°. Water, alkalis,
or concentrated sulphuric acid, convert it into
benzaldehyde. When heated with sodium acetate
it yields cinnamic acid.

Benzal chloride is employed in the manufac¬
ture of benzaldehyde, benzoic acid, and cinnamic
acid.

The commercial product is always impure.
It may be tested by its boiling-point, and by de-
termining the percentage of chlorine.

Benzotrichloride. Phenylchloroform
CjHj.CCl.,.

First obtained by Schischkoff and Rôsing (C. E.
46, 367) by the action of phosphorus penta¬
chloride on benzoyl chloride C6H5.C0C1. Manu¬
factured by chlorinating boiling toluene in direct
sunlight until the weight of the product no longer
increases.

Colourless, powerfully refractive liquid, boil¬
ing at 213-214° ; sp.gr. 1-380 at 14°. Heated
with water at 150°, it yields benzoic and hydro¬
chloric acids. Sodium ethoxide converts it into
ethyl orthobenzoate CsHs.C(OC2H5)3. Heated
with dimethylaniline and zinc chloride, it yields
malachite green. Methyldiphenylamine, diethyl-
aniline, and diamylaniline give similar green
colouring matters, differing in shade from mala¬
chite green.

Benzotrichloride was formerly employed in
the manufacture of malachite green, but owing
to the difficulty of obtaining benzotrichloride in
a state of purity this process has been aban-
doned.

Commercial benzotrichloride is tested by
examining its boiling-point. It generally con-
tains compounds chlorinated in the nucleus.

F. E. J.
TOLUIDAZINE v. Azines.
TOLUNAPHTHAZINES v. Azines.
TOLUPHENAZINE v. Azines.
TOLUQUINOL. Tolu liydroquinone v. Phénol

and its homologues.

TOLUSAFERANINES v. Azines.
TOLUYLENE-DIAMINES. Diamido-toluènes

v. Diamines.
TOLUYLENE BLUE v. Indamines and Indo-

phenols.

TOLUYLENE ORANGE. Toluylene orange
is the name of a mixed tetrazo- dye produced by
coinbining cresolcarboxylic acid and toluylene-
diamine sulphonic acid with tetrazoditolyl. It
is sold in two shades, G (TO G) and E (TO E).

The commercial product is the sodium sait.
It appears as an orange-brown powder, tolerably
easily soluble in water. Its aqueous solution is
rendered brighter in colour by the addition of a
little caustic soda ; further addition produces
an orange-brown precipitate. Concentrated
sulphuric acid dissolves the dye with a violet
colour.

Toluylene orange G (TO G) was the first
orange substantive dye which appeared in the
market. It yields shades fast to soap, and
ranging from the most delicate ' ivories ' and-
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* ereams,' through the whole scale of buffs,
clown to full shades of orange closely resembling
chrome orange, but possessing advantages over
the latter in not being tarnished by hydrogen
sulpliide and not injuring the feel of the cloth.
Again, the shades are faster to aeids than
chrome orange, and faster to light than the reds
of the substantive class. The dye is very suit-
able in calico printing for the production of pad
buffs and creams, and is strongly reeommended
as a substituts for iron buff, especially for pad-
ding oyer colours liable to be injured by this
colour. Chrysamine, which lias been in use
some time as a substitute for iron buff, is not as
red as the latter, and no satisfactory method of
overcoming this deficieney is known. The
various methods in use, such as leaving the
pink stain uncleared on cloth printed with
alizarin colours, mixing caustio soda with the
chrysamine, and adding magenta or benzopur-
purin to the padding colour, ail hâve their
drawbaeks. Toluylene orange, again, is not so
sensitive as chrysamine to the action of copper
salts or metallic copper. It is best applied in a
wooden dye-bath along with soap and phosphate
of soda, the water being first softened by boiling
with soap and the scum removed. In dyeing
full shades on cloth printed with fast colours
the bath may be boiled; in the case of cloth
printed with aniline colours, the température
should not exceed 45°. Eight to ten minutes
dyeing will suffice for printed cloth ; plain cloth
should be worked at the boil for a longer time.
In the case of médium and pale shades, it is
préférable to pad either by padding or printing
machine, since the dye is apt to be too rapidly,
and consequently unevenly, absorbed from a
dye-bath. The following receipt is given for a
médium pad shade : 2 parts of toluylene orange
G are dissolved in 1,000 parts of boiling water
containing 20 parts of sodium phosphate and
5 parts of soap. The solution is then mixed
with 1,000 parts of gumt ragacanth paste (1: 20)
and boiled for fifteen minutes, then strained and
padded. The pièces are passed through a
Mather & Platt's steam aniline ager, or steamed
l'or a short time, washed, and finished.

The steaming can be dispensed with in many
cases, and the pièces finished after lying for a
few hours.

A printing colour is made by mixing starch
paste, gum tragacanth paste, toluylene orange G,
and glycerin. The calico is printed, steamed
for an hour, and washed in a cold bath con¬
taining 3 per cent, of ground chalk. The colour
is not very fast to soap, but is suitable for many
purposes— such as linings, for example.

Discharge effects are obtained by printing a
thickened mixture of stannous acetate forwhite,
and Persian berries, alizarin, methylene blue,
alizarin blue, logwood, along with suitable mor¬
dants, and stannous acetate for coloured patterns.

Toluylene orange acts as mordant for basic
dyes, and a variety of compound shades can
thus be obtained. Care must be taken that the
material dyed with the orange is well rinsed
before the basic dye is applied.

Linen and jute dye similarly to cotton ;
China grass and hemp take a redder shade.
Animal fibres dye under the same conditions as
the vegetable fibres, and are coloured more yellow

than the latter. Silk dyes well in baths of
boiled-ofi liquor ' broken ' with acid. Wool is
dyed for an hour at the boil in a bath cpntaining
10 p.c. of sodium sulphate ; the shades obtained
are fast to milling.

Toluylene orange E in général resembles the
G shades, but gives redder shades, which are,
however, scarcely so fast. Salmon shades are
obtained by using only a little of the dye ; larger
quantifies give shades like chrome-orange which
has been strongly limed or topped with magenta.
Toluylene orange E is applied in the same way
as the G shade (P. V. Kallab, Mittheil. desk.k.
Tech. Gew. Muséums, 1888, 114-120 ; S. C. 1.
8, 540).

TOLUYLENE RED v. Azines.
TONITE v. Explosives.
TONKA BEAN. Tonquin bean (Fève torika,

Er. ; Tonkabohnen, Ger.). The seed of the fruit
of the leguminous tree Dipterix odorata (Willd.)
which inhabits Guiana and Venezuela. Eacli
pod eontains a single seed, which is about two
inches long and half an ineh wide. It has a
dark-brown colour, is deeply wrinkled externally,
and charaeterised by an agreeable odour and
bitter aromatie taste. The tree flourishes in
the forests of the Caracas district of Venezuela
The first erop of beans is gathered when the
tree is three years old, but a full crop is not
obtained until two years later. The fruit beats
some resembiance to a small mango, and eon¬
tains the odorous bean in its centre. According
to the report of Consul Mansfield, the exports
from Venezuela alone in 1883 werefive thousand
quintals (Ph. [3] 14, 749). The seed of D. oppo-
sitifolia, the so-called English Tonka bean, has
similar properties to that of D. odorata, but it is
smaller and darker in colour.

Besides sugar, gum, malic acid, and woody
fibre, tonka bean eontains fixed oil and about
P5 p.c. of coumarin (Boullay a. Boutron-Char-
lard, J. Ph. 11, 480). It is to the presence of
coumarin that the odour and taste of the seed
is due, and crystals of this compound often
oceur as an efflorescenee on commercial spéci¬
mens. To extract the coumarin, the finely-
chopped beans, according to Gôssmanu, are
heated for some time nearly to boiling with an
equal bulk of 80 p.c. alcohol ; the whole is then
filtered and the residue again heated in the
same manner ; the extracts are mixed together,
and the alcohol removed by distillation till the
residue becomes turbid, when it is mixed with
four times its volume of water, which précipitâtes
the coumarin in somewhat impure crystals.
Adhering fat may be removed by heating the
mixture to boiling, and filtering through a
moistened filter. On eooling, the crystals which
re-dissolve in the hot liquid again separate, and
they may be further purified, if necessary, by
treatment with animal charcoal (A. 98, GG ; Gm.
13, 322), v. Coumarin.

Tonka bean is largely used to flavour tobacco,
and especially snuff, as an ingrédient of sachet
powder, and in alcoholic solution as a flavouring
essence. A, S.

TOPAZ, ORIENTAL, v. Corcndum.
TOPAZ, SCOTCH, v. Cairngorm.
TOPAZ, SPANISH, v. Cairngorm.
TORBANITE or TORBANEHILL MINERAL

v. Paraefin.
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ÎORMENTILLA. The roots of Tonnentilla
erecta have been occasionally substituted for
those of rhatany in medicine. ïhey contain
from 5 to 6 pc. of a tannin, giving a dark-green
precipitate with ferrons sulphate, bluish-red
ffith ferrie aeetate ; is also precipitated by
gelatin and by tartar-emetie (Stenhouse).

TORREFACTION. Roasting ores in order to
expel volatile substances, e.g. sulphur, arsenic,
itc.

TOULOÏÏCOTJNA or TULUCANA OU. An
oil obtained by pressing the kernels of Carapa
guianensis v. Cabapa eark.

TOOIOTJRON OIL. A brown oil obtained
from Pagarus Latro. Used in Sénégal as a
remedy for rheumatism.

TOURMALINE. A minerai silicate, of com-
plex and variable chemical composition. Ram-
melsberg has classified the numerous varieties
under the beads of magnesia tourmaline, iron-
magnesia tourmaline, iron tourmaline, iron-
manganese-lithia tourmaline, and bthia tour¬
maline. For discussion of its composition, v.
Rammelsberg, in P. 139, 379, 547. P. Jan-
nasch and G. Calb have published nine analyses
(B. 22, 216), wlience they deduee the général
formula RBB0„(Si01)2. A green tourmaline from
Brazil yielded them : SiO„, 37'05 p.c. ; B„0„
9-09; F, 1-15; A1A, 40-03; FeO, 2-36; MnO,
2-35 ; CuO, 0 47 ; MgO, 0-32; LEO, 0*60 ; K20,
trace; Na„0, 3-18; H20;3-23.

Tourmaline crystallises in the rhombohedral
System, usually in the form of prisms with
longitudinal striations. In transverse section
the prisms are triangular, hexagonal, or poly¬
gonal, the number of sides being multiples of
three. The prisms are usually terminated by
rhombohedral faces, but in many cases the two
ends are dissimilar, and then, as is common
with hemimorphic crystals, they exhibit electric
polarity when heated.

The colours of tourmaline are very variable,
and have given rise to numerous varietal names.
Colourless tourmaline is rare, but some of the
crystals in the granité of San Pietro, in Elba,
are practically colourless, and are hence known
as achroitc. The finest coloured tourmaline is
the red, usually termed rubellite, while from its
occurrence in Siberia it is sometimes known as

'Siberian ruby.' Upper Burma also yields fine
rubellite, and the workings, nowmostly deserted,
have been visited by Mr. Barrington Brown and
by Dr. Noetling. The minerai occurs as rolled
pebbles in gravel and conglomerate, probably
derived from gneissose rocks. In China the
rubellite is highly valued for buttons on the
caps of mandarins of high rank. Blue and green
tourmalines are obtained from Brazil, the blue
being Itnown as indicolite and the green some¬
times as 'Brazilian emerald.' The minerai is
also brought, for the purposes of the jeweller,
from Ceylon; and the word tourmaline is, in
faet, said to be derived from the Cingalese.
The colours of the minerai are generally too
dull to be much appreciated, except by eonnois-
seurs; but some of the American crystals are
very brilliant, especially those from Paris and
Hebron in Maine, and from Chesterfield, in
Massachusetts. Some of these crystals exhibit
a red nucleus surrounded by a zone of green,
wbilst other prisms are red at one end and green

at the other. Parti-eoloured crystals are also
not uncommon in -Elba.

Transparent crystals of tourmaline are valued
for their optical properties, the green and brown
varieties being most used. The minerai is
strongly dichroic. A thin plate eut parallel to
the vertical axis of a crystal will absorb the
ordinary ray and transmit only the extraordinary
ray ; hence it ean be used as either polariser
or analyser. Two plates, secured in corlc and
mounted in rotating rings attached to a spring-
wire holder, form the instrument known as the
' tourmaline tongs,' much used by spectacle-
makers for distinguishing rock-crystal, or ' peb-
ble,' from glass.

Tourmaline is only slightly harder than
quartz (H = 7-5), but is much denser (sp.gr. 2-94
to 3-3).

Black tourmaline is generally known under
the name of sclwrl, whioh is said to be an olcl
German mining term. Fine blaek crystals are
brought from Madagascar, and splendid crystals
were found many years ago near Bovey Tracey,
in Devonshire. Schorl is a common minerai in
granité and gneiss, especially in the neighbour-
hood of tin-Iodes. It is generally found near
the margin of an intruded mass of granité, ancl
appears to be a secondary product due to the
action of vapours carrying boric and hydro-
fluoric acids. Sclwrl rock is an aggregate of
blaek tourmaline and quartz, and may perhaps
be regarded as an altered granité. The beautiful
but rare Cornish rock Luxullianite contains
much tourmaline, associated with quartz aud
felspar. Small crystals and rolled grains of
tourmaline are common in sands derived from
the disintegration of crystalline rocks.

F. W. R.
TOUS-LES-MOIS is a species of arrowroot

procurée! from the tubers of Canna edidis, nat.
ord. Marantaceœ. The stareh is obtained in the
same manner as other descriptions of arrowroot.
Under the microscope the granules show them-
selves to be unusually large, measuring from
•0015 to -0037 inch in length and from -001 to
to -0027 in breadth ; broad, fiât, ovate. The
hilum is situated at the narrow extremity, and
the rings are very close, firm, and regular.

Tous-les-mois is used for mixture with cocoa

préparations and as a food for infants, for which
latter purpose it is bleached.

TOWN TALLOW v. Tallow.
TRAGACANTH. Tragacanthin v. Guxrs.
TRAVERTINE. A limestone deposited by

calcareous springs, known also as calc sinter and
calcarcous tufa. The typical travertine occurs
near Tivoli, the aneient Tibur, whence the name

lapis Tiburtinus applied to it by Vitruvius and
Pliny. The most important sources at tliis
locality are the sulphuro- calcareous springs,
known as the Acque Albule, surrounded by a
plain representing the floor of an aneient lake,
and consisting of thick beds of travertine. This
stone, being easily worked and of great durabiiity,
and presenting a pleasing tone, has for âges
been the favourite building material in Rome.
The quarries of Barco, on the Aniene, furnished
the stone for the Coliseum, and those of Fosse
the material for St. Peter's. To supply modem
Rome new quarries have been opened at the
Villa Adriana, below Tivoli (N. Pelati, ' I Traver-
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tini délia Campagna Romana,' Rome, 1882 ; P.
Zezi, in Johnston-Lavis's ' South Italian Vol-
canoes,' Naples, 1891).

Springs issuing irom limestone rocks com-
monly precipitate calcium carbonate upon objects
with which they corne in contact, and are thus
improperly termed ' petrifying springs.' Cal¬
careous incrustations are formed, for instance,
by water issuing from the carboniferous lime¬
stone at Matlock, in Derbyshire ; whilst exten-
sive accumulations of tufa are produced by the
thermal springs of Clermont, in Auvergne, and
of Hieropolis, in Asia Minor. Some of the fresh-
water limestones of the oligocène sériés of the
Isle of Wight were probably formed as tufaceous
deposits in lakes.

The déposition of travertine, or tufa, may
resuit from the mere exposure of highly eal-
careouswaterstoatmospheric influences,earbonic
acid being removed and the normal calcium
carbonate precipitated. Agitation of the water
facilitâtes the loss of carbonic acid, and hence
calcareous deposits often occur wliere the water
falls in a spray or cascade. Déposition is also
favoured by the action of heat, by diminution of
pressure, and by the agency of plants. It was
shown by F. Cohn that in the hot springs of
Karlsbad microscopic plants are important agents
in determining the déposition of calcareous tufa,
or Sprudelstein. At the Mammoth Hot Springs
in the Yellowstone National Park algœ are always
présent, though the température may be as high
as 73°C., and it is believed that such plants are
important factors in the formation of the traver¬
tine at this locality {v. W. H. Weed, in 9th
Annual Rep. U. S. Geol. Survey, Washington,
1889). P. W. R.

TREACLE v. Sugau.
TREE WAX v. Wax.
TRENT SAND. A sand found in the Trent,

Severn, and in other rivers ; used for polish-
ing.

TRIDECATOIC ACID or TRIDECYLIC ACID
î). Fatty acids.

TRIGONELLINE v. Vegeto-ai.kaloids.
TRIMETHYLACETIC ACID v. Fatty acids.

TRIMETHYLBENZENES v. Cumenes.
TRINITROPHENOL v. Picnic acid.

TRIPHENYLMETHANE COLOURING MAT-
TERS. This is the generic nameof a very large
and varied class of artificial dye-stuffs, which
have been obtained by very différent methods.
Some of the oldest artificial dye-stuffs belong to
this group. Their generic connection was, inmany
instances, not known until their éonstitution
was fully cleared up. When this had been done,
■a large number of new dye-stuffs belonging to
the same class was prepared by direct synthesis.
The members of this group vary more than
those of any other in their physical properties ;
they represent almoste very possible shade, and
include dye-stuffs suitable for every kind of dye-
ing and printing process. They are applicable
to silk, wool, and cotton dyeing ; as a rule, they
are of very pure and brilliant shades—in fact,
the most brilliant of ail colouring matters are
found amongst them. Many are rather fugitive,
especially the older ones—magenta-red and its
congeners. It is for this reason that aniline

dyes generally have been deelared fugitive and
unstable by people of hasty judgment. This
want of stability is, however, not characteristic
of the members of the triphenylmethane group;
some of the best and most permanent dye-stuils
belong to it. It may be well to remark at once,
that résistance to light and other influences
seems not to be directly related to the che-
mical constitution of these substances, as it
is frequently observed that of two dye-stuffs of
very similar constitution one may be very
fugitive, whilst the other is remarkable for its
fastness.

The members of this family are not, like
those of the azo- group, connected by one generic
method, by which ail of them might be produced
from various materials. Nor is it possible to
enumerate a number of général synthetic
methods which resuit in their production. The
methods applicable are so numerous that no
généralisation is possible. The only Connecting
link between ail these dyes is their cheinical
constitution, which is now well established in
almost every case; it is also in this constitu¬
tion that we find the neeessary criteria for the
subdivision of the group. Some introductory
remarks about the constitution of these dyes
are therefore neeessary for a complété revision
of the subject.

If we consider the constitution of these
colouring matters, we observe that there is but
one characteristic feature common to them ail.
This is the presence of an atom of carton
connected by three of its atomicities to three
aromatic radicles. The compound of the sirn-
plest constitutional formula in which this
' central carbon ' (as we will henceforth call
it) is observed is the liydrocarbon triphenyl¬
methane, the formula of which is C1SH„ ;

c«h3
I

H-C-CbH5.
I

c«H5

Triphenylmethane thus becomes the prototype
of ail the members of this group ; it is for this
reason that the name of triplienylmetlim
colouring matters was chosen.

Triphenylmethane was first prepared by
Kekulé and Franchimont, in 1872, by heating
benzylidene chloride with mercury diphenide to
150° (B. 5, 907). Its formation has sincebeen
observed in numerous reactions. The best
method for preparing it consists in treatingamiï-
ture of two parts of chloroform and seven paris
of benzene with aluminic chloride, until no more

hydrogen chloride is given off. The resulting
liquid is washed with water and dried. On
distillation it yields benzene, di-phenyl-methane,
and tri-phenyl-methane. The latter may be
purified by crystallisation. This method vas
indicated by Friedel and Crafts (A. Ch. [C] 1,
489). Triphenylmethane is obtained in colour-
less crystals ; m.p. 92° ; b.p. 358-359°. It is
capable of forming a moleeular combination
with benzene. Of its derivatives the following
two are important on account of their rela¬
tions to the colouring matters under considéra¬
tion.
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Triphenyl carbinol CltHleO is the tertiary
jlcohol derived from triphenylmethane :

C8H5
I

HO—C—CeH5.
I

CeH5
It is easily obtained by oxidising the hydro¬
carbon by ineans o£ chromic acid. It forms
colourless crystals, melting at 159° and distilling
at 360° (E. and 0. Fischer, A. 194, 271).

Trinitro-triphenylmethane C,0H13N3Os is
obtained by treating the hydrocarbon with
strong nitric acid. Crystals, melting at 203°.
Cbromic acid transforms them into trinitro-tri-

phenylcarbinol (E. and 0. Fischer, A. 194, 256).
Neither of the above substances is a colour¬

ing matter, nor are they even coloured. But if
\ve reduce trinitro-triphenylcarbinol by adding
zinc-dust to its solution in acetic acid, we obtain
triamidotriphenylcarbinol, which is identical
with pararosanilin. By showing this identity,
E. and 0. Fischer solved the problem of the
constitution of this very important colouring
matter. Leucaniline, the réduction product of
rosaniline, was shown to be identical with tri-
amidotriphenylmethane. This diseoverv became
the starting-point for very important theo-
retical and practical work. Ail the congeners of
rosaniline were shown to be derivatives of tri¬
phenylmethane or analogous hydrocarbons, and
new synthetical methods were devised by which
such derivatives could be obtained.

It is quite obvious that not only triphenyl¬
methane, but also ail its homologues and ana¬
logous hydrocarbons, are parent substances of
dye-stuffs. The number of such hydrocarbons
indicated by the theory of the aromatic sériés is
very large, since every one of the three phenyl
radicles connected with the central carbon may
be replaced by any other aromatic radicle.
Every one of the hydrocarbons thus formed is
capable of yielding, like triphenylmethane itself,
a very large number of colouring matters, as
will be seen from subséquent considérations.
It thus becomes évident that the theoretical
number of possible triphenylmethane colouring
matters is almost unlimited. It lias, however,
been shown that the variation of the aromatic
radicles connectecl with the central carbon is
but of small importance for the variation of the
shades and properties of the resulting dye-stuffs.
The triphenylmethane colouring matters in
actual use are the derivati ves of a very few hydro¬
carbons, of which triphenylmethane itself is by
farthemost important. Tolyldiphenylmethane,
ditolylphenylmethane, tritolylmethane, and
naphthyldiphenylmethane are the exclusive
parent substances of about seventy-five colour¬
ing matters, which at présent forrn the object
of regular and extensive manufacture, and of
several hundred more which lrave been prepared
and patented without coming into général use.
The extensive range of shade and général
applicabilité, so characteristic of the colouring
matters of this class, and unequalled by any
other class of dye-stulïs known, is not so much
a resuit of the variation of the hydrocarbons
lorming their parent substances, as of the
estremely large number of coloured derivatives

which may be produced from every one of these
hydrocarbons. No other branch of the ehemis-
try of dry-stulïs is so extremely fertile in the
synthetical methods at its disposai as this,
and every one of these methods forms an easy
way for the production of a considérable number
of dye-stuffs, which carf generally be produced
by this one method alone, or by but a few others.
Many of these methods, both empirical and
synthetical, have been patented, and some of
these patents are of great value and importance.
They are generally good patents, claiming new
processes ; in this respect they form the exact
counterpart of the still more numerous patents
for azo- colouring matters, which, being ail
based on the same method of work, only claim
the novelty of the product obtained by varying
the ingrédients of the process.

Before entering into the détails of the consti¬
tution of triphenylmethane dye-stuffs, and the
connection of this constitution with the proper¬
ties of the dyes, we have to describe another
substance closely related to triphenylmethane,
some of the derivatives of which are dye-stuffs
similar to those derived from triphenylmethane
itself, whilst others play an important part in
the processes for the production ol triphenyl¬
methane colouring matters. This substance is
also a hydrocarbon, derived from methane by
replacing only two of its hydrogen atoms by the
aromatic radicle phenyl. This hydrocarbon is
Diphcnylmetliane, or benzyl-benzene C)3H,„ :

c6H3
I

H—C-H.
I

C6H5
It was discovered by Zincke in 1873 (A. 159,
374), and is best prepared by the method indi¬
cated by Friedel and Balsohn (Bl. 33, 337), by
adding aluminic cliloride to a mixture of 1 part
benzylic cliloride with 5 parts of benzene. It
melts at 26-27°C., and boils at 261-262°. It
forms white crystals, possessing an agreeable
odour of oranges. Of its derivatives the follow-
ing are of practical importance : —

Diphenylcarbinol or benzhydrol ClsH,,0 is
the corresponding aleohol :

Ç„h5
H—C-OH.

I
c6h5

It is prepared hy boiling benzophenone witli
alcoholie potasli solution and zinc-dust. It
forms white crystals, melting at 67'5-68°, boil¬
ing at 297-298° (Linnemann, A. 133, 6 ; Zagou-
menny, A. 184, 174).

Benzophenone Cl3H10O isthe second product of
oxidation of diphenylmethane, to which it stands
in the same relation as that which exists be-
tween propane and acetone. Benzophenone is
the typical ketone of the aromatic sériés :

c„H5
I
c=o.

I
c„H5

It is best prepared by the process which led to
its original discovery, by distilling calcic benzo-
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ate, or, better still, by distilling a mixture of
calcic and zincic benzoate. Anotber process
consists in adding aluminic cbloride to a solution
of carbonyl cbloride COCl2 (pbosgene) in pure
benzene, or to a mixture of benzene with benz-
oylic chloride. Benzophenone forms beautiful
IDrismatic crystals, melting at 48-48,5°, distilling
at 305°C. (Pébgot, A. 12,41; Chancel, A. 72, 279;
Eriedel, Crafts a. Ador, B. 10, 1854).

The amido- derivatives of diphenylmethane,
diphenylcarbinol, and benzophenone, which are
of spécial importance for the chemistry of the
triphenylmethane dye-stuffs, will be described
later on in connection with the dye-stuffs to
which they give rise.

The substances mentioned so far, although
the parent substances of so many beautiful
and powerful dyes, are ail perfectly colour-
less. Even triamidotriphenylcarbinol, which is
identical with pararosaniline, is perfectly colour-
less ; it only becomes a dye-stuff by being dis-
solved in an acid, a reaction from which one

might infer that parafuchsine, the typical ma¬
genta colour, is merely a sait of pararosaniline.
This is, however, not the case, although colour-
makers are apt to call, for simplicity's sake, the
rosanilines 4 magenta bases.' The dissolution
of any or either of the amidated carbinols is
invariably accompanied by a condensation in the
molecule, and a loss of one molecule of water.
The basic triphenylmethane colouring matters
are therefore free from oxygen (unless they con-
tain it in the shape of water of crystallisation) ;
if we décomposé the salts, by the addition of an
alkali, coloured bases are formed, which, how¬
ever, are very unstable. They take up, at once,
one molecule of water, and re-form the original
colourless or faintly-coloured carbinol base. By
this observation it is clearly shown that some-
thing more than the presence of the 4 central
carbon ' is necessary for the formation of a
triphenylmethane colouring matter. We hâve,
therefore, to consider the constitution of the
colouring matters themselves to obtain a know-
ledge of the chromophoric group of these dye-
stuffs. This considération leads at the same

time to an easy and useful classification, to a
subdivision into a sériés of smaller groups, the
members of which show a closer connection in
their methods of formation, their physical pro-
perties, and their manner of application.

The constitution of parafuchsine is now
established beyond any doubt. It is represented
by the foliowing formula :

NH2
i
c6h4

I
-c-c6h4-nh2.

I
c6h4

I
-n.hg1
h

This formula shows also the typical constitution
of ail the congeners of magenta, every one of
which may be represented by a similar formula,
in which either one or more of the phenyl radicles
are replaced by other aromatic radicles, or one
of the amido- groups replaced by hydrogen, or

one of the six available hydrogen atoms of the
amido- groups replaced by radicles ot the fattj
or aromatic sériés, or several of these changes
introduced at the same time. It will at once

be obvious that several thousand différent corn-

binations may thus be produced, ail coloui.
ing matters of différent shades, but showing
in their properties a général resemblance to
parafuchsine. The eonstitutional formulas of
ail these colouring matters have but one thing
in common besides the ' central carbon ' (which
is, as has been said, characteristic not only of
these, but also of ail the other triphenylmethane
colouring matters) ; this one essential feature is
the connection between the central carbon atom
and the pentavalent nitrogen. We have, there¬
fore, a perfect right to claim this invariably
présent carbon-nitrogen group as the essential
group of the whole molecule, and as the cause
of its being a colouring matter. This group we
may, therefore, call the chromophoric group of
the fuchsine farnily.

If we remove this group from its connection
with ail variable constituents of the molecule,
we obtain it in this shape :

1 I /
—C N<

i I \

If, starting from this chromophoric gronp, we
attempt to give a général formula for the
fuchsine family, we may do so by introducing
the letters

B11 for a bi-valent radiele of the aromalic
sériés.

R1 for a monovalent radiele of the aromatic
or fatty sériés replaceable by hydrogen.

X for a salt-forming group of any kind, re¬
placeable by hydrogen.

S for an acid radiele of any kind replaceable
by hydroxyl.

We thus obtain the typical formula:
1. xxNRn. Bn

Alll/ X
X B1 \

It is this formula which we shall use as a

basis in giving the constitution of the various
members of the fuchsine group, to be enumeraled
later on.

Before, however, proeeeding to thisenumera-
tion, we will consider the changes which may
be brought about in this formula without dis-
turbing its typical character by replacing the
général signs (B1, RH, X, S) by actual chemical
radicles. It will at once be seen that there is
only one possibility for such a change. The
central carbon cannot be removed ; we have
no other tetravalent atom at our disposai, except-
ing silicium, which, so far, plays no part in
the methods of organic syntliesis. Besides this,
we would, by removingthe central carbon,disturb
the triphenyl methane arrangement. If, there¬
fore, we wish to change anything, we canonMo
so by replacing the pentavalent nitrogen atom by
another suitable group. But this group neel
not necessarily be pentavalent. Of the five nitro¬
gen valencies only two are absolutely necessary
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loi forming the typical arrangement, viz. the
one forming connection with the central carbon,
and the one forming connection with one of the
Kn radicles. We may, therefore, replace the
pentavalent nitrogen by a bivalent atom or
group. Of such groups only two have proved of
value for the production of dye-stuffs. These
two are 0n oxygen, and the bivalent group
-0—CO—. We thus obtain two new families or

groups of triphenylmethane colouring matters,
vrhich may, like the fuchsine group, be repre-
lented by typical général formulas, in which the
same général signs may be used. These groups
ol dye-stuffs are—

2. The aurine group : :
X,
\r".

and

\s/\
No

BP

0.

3. The phthaleine group :

A/%.on/ \ o /
X/

For this latter group a new feature is intro-
duced, and at the same time the number of
available dye-stuffs is limited by the fact that
only those of its members are useful dye-stuffs
in which the two Rn radicles on the left side of
the central carbon are linked together by a biva¬
lent group, which consists almost invariably of
an oxygen atom. We may, therefore, at once
modify the typical formula by introducing this
oxygen link aftér changing the two radicles Rn
into B111, by introducing another valency, to
which the oxygen atom may be attached :

4. Xv0>w„
Typical formula of phtlmleine dye-stuffs in actual ose.

We now proceed to give a detailed account
of these three groups and their various members.

I. The Fuchsine Gkoup.

(A) Diamidotnphenylmethane derivatives.
The simplest type of these colouring matters is

1. Benzaldehyde violet ClgHuN2Cl =

NH„
I

A

\/

C—<
I

A

K/
—NÏÏ.HCl

which may be prepared from diamidotriphenyl-
methane by oxidation. The yields are, however,
very poor, and the colour itself is of no great
value. Its manufacture lias, therefore, never
been attempted.

The derivatives of this substance, however,
in which the hydrogen of its two amido- groups
is replaced by various radicles of either the fatty
or aromatic sériés, are of great value and import¬
ance. Of these, the oldest, best known, and
simplest in its constitution, is

2. Benzaldehyde green. (Syn. Malachite
green, New green, Victoria green, Fast green,
Diamond green, Benzoyl green, Benzol green.)

a.a.N.csu

c6h;

(CH3)2N.C6H,
i\ /'X

CtiH4
/GH,

■N(-CH,
Nci

This product was discovered almost simul-
taneously by Otto Fischer (1877 ; B. 10, 1625)
and O. Dôbner (1878; B. 11, 1236), who pre¬
pared it by différent methods. For some time
it was believed that Dôbner's product was
différent from Fiseher's until their identity was
finally established. Dôbner's process was
patented (Germ. Pat. No. 4,322). Fiseher's
process proved, however, more praetieal, and has
since been generally adopted.

Fiseher's process gave bad yields and a poor
product at first, until the best method for its
manufacture was discovered. It consists in the
following opérations :—-

(а) Manufacture of tetramethyldiamidotri-
phenylmethane by the réaction of benzoic aldé¬
hyde on dimethylaniline :

C6H5.COH + 2C„H5N (CH3)„ = II.,O +
/C„H4.N (CH3)2

PI.C(—C,II5
\C6H4.N(OH3)2

The base obtained in this reaction is generally
called ' green leuco- base ' by the manufacturers.
For preparing it one molecule of benzoic aldehyde
is mixed with very little more than two molécules
of an absolutely pure dimethylaniline, and a sub¬
stance capable of absorbing the water formed in
the reaction is added. Dry zinc chloride was
originally preseribed, and is still used by many
manufacturers. Its quantity should be equal in
weight to the aldehyde employed. Hydrochloric,
sulphuric, or oxalic acid, or sodic bisulphate
may be used instead of the zinc sait. The mix¬
ture is heated in a jacketed still to 100-110°C. for
about forty-five to forty-eight hours. The pro¬
duct is then transferred into a still, a sufïicient
quantity of caustic soda is added to make the
mixture allcaline to test-paper, and a current of
steam is blown through the liquid in order to
rernove every trace of dimethylaniline and ben¬
zoic aldehyde. The leuco- base is not volatile ; it
remains in the still in the shape of a viscid mass,
which solidifies into white crystals after a while.
This base is now subjected to the second opéra¬
tion.

(б) Oxidation into green. It is here that great
difficulties were encountered in the beginning
of the manufacture. Spécial conditions are re-
quired to obtain a good crystallisable dye-stufï.
If these are not strietly adhered to, a non-crys-
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tallisable green is the result. The latter is
probably différent from the crystallisable sub¬
stance in composition, eontaining one methyl
group less, which is lost in the shape of formic
aldehyde by a too powerful action of the oxidis-
ing agents. The following conditions give
excellent results : 33 kilos of leuco- base are dis-
solved in 25 kilos of ordinary liydrochloric acid,
and diluted with 200 litres of water ; 30 kilos of
ordinary acetic acid of 45-50 p.c. are then added.
It is necessary that these two acids should be
présent ; neither of them ean be replaced by
another acid of equal strength. The solution is
then oxidised in the cold (in the summer it is
advisable to add some ice) with a paste of
plumbic peroxide of known strength. The per-
oxide should be tested by the oxalic acid method
(détermination of the C02 evolved from an excess
of oxalic acid by the peroxide in question), and
not by the iodometrie method, as the latter
gives too high results. Every sample of
plumbic peroxide contains a certain amount of
erystalline peroxide, which does not act on the
leuco- base. This does not act on oxalic acid
either, whilst the iodometrie method gives
values for both modifications indiscriminately.
For oxidising the leuco- base the exact quantity
of peroxide should be taken, which is indicated
by the following équation :

/C6H4N (CH3)2 /C6H4.N(CH3)2
H.cfC0H5 +0 = H0.cfceHs\4H4N(CH8)2 \c6H4.N(CH,)2

One molecule of peroxide is, therefore, required
to every molecule of the base.

As soon as the peroxide has been added,
under constant stirring, the liquid turns a deep
green. From this liquid the dye-stuff may be
separated by différent methods ; an addition of
zinc chloride solution is generally recommended.
This, however, précipitâtes both the erystal¬
line green and the tarry modification which is
never quite absent. The following process has
given excellent results in the hands of the
writer.

The green liquid obtained by oxidation is
saturated with common sait and left to itself.
Very soon small glittering scales of the lead
double chloride of the crystallisable green make
their appearance.

They are collected on a filter. From the
mother-liquor an inferior quality of green may
be obtained by adding a solution of sodie sul-
phate, filtering, and precipitating with zinc
chloride and common sait. The crystals of the
lead double chloride are dissolved in hot water.
Sufficient sodic sulphate is added to precipitate
the lead. The liquid is then filtered and pre-
cipitated with ammonia. The ' green base ' (tetra-
methyl-diamidotriphenyl carbinol) settles out in
the shape of a pink precipitate, which is filtered
off and washed. From it the ' green crystals ' of
commerce may be prepared, either by dissolving
it in a hot solution of oxalic acid and allowing
the liquid to cool very slowly, or by dissolving it
in dilute hydrochloric acid and adding a solu¬
tion of zinc chloride. Besides these two the
iron double sait is also occasionally met with in
commerce. The picrate is also sold under the
name of ' spirit green.'

Dôbner's process. This consists in heating
dimethyl aniline with benzotrichloride in pré¬
sence of metallic chlorides. It may be repre-
sented by the following équation :

CsH5.CC13 + 2C6H4.N(CH,)2 = 2HC1+
/CaH4.N(CH3)2-CfceHs
\C0H4N(CH3)2

) J Cl
The following proportions are recommended

by the patent :
3 parts dimethylaniline,
2 „ benzotrichloride,

1*5 „ zinc chloride,
are to be heated for three hours to 110°C. in an

enamelled iron vessel under constant stirring.
The resulting melt is transferred into a still, and
steam is blown through it to remove ail excess
of trichloride. It is then thoroughly extracted
by boiling water. The filtrate is now precipitated
by sait, and the precipitate recrystallised from
water. This process, which always yields the
zinc double chloride, is no longer in use, owing
to its comparatively small yields.

The oxalate of benzaldehyde green forms
large plates of an intense grass-green colour,
which dissolve easily in hot water. It contains
three molécules of oxalic acid to every two of
green base.

The zinc double chloride, which has the
compositionSfC^H^NjCl) + 2ZnCl2 + 2H..0,forms
green crystals with a fine yellow metallic lustre.
It is not quite so easily soluble as the oxalate.

The application of these salts is similar to
that of ail the basic dye-stuffs, and need not here
be described.

3. Brilliant green. (Syn., Ethyl green,
Emerald green-, also ail the other names given for
the preceding compound, with the addition of
the letters G, J, or Y (meaning gelb, jaune, or
yellow).

C6H5V .CjHJ
C2JH34N204S = )C< 1(C2H5)2N.CSH/ \tf(C2H5)j.S0)H
is prepared from diethylaniline by exactly the
same process as described for benzaldehydic
green. After precipitating the free green base,
it is transformed into its sulphate by mixing it
with the theoretical quantity of sulphuric acid
diluted with its own weight of alcohol. The
mixture forms a thick tar at first, but suddenly
solidifies into a mass of well-defined crystals.

The shade of this green is considerablyyel-
lower than that of the ordinary benzaldehyde
green.

4. Victoria green 3 Bv C23H2;1N2Cl.i. Thisis
a colouring matterprepared from dichlorobenzoic
aldehyde instead of the ordinary benzoic aldé¬
hyde. It is considerably bluer in shade than
the ordinary benzaldehyde green.

Acid greens. Considérable importance ha;
always been attached by dyers to the sulpho-
derivatives of basic colouring matters, because
these are more easily and evenly dyed on wool
than the hydrochlorides and other salts of the
bases themselves. Many attempts have, there¬
fore, been made to obtain acid greens. They
were at first only partly successful ; at présent
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there are, however, several acid greens in com¬
merce, ranging in shade from a yellowish green
io a clear greenish indigo blue. They are very
largely used in wool dyeing, especially for mixed
stades.

The oldest of these acid greens, which
appeared in the market in 1878, was called

5. Helvetia green or Acid green C. It was
the sodium sait of the mono-sulpho- derivative of
theordinary benzaldehyde green, prepared either
ty sulphonating the green itself by means of
snlphonyl chloride S03HC1, or by sulphona¬
ting tetramethyldiamidotriphenylmethane and
oiidising the resulting colourless acid by means
of plumbic peroxide. Neither of these two
niethods Works satisfactorily. For this reason
the product has gradually been abandoned, and
replaced by the benzyl derivatives now to be
described, which are more easily prepared, and
at the same time much more brilliant in shade.

6. Benzyl acid greens. In the various
attempts to préparé acid greens the great reluc-
tance of the phenyl groups, combined with
the central carbon, to the entrance of the
snlpho- group was noticed. This reluctance is,
indeed, quite characteristic of ail triphenyl-
methane derivatives. It is the cause of the
difficulties experienced in preparing sulphonated
derivatives of these dye-stuffs. It was, therefore,
a happy thought to introduce into the molecule
of the green an independent radicle, capable of
receiving the sulpho- group without influencing
more than necessary the shade and other pro-
perties of the green. Such a radicle was found in
the benzyl group. If we introduce this, instead
of methyl and ethyl, into the amido- groups
of the green, it acts in the manner of a radicle
of fhe fatty sériés, influencing the shade of the
green very little. The C6H5- group, however,
brought into the molecule as a constituent of
the benzyl radicle is capable of being sulphon¬
ated with the greatest facility. Various dye-
stuflfs hâve been prepared according to this
principle. Of these Guinea green B is the sim-
plest. It is the disulpho- derivative of diethyl
dibenzyldiamidotriphenyl carbinol

CaiHjsNjOifRNaz :

HO'> /c6H„N<^ CbH(S0!

\cfiH1.N<^0',H5
,Na

CH2 ,C6H4.S03Na
obtained by combining benzaldehyde with two
molécules of ethyl benzylaniline sulphonie acid,
and oxidising the leuco-compouncl thus obtained.
This product was discovered by G. Schultz
and Streng, 1883, and patented (Germ. Pat.
50782, April 9, 1889; Eng. Pat. 7550, 1889).
It is an excellent and very useful dye-stuH.
Guinea green B V, which dyes a more yellowish
shade, is obtained in the same manner, using
metanitrobenzoic aldehyde instead of the
ordinary benzoic aldehyde.

The various shades of light green or acid green
sold by the majority of manufacturera are pre¬
pared somewhat differently. Benzoic aldehyde
is combined with two molécules of benzyl-
methyl or benzyl-ethyl aniline. The base thus
obtained is treated with sulphuric acicl, when
three snipho- groups enter the molecule, one of

which is linked to the phenyl radicle contain-
ing no amido- group, whilst the two others are
combined with the benzyl radicles. The result¬
ing trisulpho- derivatives are oxidised in the
usual manner, yielding the dye-stuffs in the
shape of a very soluble green powder.

7. A curious product, belonging to the elass
of acid greens, was described by R. Meldola,
under the name of Viridin (C. J. 1882, 187 ;
B. 14, 1385). It was prepared by oxidising
benzyl diphenylamine, and sulphonating the
resulting green, soluble in spirit. This green,
or a substance very similar to it, had already
previously been prepared by Ch. Girard (Wurtz,
Progrès de l'Ind. des Mat. col. ; Paris, 1876 ;
p. 134).

8. Another green, belonging perhaps to this
class of substances, is the azo- green discovered
by Sohst and Runkel, patented and manu-
faetured by the Farbenfabriken vorm. Fr.
Bayer and Co. of Elberfeld (Germ. Pat.
application F 4454). It is obtained by diazotis-
ing metamido-tetramethyl-diamido-triphenyl-
methane, re-acting with the resulting diazo-
compounds on salicylic acid and oxidising the
resulting azo- compound. The constitution of
this substance has not yet been definitely esta-
blished.

9. Patent blue, a product of the Farbwerke
vorm. Meister, Lueius und Brûning, in Hôchst-
am-Main. This is a dye-stuiï closely allied
to the acid greens. It was discovered by
Hermann, and patented by the Farbwerke
(Germ. Pat. 46384 of Aug. 18, 1888, and many
additional patents). It is prepared by a
somewhat complieated method. Metanitro¬
benzoic aldehyde is combined with two molé¬
cules of dimethyl aniline. The resulting base
is reduced, the amido- derivative diazotised,
and, by boiling with water, transformed into
meta - oxytetramethyldiamidotriphenylmethane.
This is sulphonated by a treatment with sul¬
phuric acid. The resulting sulpho- derivative is
oxidised and transformed into a calcium sait,
which is delivered into the market.

This dye-stuff dyes wool and silk a beautiful
greenish blue of great brilliancy and eleamess.

(B) Derivatives oftriamidotriphenylmetliane.
This group contains some of the oldest artificial
dye-stuffs, which were prepared by strictly
empirical methods. When the constitution of
the triphenylmethane group was discovered,
synthetical methods for producing dye-stuffs of
this group were gradually introduced. At the
présent time the old empirical processes hold
their own for the production of the old colour-
ing matters, whilst the synthetical methods,
which are mostly patented, are used for prepar¬
ing new dye-stuffs of great beauty and perfection.

The prototype of this group is—
1. Parafuchsine, the anbydroehloride of

triamidotriphenylcarbinol C)9HlaN3Cl, the con¬
stitution of which is :

Cl.NH,X
G6H4.NH2

Q«h4.nh2

It always erystallises with four molécules of
water of crystallisation, which should be added
to the above formula.

IRIS - LILLIAD - Université Lille 1



864 TRIPHENYLMETHANE COLOURING MATTERS.

This is the dye-stuff which was used by 0.
and E. Fischer for the elucidation of the che-
mistry of ail this class of substances (0. and
E. Fischer, A. 194, 1878, 242; B. 11,
1079 ; 13, 2204). It is one of the oldest artificial
dye-stuffs ; it was discovered in 1858 by A. W.
Hofinann (J. 1858, 351) ; and re-dis-
covered by Bosenstiehl in 1869 (Bull, de la Soc.
Ind. de Mulhouse, vol. 36, p. 264). For a long
time it was considered a substance of merely
theoretical interest, beeause its shade is almost
identical with that of ordinary fuchsine or
magenta (see under 2), which is much more
easily prepared. At présent, however, it is
manufactured on a large scale, not as a dye-stuff
for sale, but as a raw material for certain blues,
which will be mentioned later on.

A large uumber of reactions have been
observed and described, which resuit in the
formation of pararosaniline. Of these the
following may be mentioned :

(a) Pure aniline heated with carbon tetra-
chloride yields parafuehsine. This method was
praetically used on a manufacturing scale by
Monnet and Dury in Lyons.

(b) Pure aniline, heated with iodoform, gives
a fair yield of parafuehsine iodohydride.

(c) Pure aniline, lieatedwithparanitrobenzylie
chloride in the presence of iron filings or iron
salts gives a good yield of parafuehsine. This
method, or modifications of it, form the substance
of Greiff's and Baum's patents (Germ. Pat.
No. 15120 and 19304 Greiiï, and 41929 Baum).

(d) Pure aurine (rosolie acid), which will be
described later on, yields parafuehsine if strong
ammonia be allowed to aet on it for a long time
at a high température.

(e) It has been shown (e. introduction) that
the reduction-product of parafuehsine is para-
leuco-aniline, and that the latter is identical
with triamidotriphenylmethane. The latter may
easily be prepared from triphenylmethane by
nitration and réduction, and by various other
methods. Attempts have not been wanting to
work out a method for the production of para¬
fuehsine from synthetical leucaniline. No
good method, however, has hitherto been dis¬
covered for this purpose, and ail the patents
based on this réaction have proved failures. It-
is very easy to produce a trace of fuchsine in a
solution of leucaniline ; but no method is known
for finishing the reaction.

(/ ) Mixtures of pure aniline with pure para-
toluidine yield parafuehsine if subjected to oxi-
dation. This is the usual practical way for the
production of parafuehsine. The oxidation may
be effected either by arsenic acid or by nitro-
benzene. Other oxidising agents—such as
mercuricbiehloride, stannic tetrachloride, &c.—
produce the same resuit, but at a higher cost.
The arsenic acid process (which will be described
later on) is almost exclusively used for the pro¬
duction of parafuehsine. The chemical reaction
which takes place is very simple. Arsenic acid
is reduced to arsenious acid. The oxygen which
is thus obtained combines with hydrogen of the
aromatic bases :

2CfiH5NH2 + C5H4.CH3.NH, + 30
= 2H20 + C19H1sN3OH

Triamidotriphenyl
carbinol.

The methyl group of paratoluidine is used
up for producing the central carbon around
which the other radicles are grouped.

(g) Diamidodiphenylurethane, mixed with
aniline and heated with oxidising agents, yields
parafuehsine. This synthesis forms the basis
of a new manufacturing process.

It has already been said that parafuehsine
has no advantages over ordinary magenta red
for dyeing purposes. It is, therefore, never to be
met with in the market. As a rule the melts
are worked up in the same manner as ordinary
magenta melts, but the resulting crystals oi
the pure hydrochloride are re-dissolved and pre-
cipitated in the sliape of pararosaniline base
by the addition of ammonia or mille of lime.
The base is then used for the production of
blues.

Parafuehsine hydrochloride forms small
glistening crystals of metallic green lustrous
colour. As a riile, they are very small, much
smaller than the crystals of the ordinary
magenta. Parafuehsine acetate is similar in
appearance and crystallises much more easily
than the ordinary magenta acetate.

Pararosaniline is important, beeause it is the
parent substance of ail the various violets,
and of some 0 £ the blues, which will be described
later on.

2. Ordinary fuchsine, magenta red, roseine
(rubesine, harmaline, aniline red, azalein,
solferino, erythrobenzine), is an article of great
importance and very général application. The
latter is due to the fact that it was one of the
first artificialdye-stuffs, althoughnot one ofthe
best. A great demand for it has gradually been
established, which forces the manufacturers to
carry on its production on a large scale, even
now, when much better dye-stuffs may be pre¬
pared by other methods.

Chemically, this colouring matter may be
defined as the higher homologue of parafuehsine,
in which one of the phenyl- groups has been re-
placed by the tolyl- group :

C6H4.'C\c/ ' - - , = CfflHjjNjCl-KT/ \c6H3<!^
C6H4.NH2

ci/)\h
H

vNH,

Ordinary fuchsine.

The product of commerce, though chiefly
composed of this substance, invariably con-
tains an admixture of parafuehsine as mil
as of the higher homologues C21H2,NJC1 and
C^HjjNjCI. Like parafuehsine, it contains four
molécules of water of crystallisation.

Fuchsine is invariably prepared by oxidising
a mixture of aniline with para- toluidine and
ortho- toluidine. This mixture is generally
known as ' aniline for red,' and was originally
produced by the nitration and subséquent rédac¬
tion. of a certain fraction of erude benzene, which
consisted of benzene and toluene. Sometimes
it even contained some xylene ; in this case
xylidine entered into the composition of ' ani¬
line for red.' At présent most of the'aniline
for red ' is a mixture of pure aniline with crade
toluidine. By the latter we mean the mixture
of ortho- and para- toluidine which is 0"
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tythe nitration and subséquent réduction of pure
toluene. Crude toluidine consists as a rule of 60
p.c.ortho- toluidine and 40 p.e. para- toluidine.
The quantity of aniline added to crude toluidine
in order to produce the ' aniline oil for red '
varies according to the recipes of various
manufacturera. As a rule, half of the weight of
the toluidine is added. A certain boiling-point
(for instance, 188-200°) and a certain spécifie
gravity (for instance l'OlO) are prescribed, and
should be strietly adhered to by the aniline oil
manufacturer. In some cases an addition of
xylidine is neeessary in order to produce a pro-
duct of the neeessary boiling-point and density.
Theoretically, an oil containing equal molécules
of the three bases would be required ; but for
praetical work an excess of aniline and ortho-
toluidine is required, beeause a part of these two
escapes the reaction, whilst the para- toluidine
is entirely used up.

Of ail the methods which in the course of
time have been proposed for oxidising this
mixture, only two have survived, both having
their spécial advantages. They are known
under the names of the arsenic acid melt and
the nitrobemene process.

Magenta was originally prepared by Natan-
son, in 1856, by heating aniline with ethylene
ebloride. In 1858 Hofmann observed its forma¬
tion when allowing carbon tetraehloride to aet
on aniline. In 1859 Verguin prepared it by the
action of stannic chloride on aniline. Verguin's
employers, the dyers Renard Frères and Franc,
in Lyons, took up its manufacture on a large
scale, and invented the name fuchsine. Later
on a company was formed, under the name of
'La Fuchsine,' for working Verguin's patent.
Gerber-Keller invented a process for oxidising
aniline by means of mercuric nitrate. The dye-
stuff thus obtained was believed to be différent
from fuchsine, and received the name azaleine.
In 1860 Medloek diseovered the arsenic acid
process, which is still in actual use. His patent
was invalidated owing to a clérical error con-
tained in the description. In 1869 Coupier de-
scribed his process for producing fuchsine by the
nitrobenzene process. This method, which did
not give good results at first, was gradually
worked out by various manufacturers, and is
now équivalent, if not superior, to the arsenie-
acid process.

Various salts of rosaniline were formerly in
commerce. The original fuchsine was the
hydrochloride, azaleine was the nitrate ; whilst
magenta and roseine were the names applied to
acetate, produced by Nicholson, the first to
manufacture this colouring matter in a prae¬
tical and rational manner. Gradually the
nitrate and acetate disappeared from the market.
At présent the hydrochloride is the only sait
produced, to which, therefore, the original name
of fuchsine should be applied. English manu¬
facturers still use the names magenta and roseine
for tbe hydrochloride. A large quantity of the
fuchsine manufactured is transformed into
rosaniline, which is delivered into the market
either under tbis name or as ' magenta base,'
'redbase,'or'roseine base.' These names are
not quite correct, beeause rosaniline may not
strietly be considered as the true base of the
hydrochloride of fuchsine.

Vol. III.—T

The true base of fuchsine is

C6H4\ /0„H4NH2
v v,-/ --CH

sSH,
\ XcH^®'N VU«3XNI
A

OH H,

which, in the moment of its formation, under-
goes a molecular transformation into

H„N—C6H4\
/C\r tt /CH3

HO 8 3\NH2
Kosaniline

(Triamidodipheiiyltolylcarbinol).

Manufacture of fuchsine.
1. Arsenic acid process. The properties of

the ' aniline oil for red ' have already been dis-
cussed. The mixture of bases known under this
name is transformed into the dye-stuff by heat¬
ing it with arsenic acid. The latter is prepared
by oxidising arsenious acid (white arsenic) by
means of nitric acid in closed earthenware pots.
The escaping nitrous fumes are condensed in a
tower, in which they meet an opposing current of
water and air. The nitric acid is thus regenera-
ted, and may be used again. Practically, there¬
fore, the formation of the arsenic acid is accom-

plished by the oxygen of the air. The arsenic acid
solution obtained has a sp.gr. of T85-2-3, and
contains from 60-75 p.c. of arsenic acid H3As04.
1,500-1,700 kilos of this solution are required in
order to oxidise 1,000 kilos of ' aniline oil for
red.' These quantifies of the reagents are intro-
duced into cast-iron pots, closed by a lid ; a me-
chanical stirrer and a tube for the escape of
the vapours should be provided. The mixture
is then gradually heated to 180°C. This tem¬
pérature should be strietly maintained during the
whole opération. If the température rise above
190°, the dye-stuff already formed is decomposed.
From eight to ten hours are required in order to
complété the reaction. During the whole time
vapours escape, which should be condensed in a
leaden coil connected with the escape tube, and
cooled by a current of water. At first the dis-
tillate consists cliiefly of the water introdueed
with the arsenic acid. Later on, the water
formed in the reaction distils ; at the same time
some aniline oil goes over. The total quantity
of the aniline escaping the reaction is one-third,
or even one-half, of the quantity originally used.
The melt, which is very thin at first, gradually
becomes viscid ; at the same time it assumes a
brown, metallic lustre. Samples should be taken
from time to time. When the melt becomes
brittle on cooling, the reaction is finished, and the
fire should be drawn. The melt is then at once

removed from the pot. In some factories an
opening is provided for this purpose in the
lowest part of the pot, which is closed by a lid
and screw whilst the heating lasts. As a rule,
however, it is preferred to remove the cover of
the pot, and to ladle out the melt. The latter is
spread on trays made of sheet iron. On cooling,
it solidifies into cakes, which are very brittle,
and break up into small lumps on being handled.

The crude melt contains the colouring matter
in the shape of arsenite, together with an excess
of arsenious and arsenic acids, some coloured

3 K
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by-products (v. infra), and a large quantity
of tarry impurities. In order to obtain the pure
dye-stulï, the crude melt is introduced into
horizontal wrought-iron boilers, in which an
eccentric horizontal stirrer is made to rotate.
Water is added, the lid of the boiler is elosed,
and steam is introduced at a pressure of four to
five atmosphères.. After several hours' vigorous
stirring, the greater part of the rosaniline arsenite
has been dissolved by the water. The liquid is
then forced througli felt into iron tanks, where
it is allowed to eool down to 50°C. A suffieient
quantity of sait is then added to preoipitate the
whole of the colouring matter. By the addition
of the sait a mutual décomposition takes place.
Sodic arsenite is formed, and remains in the
liquid, whilst the colouring matter is precipitated
in the shape of chloride. It settles out as a
thick green tar of metallic lustre, which solidifies
into a brittle substance on cooling. The super-
natant aqueous liquid is then drawn off, the
crude fuchsine is chipped out, and introduced
into another extractor, similar to the one used
for treating the melt. A very small quantity of
soda ash or clialk (about | p.c. of the weight of
the crude dye-stuiï) is added, and a second
extraction takes place. The liquid is again
forced through felt into large wooden vats, in
which some wooden boards are suspended.
When the vats are filled, a small quantity of
hydroehloric acid and clean butter-salt is added
to each vat. In these vats the dye-stuiï separates
out, in the shape of fine glistening green crystals.
The largest crystals are generally deposited near
the surface of the liquid. When the crystal-
lisation is finished, the mother-liquor is drawn
off, and the crystals are collected and sorted
according to their shape and size. The largest
crystals are sold under the name of ' diamond
fuchsine.'

By-products. The residues of the first boiling
may be subjected to a second extraction ; as a
rule, some hydroehloric acid is added in this
case. A deeply-coloured solution is thus ob-
tained, from which an impure colouring matter
may be precipitated by the addition of sait.
This colouring matter is sold under various
names (magentacake, cerise,grenadine,marroon),
and finds a ready market. It dyes a magenta
colour, which is less brilliant than the shade
obtained with' the crystals. A third boiling is
sometimes necessary. The colouring matter ob¬
tained from this is very impure. It is, therefore,
dissolved in weak hydroehloric acid, and some
zinc-dust is added, which reduces the magenta
contained in the liquid. On precipitating with
sait, a colouring matter of a brown shade is
obtained, which is sold as ' Nangking,' or ' leather
brown.' The black insoluble residue of the third
boiling still contains some dark-blue colouring
matters of the induline sériés, which are, how-
ever, not worth the trouble of extracting.

The mother-liquors from the crystals contain
a yellow colouring matter of great fastness and
purity. This substance, known under the name
of phosphine, belongs to another group of dye-
stuffs, being a sait of diamidophenyl acridine.
For extracting it from these mother-liquors, the
latter should be acidulated with hydroehloric
acid, and some zinc-dust added until ail the
fuchsine is reduced. The phosphine may then

be precipitated by the addition of sodic nitrate.
The amount of phosphine formed varies accord¬
ing to the composition of the aniline oil and the
température of the melt. It is never considér¬
able, and very often the quantity présent is so
small that it is not worth while to separate it.

Becovery of the arsenious acid. Formerly
the residues of the manufacture of magenta were
left in the factory yards or thrown into the sea.
At présent this is not allowed, and the manufac¬
turer are invariably forced to recover their
arsenious acid, so as to prevent the poisoning
of wells and streams. The recovery, as it is
now carried out, is so economical that the value
of the arsenious acid obtained covers the cost of
working the process. The process, which was
worked out by A. Leonliardt, consists in burnieg
the solid residues and using the heat for evapo-
rating the arsenical liquids. The dry residue of
the evaporation is introduced into the furnace,
and burned along with the solid residues. Care
is taken to introduce no more air than is neces¬

sary for burning the organic matter. By this
précaution a complété volatilisation of the
arsenic in the metallic state is obtained. The
vapours of arsenic are led into a higkly-
heated combustion-ehamber. Here they are
mixed with the necessary quantity of hot air
to eompletely burn the metallic arsenic into
arsenious acid As,Or The vapours of the latter
are then led through condensing chambers simi¬
lar to those used in the manufacture of white
arsenic. In these chambers the arsenious acid
is deposited in the shape of a white powder.
From time to time the chambers are opened, the
arsenic is removed, and used again for the manu¬
facture of syrupy arsenic acid by the aid of
nitric acid. A certain stock of arsenic is thus
suffieient to earry on the manufacture of fuchsine
for an indefinite period.

2. The nitrobenzol process. This process
was originally invented by Coupier, of Paris;
but it was for the first time successfully worked
on a large scale by the firm of Meister, Lucius
und Brùning, of Hôchst-am-Main. Other firms
followed in the course of time, and at présent
this process is more frequently used than the
one with arsenic acid.

It was originally supposed that the nitro-
benzene used in this process enters into the
rosaniline formed, after having served as an
oxidiser. At présent it is generally recognised
that the nitrobenzene merely acts as an oif
dising agent, and that it is transformed into
tarry matters, which are useless and remain in
the residues. The nature of the nitro- compound
used is, therefore, of no influence on the compo¬
sition of the dye-stuffs obtained. Pure nitro¬
benzene, or a mixture of nitrobenzene with
nitrotoluene, may be used. Ortho-nitrotoluene
acts more easily than any other nitro- compound;
it has, therefore, been used with advantagehy the
writer. Para-nitrotoluene has little tendency to
aet as an oxidiser. If, therefore, a mixture of
nitrobenzene with the two nitrotoluenes (the so-
called ' nitrobenzol for red ') be used, the para-
nitrotoluene escapes with the distillate.

The advantage of the nitrobenzol process
consists, therefore, not in an economy of ingré¬
dients, but in the fact that by its application
magenta free from arsenic may more easily be
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obtained. The yield in good crystallised fuch¬
sine is slightly larger (if only the aniline used
be talcen as basis of the ealculation) than in the
arsenic acidprocess. This increase of yield pays
for the increased price of the oxidising agent.
In times when commercial benzol is cheap the
process compares favourably with the arsenic
acid process, whilst it is at a disadvantage when
the prices of benzol are rising. For working
this process it is a condition that the manu¬
facture of aniline be carried on in the same

Works; the distillâtes are a mixture of aniline
and nitrobenzene, which must be returned into
the réduction process before they can be used
again.

The process is worked with différent propor¬
tions and in a différent manner in différent
works. It is based on the following facts : Aniline
and nitrobenzene do not react upon each other ;
nor does a reaction take place if aniline hydro-
chloride be added. But if a small quantity of
iron chloride be added, a reaction sets in, at a
température 160°. If the aniline and aniline
sait used are pure, a dye-stuff of the induline
group is obtained ; but if para-toluidine and
ortho-toluidine be présent in the necessary pro¬
portions ordinary fuchsine is the resuit of the
réaction. The oxidising influence of the nitro-
compound, however, attacks also the fuchsine
already formed, and part of it is thërefore
decomposed again. For this reason, quantitative
yields cannot be obtained. At 190° the action
of the nitrobenzene becomes so violent that ail
the colouring matter is destroyed. The greatest
care is, therefore, required in this process, and
the température should never be allowed to rise
over 175°. Cold-air flues, and even arrange¬
ments for cooling with water or ice, are therefore
invariably provided in connection with the
melting-pots. The size of the latter has been
constantly increased, because it is easier to keep
large vessels at a constant température than
small ones. Enormous pots, capable of working
one or two tons of melt, bave been used. Excel-
lentarrangements for stirring should be provided.
It is a good plan to niake the melting-pots of
spherical shape, and to give the stirrer an
oblique position in this spherical pot. No water
should be présent in the mixture, as in this case
the nitro- compound is simply reduced into
aniline by the iron protoehloride, and the reac¬
tion stops. The hydrochloric acid ùsed should,
therefore, be combined with the necessary quan¬
tity of the aniline and the mixture evaporated
until it solidifies into ' aniline sait cake ' on

cooling. Sometimes the iron chloride solution
is added, so that the cake obtained is intimately
mixed with the iron sait. This cake is then
dissolved in the rest of tliç aniline, the nitro-
compound is added, and the mixture is heated
until the réaction sets in. Other manufacturera
prefer to add iron filings or dry ferrous chloride
to the mixture of aniline with aniline cake and
nitrobenzene. An ingenious patent, taken out
by Herran and Chaudé, proposed the use of
certain double salts of the général formula
Ii,Cl,,2RCl2, such as ferri-ferrous chloride, ferri-
zinc chloride, alumini-zinc chloride, and others.
The addition of iron filings, originally proposed
by Coupier, is not customary at présent. Anby-
drous zinc chloride, which has also been pro-
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posed as a means of starting the oxidising action
of the nitro- compound, has not proved satis-
factory.

The following proportions have been pro¬
posed:

100 parts aniline for red,
50 „ nitrobenzene,

3-5 „ iron filings,

and a sufficient quantity of hydrochloric acid to
neutralise two-thirds of the aniline (Hausser-
mann). The quantity of nitrobenzene is too
large ; it may very well be reduced to 40 parts,
or even less.

Wurtz gives the following proportions :
38 parts aniline,

17-20 „ nitrobenzene,
18-22 „ hydrochloric acid,

2 „ iron filings.
The following is Coupier's mixture :

67 parts toluidine,
95 „ nitrotoluene,
G5 ,, hydrochloric acid,

7 „ ferrous chloride.

The large quantity of nitrotoluene proposed in
this prescription is due to the fact that only the
ortho-nitrotoluene, of which about 50 parts are
présent in the mixture, acts as an oxidiser.
The para-nitro- compound is recovered in the
distillate.

The following proportions were used by the
writer in regular factory work :

400 kilos aniline for red,
222 „ hydrochloric acid, 20°Bé.,
247 „ orthonitrotoluene,

and the ferrous chloride prepared from
9 kilos iron borings, and

41 „ hydrochloric acid.
Half of the aniline is dissolved in the 222

kilos of hydrochloric acid, the solution of the
ferrous chloride is added, and the whole evapo¬
rated in a stone still before being mixed with
the remainder of the aniline and the nitro¬
toluene.

The nitrobenzene melt cannot be pushed so
far as the arsenic acid melt. When finished it
should not solidify into a brittle mass on cooling.
It should be still soft, owing to a proportion of
uncombined aniline which it still contains. This
aniline must be extracted by boiling up with a
small quantity of dilute hydrochloric acid.
After its removal, the melt becomes brittle on
cooling. It is worked up in the Leonhardt ex-
tractors, in exactly the same manner as described
for the arsenic acid melt.

Becent improvements. It has already been
said that several synthetical methods have been
proposed for the manufacture of magenta, which
met, however, with no success. Quite recently
improvements have been introduced into the old
melting processes, which, being based on theo-
retical considérations, promise well for the
future. The most important of these improve¬
ments is the one described in the German patent
53937 (and additional patent) of the Farbwerke
vorm. Meister, Lucius und Brûning in Hochst-
am-Main, dated November 27, 1889. Itconsists
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in replacing, in the nitrobenzol process, the
aniline for red by a mixture of diamido-
diphenyl-methane and aniline. The patents
refer only to the production of the diamido-
diphenyl-methane, whieh is prepared by first
acting with formic aldéhyde (now an article of
commerce) upon aniline. The anhydroform-
aldehyde aniline obtained is heated with aniline
and aniline hydrochloride, by which means
diamido-diphenylmethane is easily formed. If
instead of C0H5N.CHV, anhydroformaldehyde
aniline, any of its higher homologues be heated
with the corresponding bases, the homologues of
diamido-diphenylmethane are produced. By
introducing these bases instead of paratoluidine
into the magenta melt, very large yields of
the dye-stuiï are said to be obtained. The
dye-stuiï prepared by this new method is sold
under the name of ' Neu-Fuclisin ' (new ma¬
genta).

Quite recently a patent has been applied for
by Cassella & Co., of Frankfurt-am-Main, the
essence of which is probably the same. It con-
sists in introducing methylic alcohol into the
arsenic acid melt. Formic aldehyde is probably
thus produced, which is at once transformed
into diamidodiphenylmethane.

Acid magenta. The ordinary fuchsine or
magenta has been used for dyeing cotton, wool,
and silk. But its properties make it necessary
to use neutral or very sliglitly acid baths. This
is a considérable drawback to its use on silk or

wool, especially in combination with other dye-
stuffs which require distinctly acid dyebaths for
their suecessful application. It was, therefore,
a décidée! progress to introduce a sulpho- deriva-
tive of magenta into the market. This progress
was realised by H. Caro in 1877 (Eng. Pat. 3731,
1877 ; Germ.Pat.BadiseheAnilin- & Soda-Fabrik,
No. 2096). He proved that magenta, whieh
shows a marked résistance to ordinary sulphuric
acid, may easily be converted into a trisulpho-
derivative by treatment with fuming sulphuric
acid. The ordinary crystallised hydrochloride
is used. It is introduced in a finely-powdered
condition into fuming sulphuric acid ; the mix¬
ture is then heated to a température not below
120° and not above 170°C. Hydrochloric acid
is given oiï, and the sulpho- derivativeis formed.
When the opération is finished, it is diluted with
water and worked up in the usual manner, by
first preparing the lime-salt and then converting
it into the sodium sait. The para- derivative
has the composition C10H16N3O10S3Na3, the higher
homologue C,0Hl8N3O10S3Na3; the ordinary acid
magenta is a mixture of the two. It forms a
metallic green powder, very soluble in water
with magenta colour, which disappears com-
pletely on addition of caustic alkali, the sulpho-
derivative of the colourless triamido-triphenyl
carbinol being formed.

Acid magenta may also be obtained by acting
with chlorosulphonic acid S03NC1 upon dry
magenta base (E. Jacobsen, Germ. Pat. 8764,
1879; Eng. Pat. 2828, 1879).

By using the various by-products of magenta
instead of the pure dye-stuiï, acid derivatives of
these may be obtained which prove particulai'ly
valuable for dyeing mixed shades.

Magenta base (red base, roseïne base). A
large proportion of the fuchsine produced is

transformed into the corresponding base, the
composition of which has already been discussed.
For the production of a good base, crystallised
fuchsine only should be used. This is dissolved
in a large bulk of boiling water, and basilied
either with milk of lime or with ammonia. No
caustic alkali should be used. From the filtered
solution the base settles out on cooling in
crystals, which have the shape of a fern-leaf of
pale-pink colour. In the air they generally
become darker, because a certain amount of
magenta carbonate is formed on their surface.
The base thus prepared is sold for conversion
into violets and blues (g. v.).

CoLOtJRING MATTERS DERIVED FROM BOSANILCiE.

The famous researches of A. IV. Hofmann
proved, at an early period, that rosaniline is
capable of having the hydrogen atoms of its
amido- groups replaced by alkyl groups, and that
the substances so formed are remarkable not
only for the brilliancy, but also for the great
variety, of their shades. Hofmann himself in¬
troduced the alkylic radicles of the fatty sériés
into the molecule of rosaniline, and thus ob¬
tained the colouring matters which for a long
time played an important part under the name
of Hofmann's violets. Girard and De Laire
discovered a method of introducing the phenyl
and other aromatic groups into the molecule of
rosaniline, and thus inaugurated the manufac¬
ture of aniline blues. It was then attempted,
first by Lauth, to produce alkylated rosaniline»
by direct oxidation of alkylated aniline, and this
method proved of great practical importance in
the hands of Bardy, although the theory of this
process was only understood at a much later
period. Finally, a synthetical method for the
production of certain alkylated rosaniline deriva¬
tives which cannot be produced by direct alkyla-
tion of rosaniline itself, was discovered by Kern,
whose processes are based on the theoretical
researches of Michler.

Ali these colouring matters will now be
described, and the methods of their formation
discussed.

1. Hofmann's violet C^H^sCl, hydro¬
chloride of triethyl rosaniline :

c6H(.N<°A
.-0

| c«H4
HC1

is obtained by heating magenta base with ethjlic
iodide, bromide, or chioride, and a suflicient
quantity of alcoholic soda solution to neutralise
the acid formed in the reaction. The magenta
base is prepared by deeomposing a very rak
fuchsine solution with milk of lime or ammonia.
From the filtered solution the base crystallises
in small leaflets of a pink colour. The alkyla-
tion is effected in closed vessels of copper or
cast-iron, whieh are heated to 80-100°C. by
steam or in a water-bath. The trimethyl ros¬
aniline hydrochloride, which is slightly bluer in

j shade, was formerly also prepared. This is
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no longer employed. By using less of the alkyl
haloids than is neeessary for completing the re¬
action, redder shades were obtained, which were
mixtures of the mono- and dietliyl- or methyl-
rosanilines.

2. Methyl violet B. C. Lauth, wishing to
find a new method for the production of Hof-
mann's violets, tried to oxidise methylated anil¬
ine. He obtained a violet of much biner shade.
Bardy worked out the method, which was
patented by Poirrier and Chappat (French Pat.
71970, dated June 16, 1866). The produet ob¬
tained was proved to be the hydrochloride of
pentamethyl rosaniline Cj^H^NjCl

|\CHa

o.h4
1

—nch3
A

H Cl

Tliis dye-stuff, which beeame of enormous
importance, was for a long time known under
the name of Violet de Paris.

The mode of formation is very interesting.
Many researches have shown that it is best pre-
pared from pure dimethyl aniline, which should
lie as free as possible from every trace of mono-
inethyl aniline. If three molécules of dimethyl
aniline be oxidised into one molécule of the dye-
stuff, one of the six methyl groups présent serves
to formthe central earbon atom, whilst the other
five remain eombined with the amido- groups
of the dye-stuff formed.

The process of oxidation employed is totally
différent from those resorted to in the manu¬

facture of magenta or fuchsine. Cupric chloride
is used as an oxidiser at a température which is
little above that of the atmosphère. The cuprous
chloride formed is again transformed into cupric
sait by the oxygen of the air. The air should,
therefore, have easy access to the mixture. To
fulfil this condition, a porous condition is given
to the melt by the admixture of sand or other
indiffèrent materials. Cakes are formed of the
mass, and these are left on trays in a hot
chambev. The following proportions have been
recommended :

100 parts sand,
10 „ dimethylaniline,

3 „ cupric nitrate,
2 „ sodic chloride,
1 „ weak acetic acid.

The cakes, which show a dull greenish colour
at fiist, gradually assume a bronze lustre and
become hard and brittle. They now contain
the violet formed in an insoluble eombination
with cuprous chloride. To obtain the violet,
the cakes should be powdered, and ail soluble
substances extracted with water. The double
sait of violet and cuprous chloride should then
be decomposed. Various means have been
adopted for this purpose.

The original process eonsists in treating the
material with a weak solution of sodic sulphide.

Insoluble copper sulphide is formed, and the free
violet is dissolved. From the filtered solution
it may be precipitatecl by the addition of sait.
It cornes out in the shape of a gold-eoloured
tar of métairie appearance, which is eollected
and dried in jacketed pans. When dry it forms
a brittle mass of métairie aspect, showing no
tendency wriatever to erystallise. It is sold
under trie name of ' Methyl violet b ' or ' direct
violet.'

The use of sodic sulphide has this incon-
venienee, that every excess of reagent acts as
a reducing agent on the violet, transforming
it into its leuco- eompound, which cannot be
separatecl from the violet, and impairs its
slrength, besides producing other inconveniences.
To remedy this drawback, several factories
adopted gaseous hydrogen sulphide instead of
the sodium eompound. Hydrogen sulphide
has no reducing action on violet in neutral or
slightly acid solutions. The use of this gas on
a large scale is, liowever, extremely dangerous,
and frightful accidents, which happened re-
peatedly, have led to the abandonment of its
use.

The following methods, which have not yet
been published, admit of the extraction of the
violet without the use of sulphides.

The first is based on the fact that, although
the violet combines with cuprous chloride in
the shape of its hydrochloride, the same is not
the case if the two be présent as sulphates. If,
therefore, the crude insoluble melt is boiled with
dilnte sulphuric acid, the violet goes into the
solution together with the copper. The solution
is then filtered off from the sand. If now sait
were added in order to precipitate the violet, the
insoluble eompound would be re-formed. To
prevent this, sodic sulphate (free from chloride)
is used for precipitating the violet, which cornes
out as sulphate, whilst the copper remains in
the solution. The violet sulphate is now carefully
washed, re-dissolved, and re-precipitated in the
shape of chloride by the addition of common
sait.

Another process, which gives equally good
results, is based upon the fact that the insoluble
eompound becomes soluble if the cuprous chlor¬
ide contained in it be oxidised into cupric sait.
For this purpose the crude cake is triturated
with a solution of ferrie chloride. It is then
filtered off and washed. The violet, which has
become soluble, may now be extracted with
water, and precipitated by the addition of sait.

Great improvements have been effected in
the melt itself. First of ail, it was recognised
that the cakes, if left to themselves, were apt to
lose too much dimethylaniline by evaporation ;
they also remained insufficiently oxidised in
their interior. To obviate this, the use of bread-
kneading machines was resorted to, through
which a current of air was blown. This current
was niade to pass through a vessel containing sul¬
phuric acid, after leaving the machine. Complété
oxidation was thus obtained, whilst the evapo-
rating base was reeovered in the acid.

Later on, the quantifies of the copper sait
were redueed, and some potassic chlorate was
added to the mixture. This yieldedtbe necessary
oxygen, the presence of a current of air became
superfiuous, and the evaporation of the base
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could be stoppée! by using closed vessels or
kneading machines.

Another great inconvenience is the sand. It
is necessary as a diluting agent, but in the
after-operations it is very troublesome, being
very heavy and producing great wear o£ the
apparatus. It was, therefore, a great progress to
use elean sait instead of sand. Tlie sait is quite
as indiffèrent as the sand, but after having done
its duty, it may be easily removed by solution,
leaving the insoluble compound of violet and
cuprous chloride in the shape of a fine dark
powder, which is admirably fitted for being
worked up into soluble product.

By such improvements it was possible to
raise the yield of eolouring matter, whieh at
first hardly reaclied 45 or 50 p.e. of the di-
methylaniline used, to 90 p.c. and more. If we
remember that 30 p.e. of pure eolouring matter
are a fair yield in the manufacture of magenta,
we may well understand that methyl violet, al-
though manufactured from a much more expen¬
sive raw material than fuchsine, soon beeame
much cheaper than its parent substance.

Quite recently the yields of violet have been
further increased by a curious means. It consists
in adding some phénol to the mixture. The
action of the phénol, which may be recovered, is
not quite clear, but by its use the yield of violet
becomes very nearly theoretical.

In the manufacture of violet, espeeially by
the older methods, there is always some tri- and
tetra-methylrosaniline formed along with the
penta-methyl derivative, because the methyl
groups are attacked, and transformed into formie
aldehyde, which escapes. The violet is, therefore,
slightly redder than it ought to be. To com-
pensate for this loss, Bardy treated his direct
violet with benzylic chloride, and thus intro-
duced benzyl groups wherever methyl was
wanting. The violet of very blue shade thus
obtained was brought into commerce under the
name of Methyl violet 5 B or Benzyl violet. It
lias now lost its importance, having been to a
great extent replaced by the very beautiful crys-
tallised violets obtained by the synthetical
method of Kern.

3. Iodine green and Methyl green. It has
already been said that Hofmann's process of
direct alkylation of rosaniline does not go farther
than to the tri-alkyl derivatives. If the action
of alkyl haloids be still continued, ammonium
bases are formed. Thus Keisser obtained (1866),
by heating Hofmann's violet with methylic
iodide in a methylic alcohol solution, a green
eolouring matter, which was manufactured and
sold for many years under the name of iodine
green. A very similar dye-stuff was prepared
from methyl-violet in a similar manner by Bardy,
who used, however, methylic nitrate instead of
the iodide. After several fearful explosions, the
use of the nitrate was abandoned, and methylic
chloride or bromide, also ethylic bromide, were
used instead. The dye-stuff thus obtained was
sold under the name of methyl green. It did
not contain any iodine, and was therefore much
cheaper than the iodine green, which it quiekly
replaced.

Chemically, the two may be considered as
identical, viz. as methyl ammonium- derivatives
of hexamethyl-rosaniline. Iodine green, being a

derivative of ordinary rosaniline, of course cou-
tains one tolyl group :

CH^^CH,
/V ■CIL

N/

-K>
/\

CH,
!,/■

N3H,

V-<c
.

CH.,
Iodine green C„"B3ST^^n

M3H„

whilst methyl green is the corresponding deriva¬
tive of pararosaniline :

CH,^ t/CH,
I
/\

CH,v
I

—C-

I
/\

I /CH,
"Î<CH,

Cl

_ '/cl
T CH,

CH,
Methyl green C,GH„X,Cl2.

Both these dye-stuffs were brought into com¬
merce in the shape of their double salts with
zinc chloride. The iodine green formed a dark
powder, whilst the methyl green formed pretty
green needles or leaflets.

To préparé these dye-stuffs the violets were
simply heated with the alkyl haloids in closed
enamelled iron vessels to 120°C. Some wood
spirit, or common alcohol, was added as a sol-
vent. A pressure of 10-12 atmosphères was
observed, which went down when the réaction
was finished. The crude product was dissolved
in water. This solution was of dark-blue colour,
because there was always some violet which
remained unattacked. To separate this, the
solution was shaken up with amylio alcohol,
which dissolved out the violet. The green re¬
mained in the aqueous solution, from which it
could be precipitated by the addition of zinc
chloride and common sait. To obtain crystals,
the crude green was re-crystallised from spirit.

These greens have now almost entirely been
replaced by the diamidotriphenylmethane deri¬
vatives already described, which are not only
more brilliant in shade, but also much more
stable. Iodine green and methyl green are de-
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composée!, and turn a dirty violet even by the
action of a gentle heat, as produced in eylindering
tissues, and on many other occasions.

Pararosaniline derivativesprepared byKern's
metliod. A new way of preparing alkylated para-
rosanilines was indicated by Kern, who started
from the observations published by W. Michler
(B. 9, 1876, 716). Tkis chemist had sbown
that by acting with carbonyl ebloride C0C12
upon dimethylaniline, the ebloride of dimethyl-
amidobenzoic acid is formed, which acts again
on dimethylaniline, yielding tetramethyldiamido-
benzophenone :

/CsH,N<<g
C = 0

\h,N<^
At the same time, so Michler observed, an in¬
tense blue colouring matter is formed. A. Ivern
(1883) followed up Michler's observations, and
discovered not only the nature of the blue
colouring matter, but also the conditions under
which it may be obtained, as the sole product
of the reaction. The colouring matter proved
to be pure hexamethylpararosaniline, the forma¬
tion of which is due to the action of another
molecule of dimethylaniline upon tetramethyl-
diamidobenzophenone. This action is, however,
not very energetic, and must be intensified by the
addition of certain substances, or by substituting
for the ketone certain of its more active deriva-
tives. A number of various processes have
tkus been worked out, which will now be de-
scribed.

A. Kern's original modification of Michler's
experiment is based upon the fact that tetra-
methyldiamidobenzhydrol, the secondary alcohol
derived from the ketone tetramethyldiamido-
benzophenone, acts very easily upon aromatic
bases, forming triphenylmethane derivatives.
Tbis process is described in Kern^s Eng. Pat.
Ko. 5450 (1883), and the corresponding Germ.
Pat. Bad. Anilin- und Soda-Fabrik, No. 27032.
Tetrametliyldiarnidobenzhydrol :

c/h
OH

-which had already been obtained by Michler by
the action of sodium-amalgam upon the ketone,
may, according to this patent, be prepared in-
dustrially by boiling a solution of the ketone
in amyiic alcohol with caustic soda and zine-
dust. When the réduction is finished, the alco¬
hol is blown off with steam, the residue dissolved
in hydrochloric acid, and purified by fractional
précipitation with caustic soda.

The product thus obtained may be condensed
with primary, secondary, and tertiary aromatic
bases, yielding in every case alkylated derivatives
of paraleucaniline ; thus, for instance, with
dimethylaniline the leuco- base of hexamethyl-
rosaniline is formed, if the two be brought
together in a solution in weak sulphuric acid :
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C6H,N<<§
c=oh +w<a

w-N<cl:
C6H4.N<^
/

=c=C6H,N<^ +H2O
V<5

This leuco-base may be oxidised into the corre¬
sponding dye-stuff by the method indicated for
the production of benzaldehyde green—viz. by
the action of plumbic peroxide upon the hydro-
chloride of the leuco- base. The hexamethylros-
aniline liydrochloride thus obtained is a beauti-
fully crystallised substance, which forms green
crystals if anhydrous, C^H^NjCl, or bronze-
coloured prisms, if containing water of crystal-
lisation. In the latter case, its composition is
C25H30N3Cl + 8H2O. The great power of crystal-
lisation of this substance is very remarkable, if
we compare it with the ordinary violet obtained by
direct oxidation of dimethylaniline, which, being
a mixture of the tetra-, penta- and hexa- methyl-
rosanilines, shows no tendency whatever to
crystallise.

If in the process described diethyl aniline be
substituted for dimethyl aniline, both for the
production of the hydrol base and its subséquent
transformation, the resuit is, of course, hexa-
ethylrosaniline, which cannot be prepared by
any other process. This product is manufac-
tured and sold under the name of ' Ethyl-
purple, 6 B '^ethyl violet). It is a very beauti-
ful colouring matter, dyeing fine bluish-purple
shades.

Very soon a simpler method than the one
described was discovered by Kern and Caro
(Germ. Pat. 2C01C and 29943 ; Eng. Pat. 4428,
1883). It was based upon the fact that the
action of tetramethyldiamidobenzophenone upon
dimethylaniline, which, in Michler's experiment,
already had yielded a small amount of colouring
matter, may be modified by the addition of
certain substances, such as aluminium chloride,
zinc chloride, and others. If these be présent,
the reaction of phosgene gas (carbonyl chloride
COCl2) upon dimethylaniline does not resuit in
the formation of tetramethyldiamidobenzophen¬
one ; this is only formed as an intermediate
product, which reacts at once upon another
molecule of the base, forming hexamethylpara¬
rosaniline :

CaH,N<®3
CO +0BH5,N<Ç23.HC1
\h4.N<™3

c6H,N<^
=c-o6hj.n<^+h2o.

°.h^<CH3
_ —t!—ci
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The following is the method used at présent for
preparing crystal violet and ethyl purple 6 B :
100 kilos of dirnethylaniline (or diethylani-
line) are acted upon at a température of 20CC.
with 18-20 kilos of carbonyl chloride ; after
twenty-four hours' standing another 50 kilos of
the base and 30 kilos powdered zinc chloride
are added. The mixture is now heated to 40-50°C.,
and 20 kilos more of the carbonyl chloride are
introduced. After six hours' heating to 50°C.,
the reaction is finished. The mixture is now

introduced into a still, basified with caustic
soda, and the exeess of dirnethylaniline driven
off with steam. The remaining base of the
colouring matter is dissolved in weak sulphuric
acid, and precipitated in the shape of its chloride
by the addition of comm'on sait. It is then re-
crystallised from water.

This process leads, of course, only to para-
rosaniline derivatives in which the three amido-
groups are substituted in the same manner.
Besides the hexamethyl- and hexa-ethyl deriva¬
tives, the trimethyltriphenyl derivative bas been
obtained from methyldiphenylamine (Amer. Pat.
No. 327953, Kern and C. Millier). It was, there-
fore, a great progress when a method was found
for effecting the condensation of tetramethyl¬
diamidobenzophenone with ail kinds of primary,
secondary, and tertiary bases. This method,
which was worked out by Kern and H. Caro,
consists in the intermediate formation of the
tetramethyldiamidobenzophenone chloride :

C=C12

which, being much more active than the ketone
itself, reacts most easily upon bases of every
description. Eor the manufacture of colouring
matters it is not necessary to isolate the chloride,
an extremely unstable substance. It is sullicient
to react with phoephorous trichloride upon a
mixture of the ketone with the base which is
to be introduced into the triphenylmethane
derivative.

This process is described in the German Pa¬
tent No. 277891, the English Patents No. 4850
and 5038 of 1884, and a large number of corre-
sponding American patents, which contain many
examples of its application to the production of
dye-stuffs. Of these, however, only three have
obtained lasting importance. These are basic
colouring matters of a beautiful blue shade, and
interesting because they are the only members
of the triphenylmethane group which contain
the naphthyl radicle.

Victoria blue B C33H32N3C1 has the con-
stitutional formula :

/CfiH,N<£5C-C10H6.N<°?H*
\h,N<ch:1 Cl

It is prepared by mixing together
10 kilos tetramethyldiamidobenzophenone

and

9 kilos a-naphthylphenylamine,
and adding

7 kilos phosphorous trichloride to the mix¬
ture.

The reaction, which sets in at once, is
finished by heating to 110°C. The product is
dissolved in water, and the solution precipitated
with sait.

If a-naphthylparatolvlamine be taken instead
of the naphthylphenylamine, and condense! with
tetra-ethyldiamidobenzophenone, a blue of a very
greenish shade is obtained. It is sold under
the name night blue (Nachtblazi) and has the
composition C3SH,.,N3C1 :

CdHrN<£A

VeNXcâ
Cl

Another blue of very red shade is the one
sold under the name Victoria blue 4 B

C34H31N3C1.
It is prepared from tetramethyldiamidobenzo¬
phenone and a-naphthylmethylphenylamine. Its
constitution is probably

CeH4.N<<§
C-C10H„N<°g'

°^<£hI
Cl

Many modifications of the processes here de¬
scribed have also been indicated and patented.
Thus, instead of the carbonyl chloride, thio-
phosgene chloride

Cl

df
\l

may be usecÇ which yields with dirnethylaniline
the thioketone

c6h,n<°5
çs

\h4.N<{g
The latter may replace the oxygen compound
in ail its applications.

Again, perchloro-formic ether
Cl

c4
\

0

c=cis
and similar substances have been proposed as
substitutes for the phosgene chloride.

In the Gerrn. Pat. 34463, and the corre-
sponding Eng. Pat. 4961 (1884), the Farbwerke
Hôchst vorm. Meister, Lucius, und Briining
describe a process for the production of mixed
triphenylmethane colouring matters, which is
substantially identical with those already de¬
scribed. It consists in reacting with dimethyl-
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amidobenzoic ehloride, or analogous substances,
upon tertiary aromatic bases. It is chiefly used
for producing the ' Hôckster Neublau ' froni
methyldiphenylamine.

Rosaniline blues or pbenylated rosanilines.
These are of great importance, forming by far
the majority of blue aniline dyes in the market.
The chemistry of these compounds is, however,
extremely complicated. The blues delivered
into commerce are not chemieally pure sub¬
stances, but mixtures of various isomerides ; it
is very difficult to classify them. Moreover,
they are known under a very large number of
différent fancynam.es, many of whiek are applied
to products of différent composition by différent
lirms. The following is an attempt to classify
the various blues.

It has already been shown that a considér¬
able différence exists betxveen pararosaniline
hydrochloride or parafuchsine and the ordinary
fuchsine of commerce. The former is a uniform
compound C]9H18N3C1 + 4H20, whilst the latter
is a mixture of parafuchsine with at least two
isomeric homologues. Both these substances
may be phenylated ; their phenyl- derivatives
are blue colouring matters of great intensity and
beauty. But a greater différence is found to
exist between the phenyl- derivatives of para¬
rosaniline and those of ordinary magenta than
even between these two kinds of fuchsine them-
selves.

The method of phenylation is very remark-
able, and quite différent from the metkods of
substituting fatty radicles for hydrogen in the
amido- groups of rosaniline. The général method
in this case consisted in treating rosaniline base
with the halogen derivatives of these radicles.
Owing to the great stability of phenyl ehloride
C(HjCl, the same process cannot be applied for
the phenylation of rosaniline. The latter takes
place, however, with great facility if we allow
aniline to act upon rosaniline, ammonia being
.given off as a leuco- product :

CjHJ.NHJ
/

C-C6H4.NH2+3C6H5NH2 = 3NH3

\6H4.NH2C1
Parafuchsine

C3H4.N<°«H*
+ C'^C6H4.N<§>H5

1 Cl
Triplienyl pararosaniline hydrochloride (rosaniline blue).

This method of phenylation, which has been
indicated by Ch. Girard and G. de Laire, is in-
variably resorted to. It cannot, however, be
applied on a practical seale to the hydrochloride,
as assumed for simplicity's sake in our équa¬
tion. The reaction would be much too sluggish.
Organic acids must be used in order to get
good results. The majority of organic acids has
been tried for the purpose ; at présent, however,
only two are used, which give distinctly différent
resnlts, viz. acetic and benzoic acids. The

reason for this différence has not been definitely
established, but it is a fact known to every
manufacturer that blues of a greenish shade
can only be obtained with benzoic acid, whilst
acetic acid yields more reddish compounds.

The phenylation of rosaniline cannot be
pushed furtker than to the formation of tri-
phenyl rosaniline. The tetra-, penta-, and
hexa- phenyl derivatives are not known. But
even the formation of triphenylrosaniline, such
as it is indicated by our équation, takes place in
three successive stages, one phenyl group enter-
ing the molecule after another. It is, however,
practically impossible to separate these stages.
If, in the beginning of a blue melt, a certain
amount of mono-phenylrosaniline be forme.d,
the reaction proceeds simultaneously on this
and on rosaniline, which had not yet been
attacked ; thus, in a second phase, monophenyl-
ated, diphenylated rosaniline, and rosaniline
(which has not yet been attacked) will be présent
together. To these the triphenylated compound
will presently be added, a very complex mixture
being the resuit. By a very prolonged action
it is possible to eliminate rosaniline itself and
its monophenylated derivatives completely from
the mixture. But some diphenylrosaniline will
always remain présent. Moreover, ail these
compounds seem to exist in various isomeric
modifications. It is a mixture of these which
forms the ordinary crude or opal blue.

If, instead of pararosaniline, the ordinary
rosaniline of commerce be used for the produc¬
tion of the blue (as is the case in most in¬
stances) the product becomes even more com¬
plicated by the presenee of the homologous
compounds. Some process of séparation must
be resorted to, which splits up the erude product
into fractions of différent sliades and reactions ;
and althougk some of these are crystallised, it
cannot be said with certainty that they represent
chemieally pure individuals.

Mono- and di- phenyl pararosaniline have
hitherto not been prepared in a pure state.
Nothing can, therefore, he said of their properties.

Triphenyl - pararosaniline hydrochloride
C37HS0N3C1 is the purest and brightest blue
known. It is ilow invariably prepared by the
phenylation of pararosaniline, but it may also
be obtained by melting together diphenylamine
with oxalic acid. The formic acid evolved in
the décomposition of oxalic acid serves to link
together three molécules of diphenylamine into
one of triphenyl leuco-aniline, which is then
slowly oxidised into the rosaniline compound.
It was this method which was formerly used for
the production of this blue, which therefore is
still frequently described as diphenylamine blue ;
it is also ealled sometimes methyl blue, because
methyldiphenylamine was sometimes used for
its production. Other names for the same
product are :

Bleu direct, bleu lumière, bleu de Lyon, bleu,
de Mulhouse, bleu de nuit, bleu de Paris, liglit
blue, night blue, Paris blue, Bavarian blue.

This product forms a microcrystalline powder
of a bronzy appearance, completely insoluble in
water, sparingly soluble, with a brilliant blue
colouration, in spirit. Its transformation into
the soluble diphenylamine blues of commerce
will be described hereafter.
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When the same process of phenylation (the
partioularsof which will be given below) is applied
to the ordinary rosaniline of commerce—which
is, as will be remembered, a mixture—various
products are obtained. Of these the following
may be said to have been isolated

Jlonophenyl rosanilines. These are the pro-
duct of a very moderate phenylation. They are
still soluble, in the shape of their acetates, in
water, and dye fine purple shades. They have
now, owing to the greater cheapness of methyl
violets, almost completely disappeared from
the market, in which they formerly played an
important part under the name of reginapurples
or regina violets. It was customary to préparé
them, not by the action of pure aniline on ma¬
genta acetate, but rather by that of the recovered
oils or échappés from the magenta process,
which contained a large proportion of ortho-
toluidine. The action of the latter is slower
than that of aniline ; it is, therefore, easier to stop
the reaction before a considérable proportion of
the diphenylated or ditolylated rosaniline is
formed. The regina purples consisted, therefore,
to a great extent of the ortho-tolylrosaniline,
the acetate of wliich is represented by the fol- '
lowing formula :

O6H4.N<0aHi CH3
c-c6h4.nh2

Diphenylrosanilines. These were invariably
obtained, together with the regina purples, from
which they are distinguished by their complété
insolubility in water. They are, however, still
of a purple shade ; they are invariably présent
to some extent in crude tri-phenylrosaniline
blue, if the latter be prepared with acetic instead
of benzoic acid. This is the reason why sucli
blue is always of a redder shade than the blue
prepared with benzoic acid, in which the pro¬
portion of diphenylated derivatives is reduced
to a minimum. a product which consists
chiefly of diphenylated rosanilines, is known
under the name of spirit purple, spirit violet, or
opal violet-, it lias also been sold as regina
spirit purple. From it the soluble "violets and
purples, and alkaline purples of commerce are
derived by sulplionation.

Triphenylrosanilines. The triphenylated
derivatives of ordinary rosaniline may be sub-
divided into two classes : erystalline and un-
crystallisable blues. The former may be ex-
tracted from every crude blue melt prepared
with benzoic acid. They represent in a state of
approximate purity the triphenylated derivative
of the higher homologue of pararosaniline, and
may therefore be represented by the following
formula :

r h ^ch*
c-Cch4.nh.c0ii5

I \c6h4.nh.Oeh,' i\ci
It is to this product, which forms the base of
the high-class alkaline and water blues of com¬

merce, that we will reserve the name of opal
blue, which has, however, been indiseriminately
applied to a number of various products. This
opal blue forms, in the shape of its pure bydro-
chloride, a mass of distinct, though very small,
glittering crystals of a greenish brass-colour.
It is completely insoluble in water and in spirit.
If it be treated with alcoholic caustic soda, its
free base is obtained in the shape of a tarry
substance from which the acetate may be pre¬
pared by dissolving it in glacial acetic acid,
re-precipitating with water. This acetate is
soluble in spirit, and, though sparingly, also in
water. It was formerly sold and used under the
name of opal blue (5 B for cotton, Gentian Une,
Session blue ; also the names of bleu, lumière,
bleu de nuit (originally used for the para- deriva¬
tive). were oecasionally applied to it. In Germany
it was sold under the name of Feinblau, Sprit-
blau. The latter expression is applied, however,
to ail blues soluble in spirit, not only to this
acetate. Its use has been much restricted of
late, owing to the unwillingness of the dyerto
use spirit in the dye-bath.

The second class of triphenylated derivatives
of ordinary rosaniline, comprises the uncrystal-
lisable proportions of crude blue melts. They
contain a mixture of triphenyl- and diphenyl¬
rosanilines in various proportions, quite in¬
séparable by the means which are at our disposai.
They are (in the shape of hydrochlorides) in¬
soluble in water, soluble in spirit. Caustic soda
transforms them into a mixture of the corre-

sponding bases, which are tarry masses. Their
shade varies from a purplish-blue to a distinct
clearblue of great strength and purity which,
however, always shows a purplish hue if looked
at by artifieiallight. This blue formsthe starting-
point for the production of innumerable brands
and qualifies of alkaline and water blues, varying
in their shade and in the purity and strength of
their colour. They are designated, according to
the redness of shade, by the letters BE R, EB,
E, E, BE, and BBB, whilst 4B, 5B, and 611
may be said to be reserved for the derivatives of
the true opal blue of varying purity. A large
number of fancy names, such as China blue,
marine blue, serge blue, &c., have been invented
for this kind of blues.

Besides these blues a spécial kind of low-
class blue should be mentioned which, under
the name of Blacklcy blue, has enjoyed, and
still enjoys, much favour, especially for dyeing
paper-pulp, but also for the production of cheap
woollen materials. This is the sulplionation
product of a peeuliar kind of phenylated ros¬
aniline, prepared by acting with aniline upon
crude magenta. It is consequently very impure,
but also very cheap. It contains a mixture of
the phenylation products of ail the substances
contained in crude magenta.

Triparatolyl-rosaniline has been prepared by
acting with paratoluidine in the presence ol
benzoic acid upon ordinary rosaniline base. It
is a blue of remarkable beauty and brilliancy of
shade, which offers, however, great résistance
to the process of sulphonation. It has, therefore,
only been manufactured and sold in the shape
of its hydrochloride, soluble in spirit. It is sold
for dyeing cotton under the name of Grilnlichblau
(Hochst) or G B extra opal blue (English manu-
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facturers). It lias much gone out o£ fashion of
late years.

Manufacture of blues. An immense number
of prescriptions for blue melts has been published,
and a larger number still circulâtes amongst
manufacturera. It would be perfeetly useless
to reproduce any or eitber of them. The prin-
ciples upon which they are based may be thus
briefly stated :—

For the production of good blues a good and
perfeetly pure magenta base is the first require-
ment. For its préparation crystallised fuchsine
only should be employed. If crude magenta or
any of the magenta residues (cerise, grenadine,
4c.) be used, the base obtained can only be em¬
ployed for the production of Blackley blues.
Pure pararosaniline, the base prepared from
parafucksine (Neu-fuchsin), should be used for
the production of the so-called diphenylamine
or metkyl-blues (direct blues) ; whilst crystal¬
lised base from ordinary fuchsine forms the
starting-point for ail the ordinary blues from
4E to 6B, as well as for r'egina purples.

The second condition for the production of
good blues is the use of very pure aniline, per¬
feetly free from toluidine. It is in the manu¬
facture of blues that the necessity of operating
with pure aniline iras first felt. The terni
aniline for blue was, therefore, and is still, ap-
plied to perfeetly pure aniline, boiling within one
degree, and liaving a spécifie gravity of T0268-
T0270. Such aniline can only be prepared from
pure crystallisable benzene.

If these two conditions —pure magenta base
and pure aniline—be fulfilled, the shade of the
blue obtained is still dépendent upon

1. The proportions of base and of aniline in
the melt. It may be said that greenish blues
may only be obtained if a very large excess of
aniline be used, whilst reddish blues are pro-
duced in melts rich in magenta base.

2. The time and température of the melt.
The formation of blue begins below 100°C. It
proceeds quickly at a higher température ; 120-
140° may be assumed to be the most favour-
able température. From 140-180° certain im-
pnrities (diphenylamine ?) are formed, which
impair the tendency of crystallisation of the
blue. The température of high-class blue melts
should therefore not be raised above 140°. The
time required by a blue melt dépends upon the
proportion of base to aniline, and, to some extent,
the quantifies operated upon. The proeess pro¬
ceeds quickly in highly-coneentrated melts.
Melts for high-class blues, which contain a large
proportion of aniline, requireprolongedheating—
twentyhours, and even more, before being finished.
As a rule, the progress of the melt is tested by
placing a drop of the melt on filter paper moist-
ened with spirit. The graduai change of colour
may thus be observed with great accuracy.
When the melt is finished, there should be no
reddish rim visible in the spot produced on the
paper.

3. The nature and proportion of the acid
used iu the melt. It has already been said that
organic acids only should be used, the action of
hydrochloric acid being too slow. Acetic and
benzoic acids are now used exclusively. The
action of acetic acid is quicker than that of
benzoic acid, but it seeins impossible to trans-

form ail the rosauiline into its triphenylated
derivative by the use of acetic acid. Benzoic
acid acts more slowly, but it continues its action
until ail the rosaniline is transformed into tri¬
phenylated derivative. At the same time, the
whole of the melt is, even with benzoic acid, not
entirely transformed into crystallisable opal.
Moreover, acetic acid produces (by its simulta-
neous reaction on aniline) some acetanilide,
which remains in the blue and is apt to prevent
its subséquent crystallisation, whilst no benzani-
lide is formed by heating aniline with benzoic
acid. For ail these reasons acetio acid is em¬

ployed in the production of low-class reddish
blues (in eoncentrated melts), whilst benzoic
acid only is used for the production of high-
class opals. The greater part of the benzoic
acid may be recovered from the melt, whilst the
recovery of the acetic acid does not pay.

There is no advantage in using other acids
instead of acetic and benzoic acid. As a rule, it
may be said that the fatty acids (formic, butyric,
valeric acids) act similarly to acetic acid, whilst
the aromatic acids (toluylie, plithalic, cinnamic
acids) may take the place of the benzoic acid.

Upon these conditions ail the prescriptions
for blue melts are based. Taking the quantity
of magenta base to be operated upon as a unit,
the quantity of aniline added varies from four to
twenty-five times its weight, the quantity of the
organic acid from to 5. The conditions of
time and température bave already been stated.

The apparatus necessary for blue-making is
very simple as far as the melt is concerned,
enamelled cast-iron pots with a lid and stirrer
being always used. In the early times of the
manufacture of aniline colours it was believed
that blue melts could only be made in glass,
and on a very small scale. In the ' Fuchsine '
factory. at Lyons the blue was therefore manu-
factured in large numbers of glass flasks heated
in a sand-batb. At présent it is believed that
blue melts are best under control in large quan¬
tités ; large melting-pots are therefore used as a
rule. Whilst the melt is in progress ammonia
is given oiï, which carries a certain amount of
aniline away. It is advisable to condense this
aniline, and to absorb the ammonia by water or
sulphuric acid.

When the melt is finished it must be worked
up. This may be done by a variety of différent
methods. Of these the simplest—which is, as a
rule, resorted to in the manufacture of low-class
and Blackley blues—consists in basifying the
melt with a quantity of caustic soda just suffi -

cient to saturate the acid added to the melt.
The excess of the aniline is then driven off with
steam and recovered. The blue base remains
in the still, and is run out whilst still hot, in
a tarry state, together with the water. On cool-
ing, it solidifies into a very brittle mass, which
may be powdered, dried, and subjectedto the pro¬
eess of sulphonation to be described hereafter.

For the production of high-class blues this
simple proeess cannot be adopted. A séparation
of the crystallisable opal from the uncrystallisa-
ble blue, which invariably accompanies it, must
take place, and for this séparation the melt re-
quires a spécial treatment. For this there are
two distinct proeesses, of which one is very
complété, though costly, because it requires
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large quantities of spirit. We may oall it the
English process, because it was worked and
carried out cliiefly in English factories, The
other proeess, which is now used in most of the
German works, is very rapid, and requires but
little spirit. On the other hand, it does not give
so pure a product ; we may call it the German
process.

Tlie English process is the final outeome of
the original French process for working up the
blue melts, which consisted in boiling them out
with dilute hydroehloric acid. The aniline was
dissolved out together with the organie acid
présent, whilst the blue remained in the shape
of its hydrochloride as a fine blue precipitate,
which was filtered off and washed. It was then
ready for sulphonation. When it was discovered
that this blue was a mixture of différent colour-
ing matters it became customary to separate
these by boiling the crude blue with spirit. This
dissolved out the lower-class blues, leaving a
better product as a residue. By repeating this
process frequently, a residue was obtained at
last which was quite insoluble in spirit. This
represented the purest opal blue obtainable. It
was by this tedious process that the once famous
' Bleu Mavi,' or ' Bleu MAVI ' was obtained in
France and Switzerland. The improved Eng¬
lish process much simplified things, and at the
same time gave better yields and a purer colour
by producing the opal blue in a crystallised
condition, in which it is totally insoluble in
spirit. This process consisted in adding to the
melt (prepared with benzoic acid and a large
exeess of aniline), when still hot, a certain quan-
tity of aniline hydrochloride ; on cooling, the
opal blue, being gradually converted into the
hydrochloride-, settled out in small glistening
crystals, whilst the low-class blue remained
dissolved in the aniline. The opal was then
filtered off, and washed with spirit until quite
pure. If necessary, it could be re-converted into
base by a treatment with alcoholic caustic soda.
The base, re-dissolved in aniline, could again be
converted into hydrochloride by again adding
aniline hydrochloride. The opal then came out
in very fine crystals, which represented the
blue in a state of greatest purity. The aniline
liquors obtained from these crystallisations had
to be distilled in order to recover the spirit.
They were then basified in order to décomposé
the aniline hydrochloride présent, the aniline
was driven off by steam, and the remaining low-
class blue obtained in the shape of base as
deseribed. Owing to the large quantities of
spirit used for washing the crystallised opal, and
the conséquent loss of spirit by evaporation,
this élégant process (which may be reeom-
mended for laboitotory experiments) was costly,
and unable to compete with the rapid and
cheap German process now to be deseribed.

The German process is based upon the fact
that the crystallisable blue opal is insoluble in a
very hot solution of aniline hydrochloride, whilst
the common non-crystallisable blues are soluble
in this liquid. The solution of the aniline sait
must, however, be so eoneentrated (in order to
act properly) that it would solidify into a mass
of crystals if cooled in the least degree. It is
rather fused aniline hydrochloride that is re-
quired, and not an actual solution of tlie sait in

water. In order to operate properly with such
liquids, closed vessels must be used. The follow-
ing is the principle upon which the plant in the
majorityof German works is constructed.

Near the melting-pot a battery of closed iron
vessels, lined with lead, is erected. The
first of these is filled with a quantity of
hydroehloric acid, just suffieient to neutralise
the aniline contained in the blue melt. The
melt, when finished, is introduced into this
vessel by means of air pressure. The vessel is
fitted with a stirrer, which stirs up the mixture
into ahomogeneous mass. This is thenpressed
into a second vessel, which contains some filter-
ing arrangement, upon which the blue crystals
are deposited. The liquid which issues from
this vessel is diluted with water, when the com¬
mon blue hitherto dissolved in it is quickly
deposited. The blue crystals remaining on the
filter are washed with water, and may be purified
by boiling them with spirit.

Blues soluble in water. Very little of the
blue that is manufaetured is used in the opal
state, viz. soluble in spirit. By far the largest
proportion of it must be transformed into pro¬
duct soluble in water in order to become a

marketable article. For this purpose sulphona¬
tion is resorted to.

The sulphonation of triphenylrosaniline
takes place very easily, the phenyl radicles
attached to the amido- groups being readily sub-
stituted by the sulpho- group SO:,H. As there
are three of these phenyl radicles présent, three
sulpho- groups may be introduced into the molé¬
cule of the blue. The pure, crystallisable, high-
class opal blue is more easily sulphonated than
the common blues. The sulphonation takes
place in progressive stages, one sulpho-group
being introduced after the other. It is difficult
to introduce more than two sulpho- groups by
the use of ordinary sulphuric acid. Fuming
oil of vitriol must be resorted to in order to pro¬
duce the trisulpho- derivative. As this, however,
is hardly ever required, being much too soluble
for the purposes of the dyer, common sulphuric
acid is invariably used, but the ' extra-strong '
quality is as a rule preferred.

If this acid be allowed to act upon an aniline
blue, the reaction begins at about 30°C. and
results at first in the formation of the mono-

sulpho- derivative. The following are its pro-
perties :

In the free state triphenyl rosaniline mono-
sulphonic acid forms blue flakes, which are
quite insoluble in water, in a solution of sodium
bicarbonate, and even in weak ammonia. Sodic
carbonate dissolves it on boiling ; caustic soda
in the cold. The solutions are perfectly colour-
less. They contain, in fact, the sodium sait of
monosulphotriphenyltriamidocarbinol:

c6h,n<°«h*
HO—C—C6HrN<^HlS0;îNa

The dry sodium sait is jet black.
This compound has the curious property of

combining with wool in an alkaline bath. The
I wool remains colourless, but after being washed
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with water it becomes brilliantly blue if im-
mersed in weak sulphuric acid.

This curious property, diseovered by Nichol-
son, has been made use of by wool dyers, who
prefer tke 1 alkaline ' or ' Nicholson ' blues to
ail others for tbe production of bright and bril-
liant blues.

Tbe alkaline blues originally manufactured
by Nicholson and otlier makers were as nearly
as possible the pure sodium salts of tbe mono-
sulpho- derivatiye. Owing to the difficulty of
dissolving tbem eveu in boiling water, another
lcind of alkaline blues bas been produced during
tbe last ten or fifteen years ; these new alkaline
blues contain a proportion of the disulpho- deri-
vative. They form blue powders, easily soluble
in water, giving a solution which is distinctly
blue. The use of these new alkaline blues is
exaetly similar to that of the old quality.

If the sulphonation of the opal blue be carried
farther byraising the température and allowing
the reaction to continue for a longer period, the
monosulpho- acid gradually disappears and is
replaced by the disulpho- derivative. This is
insoluble in weak sulphuric acid, but rather
soluble in pure water, with an intensely blue
colouration. Its sodium sait forms bright
coppery masses soluble in water with a blue
colouration. This sait contains probably the
compound represented by the following for¬
mula:

/cAXciÏÏ5
0—C,H4.N<^h<.SOsNa.

C«H^<CaHrSO;1
The disulpho- derivatives of the various

classes of triphenyl-rosanilines are known under
the names of cotton blue, water blue, china blue,
mvy blue, Guemscy blue,and many others, which
are again sub-divided by the use of the letters
E and B. Thus a 6B cotton blue is the disulpho-
acid of a very high-class, crystallisable opal
blue, whilst a 4R Guernsey or navy blue would
be a reddish-tinted blue, manufactured from an

opal prepared with acetic acid and a small
excess of aniline in the melt.

The practieal process of sulphonation, though
very simple, requires great care and attention
on the part of the manufacturer. The sulpho¬
nation is carried on in cast-iron pots into which
the necessary quantity of sulphuric acid is
introduced. The opal blue, which should be
finely powdered and perfectly dry, is then
stirred in, and the température should be raised
gradually. Samples should be drawn from time
to time, and the precipitate produced by the
addition of water must be examined as to its
solubility in water, weak ammonia, sodic car¬
bonate, and caustic soda. When the desired
degree of solubility is obtained, the liquid is
poured into water, and the blues filtered off aud
carefully washed. When quite free from acid,
they are dissolved in the quantity of caustic
soda necessary ; the solution is then filtered, and
eraporated to dryness in jacketed pans. Cotton
blues should be freed from the excess of sul¬
phuric acid by the addition of slaked lime.
The solution of the calcium sait is filtered and

converted into the sodium sait by double décom¬
position with sodic carbonate. After another
filtration, the solution of the blue is evaporated
to dryness. Certain artifices are required to
produce porous masses,such as the brandknown
as china blue, which is manufactured for export,
and required to possess a given bulk for a given
weight.

On the whole, the manufacture of aniline
blues, though simple in its principles, may be
said to be one of extreme difficulty, requiring
more care, attention, and skill than almost any
other braneh of the industry of artificial eolour-
ing matters.

Appendix to basic triphenylmcthane colour-
ing matters.

Auramine. This dye-stuff, though a deriva¬
tive of diphenylmethane, is so closely connected
with the manufacture of crystallisable violet,
that it cannot be omitted from this sketch. ,

It has been shown that crystal violet, aswell
as Victoria blue and other dye-stuffs, are manu¬
factured from dimethyl and diethyl diamido-
benzophenone. Now, if these ketones be heated
with ammonium chloride in the presence of
zinc chloride, an interesting reaction takes
place at the température of 150-160°C. The
oxygen of the ketone is replaced by the imido-
group NH, thus :

W/CH3 n/CH3
|\ch3 |\ch3
C3N4 c8H4

I I
CO + NH, = H20 + C = NH

C6H4

ij/CH,
\CH,

c6h,

The ketimides thus obtained are yellow
colouring matters, and have received the name
of auramines. The auramine of commerce is
the monohydrochloride of tetramethyl diamido-
benzoketimide, containing one molecule of
water of crystallisation :

C17H21N,.HC1 + H,0.
It forms a yellow powder easily soluble in water.
It is exclusively used for dyeing and printing on
cotton.

Substituted auramines may be obtained by
using the hydrochlorides of primary bases in-
stead of sal-ammoniac. Thus a phenylated
auramine of orange colour may be produced by
acting with aniline hydrochloride upon tetra¬
methyl diamidobenzophenone.

The auramines were diseovered by Caro and
Kern in 1884. They form the subject of tbe
Eng. Pats. 5512, 1884, and 5741, 1884, and
the Germ. Pats. No. 29060 and 31936.

II. The Aueine Gkoup.
The characteristic différence of this group

from the preceding one has already been dis-
cussed. It is sufficient to reproduee the typical
formula given for the members of this group :

X—RW /R11Xli v /±l

/C\ 1X—XQ
from which it will be seen -that they invariably
contain oxygen.
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The generic relation between the fuchsine
and the aurine groupe will be best seen by show-
ing how the typical représentative of the former,
parafuchsine, may be transformed into the
first représentative of the aurine group, aurine
itself.

We know tliat parafuchsine, if treated with
an excess of acid, is transformed into the triaeid
sait of triamidotriphenylcarbinol :

/c„h(nh2
cf-geh4nh2 + 2hc1 + h.,0 =

i \cbh4nh:hci

/CjHJ.NHJ.HCI
HO — C^-C6H,,.NH„.HC1

\C6H4.NH2.HC1
Now this sait, if treated with nitrous acid, is

transformed into the corresponding diazo-
compound

/CSHJ.NH,.HC1
HO—C6H4.NH2".HC1 + 3NaN02 + 3HC1 =

\CeH4.NH2.HCl
/06H4.N2.C1

3NaCl + 6H20 + HO—C(-G6H4.N„.C1
\CsH4.N2.C1

This, on being boiled with water, loses
nitrogen and is transformed into trioxy-tri-
phenylcarbinol

/C«H4.N2.C1
HO—C^-C6H,.N2.C1 + 3H„0 = 3N„ + 3HC1

\c6h4.n2.ci
vC6H4.OH

+ HO—Cf-CsH4.OH
\c6h4.oh

The latter loses, in statu nascendi, one
molecule of water, being transformed into its
irmer anhydride, aurine :

/C„H1.OH /C6H,OH
HO—C^—C6H4.OH = H.,0 + Cf-C6H4OH

\ceH4.OH ' | \C6H4—0
Thus aurine is parafuchsine in which ail

nitrogen has been repiaced by oxygen.
This mode of formation has long beenknown,

not for aurine itself, but for its lrigher homo¬
logue, rosolie acid, which wasprepared from the
ordinary fuchsine or magenta by the process
described. The many co-ordinate points of
aurine and rosolie acid have been reeognised at
an early period. On the other hand, chemists
were aware of the distinct différence between
aurine and rosolie acid, which is just as con¬
sidérable as that existing between parafuchsine
and its higher homologue.

When an insight into the nature of the
fuchsine group had been obtained, the know-
ledge of the constitution of the aurine group
followed as a natural conséquence.

But even before this was the case, another
connection was discovered between aurine and
fuchsine.

It had long been known that aurine (the
mode of formation of which will be given later
on) may be modified by heating it with alcoholic
ammonia. P. Persoz produced a red dye-stuff,

which he called pœonine, by this process. This
was, in ail probability, aurine imide ;

/c„h4.oh
c(-C„h4.oh
i \csh4.nh

In 1878, Dale and Schorlemmer, whose re-
searches on aurine are of great importance,
showed that aurine, by very prolonged heating
with alcoholic ammonia, may be transformed
into pararosaniline

/C6H4.OH /06H,.NH2
C^-C„H4.0H + 3NH3 = C^-C„H4.NH, + 2H..0.

I \C0H4O / \C6H4.NH2"
[ | HO

Thus the connection of the two typical dye-stuffs
was deânitely established. At présent we know
that the aurine group contains the acid counter-
parts to the basic members of the fuchsine group.
An immense number of tliem is known and
described in chemical literature. As, liowever,
almost ail of them are of no practical value
whatever, it would be useless to enumerate them
in this article. We will therefore describe only
those substances of the aurine group which are
of some practical interest. There are very few
of them.

1. Aurine C1sH1403. The discovery of this
substance, or one very nearly related to it, dates
as far back as 1834, when F. Bunge, the pioneer
of the chemistry of coal-tar, observed that crude
carbolic acid (containing cresol) was transformed
into an acid red dye-stuff by oxidation. Later
on (1859), Kolbe and Schmitt and T. Persoz
simultaneously observed that pure phénol, when
heated with oxalic acid, or with oxalic acid and
sulphuric aeid, was transformed into a similar
red substance. The manufacture of the new

dye-stuff was first taken up in Lyons by the firm
Guinon and Marnas. Later on, it was carried
out on a large scale by C. Calvert and by C.
Lowe ; also by Boberts, Dale, & Co., iu Man¬
chester. The crude aurine thus obtained is a

non-crystallisable, brittle, pitchy mass, of a
brilliant green metallic aspect, insoluble in
water, but soluble in caustic soda solution, with
a magnificent red colouration. It dyes silk and
wool from an acid bath, producing an orange
shade on these fibres. It was mucli used on

silk in former days, but its use has been aban-
doned since the introduction of the azo- colouring
matters, which produce brighter and faster
shades.

The researches of Dale and Schorlemmer,
Zulkowski, and others have shown that common
aurine consists of a mixture of a number of sub¬
stances which, in a pure state, are well crystal-
lised. Of these, aurine itself 0]9H1403, oxyaurine
ClaH1606, methylaurine C20Hl6O3, and pseudo-
rosolie acid G20H]bO4, may here be mentioned.
AU these substances are produced by the action
of nascent formic acid (generated from the oxalic
acid) upon phénol. This mode of formation of
aurine itself may be represented by the following
équation :

/II /C6H4.OH
3CH.0H + C=0 + 0=C^-CsH4.0H +3E.0.

\vtx |\CfiH4.0
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A large number of other reactions bave been
observée! in which aurine is formed to a greater
or lesser extent. Thus, for instance, it is ob-
tained by acting with formic aldebyde, with
iodoform, vith chloroform, and caustic potasli
on phénol. These reactions bave never attracted
the attention of manufacturers, aurine having
lost its practical intefest.

The sodium sait of crude aurine is known in
commerce under tbe name of yellow coralline.

2. Pœonine, coralline red, aurine red is the
sodium sait of the reaction produet of alcoholie
ammonia upon aurine, which bas already been
mentioned, and which is, in our opinion, aurine
imide:

/C6H4.OH
CfC0H.,.OHi\c6h4.nh

I I
3. Azuliile is a similar produet, of a dirty

violet shade, obtained by heating aurine with
aniline. It is probably phenylated aurine
imide:

CfC8II1.OH
l\CaH4N-C6H5

4. Rosolic acid is tbe name which was

originally given by Eunge to the oxidation pro¬
duet of crude carbolic acid. For a long time it
was considered synonymous with aurine. At
présent it is reserved for the produet obtained
fiom the ordinary fuchsine of commerce by the
diazotising process. It forms magnificent blue
needles, which, being honiologous to true aurine,
liave the composition C20HlsO3 :

xsn,
/C6H3<oh

cfc.ft.OH
|\CeH40I I

It dyes silk and wool orange shades, simi¬
lar to those obtained with aurine. It is of no

practical interest.
5. Chrome violet CjftftNa., is the only

member of the aurine group which is of con¬
sidérable practical value. It is the sodium sait
of aurine-tricarbonic acid :

/CftOH.COONa
CfCftOH.COONa
iXCftO.COONa
! i

It was discovered in 1889 by Sandmeyer, and
patented (Germ. Pat. 49970, J. R. Geigy). It
is prepared by acting with formic aldehyde, or
with a mixture of methylic alcohol and sodic
nitrite, upon a solution of salicylic acid in
sulphuric acid. The carboxyl groups are in
ortho- position to the hydroxyl groups. The
resuit of this arrangement is that the dye-stuff
combines readily with metallic mordants of the
iron group, and especially with chrome mordant,
producing violet shades of considérable fastness
on cotton. It is chiefly used for printing on
cotton.

The process patented for the production of
chrome violet is interesting, because it forms a
général and excellent synthetical method for the
production of aurines. It is strictly analogous

to the new synthetical method adopted for the
production of ' Neu-fuchsin ' by the ' Farbwerke '
of Hûchst. Two stages may be distinguished in
the process:

(a) In the first stage, formic aldehyde (or
methylal) acts upon two molécules of the
phénol—in the case of chrome violet, salicylic
acid—forming the diphenylmethane derivative
(methenyl salicylic acid) :

0H fH^cooH
2c6H4<pyntt + ch,0 = ch/ + ftO"

">„/cooh
''\oh

This reaction may be facilitated by the addi¬
tion of condensing agents, such as hydrochlorie
acid and others.

(b) In the second stage, the diphenylmethane
derivative is simultaneously condensed and oxi-
dised with another molécule of the phénol into
the corresponding aurine by the mixture of
sulphuric acid and sodie nitrite :

r ttl^r^cooH
OH/ + Cft4<g°OH+0\

-r ^COOH XU1±
6 r<.QH

C»H4<CO0H
=h2o + c-c6h4<ohoh

/-f tt /COOH
OftftQ

I
Any phénol, or substitution produet of a phénol,
may be substituted for the salicylic acid in this
process.

Quite recently, N. Caro (B. 25, 940) prepared
a large number of carboxylated aurines by this
process, substituting resorcylic, gallic, and ere-
sotinic acid for the salicylic acid in the patented
process. The compounds obtained proved to be
very similar to chrome violet.

6. Of the large number of aurines prepared,
only one more need be mentioned in this
sketch : pittakal, a curious substance discovered
in 1835 by Beichenbach in certain portions of
beech-wood tar. Liebermann more closely in-
vestigated thi3 substance, and gave to it the
name of eupittonic acid (B. 1876, 9, 334 ; 1878,
11, 1104). Hofmann determined its constitution
(B. 1878, 11, 1455; 1879, 12, 1371, 2261).

Pittakal is hexamethoxyl aurine :

/Cft2(OCH3)2OH
CfC6H2(OCH3)„OH

| \C6H2(OCH3)2.0
formed by the simultaneous oxidation of di-
methylpyrogallol :

/OH 1
CftfOCft 2

\OCH3 3
and dimethy] methylpyrogallol ;

/Cft 1/OH 3
4
5

which are both contained in wood tar. The
methyl group of the second compound yields the

cl.h,
V°CH,\0CH
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central carbon atom, the sarae as cresol did in the
formation of the rosolic acid observed by Eunge.

Pittakal is an orange substance, crystallising
in beautiful crystals when pure. Its solution in
caustic alkalis is of a beautiful blue colour.

By heating pittakal with ammonia, Grâtzel
obtained a violet colouring matter, which proved
of no practieal value.

III. The Phthaleixe Gkoup.
The phthaleines were discovered by Baeyer

in his mémorable researches on the condensa¬
tion of phthalic acid with aromatie hydrocarbons
and phénols. Tlieir constitution was, however,
at first misunderstood. In 1880, when the curious
properties of phthalic anhydride became more
definitely known, the error was corrected and
the phthaleins were recognised as congeners of
the triphenylmethane group.

It is a well-known fact that every ortliodiear-
bonic acid is capable of forming, by losing the
elerdents of water, an inner anhydride. These
anhydrides act very easily on phénols, in some
cases without the addition of condensing agents.
Water is again eliminated, and a dye-stuiï formed
in every instance. Of the many colouring
matters thus obtained, those prepared from
phthalic anhydride only bave, with one excep¬
tion, become of général and practieal interest,
and these will here be described.

It has already been shown that the typical
formula of the phthaleines is

X—Bn\ /Bn\
>C< >C = 0X—SP-/ \ 0 /

in whichX stands for a salt-forming group, which
may be either OH or NH„, or NH2 substituted
by organic radicles.

The central carbon is yielded by one of the
earbonyl groups of the anhydride of an orthodi-
carbonic acid. If we restrict our considération
to phthalic anhydride, the formula may thus be
moditied ;

/_\

X-R\ V/>0< /0=0X—E"/ Vj'
phthalic acid being phenylene-orthodicarbonie
acid.

Phthalic anhydride, though perfectly sym-
metrical in its constitution

acts, in condensations, like an asymetrical com-
pound, only one of the earbonyl groups being
attacked and losing-its oxygen. Thus, by being
condensed with two molécules of benzene it
yields diphenyl phthalide or phthalophenone :

aA°
0I

/\c/
/\
/\ A

\/ \/

which is the parent substance of ail lit
phthaleins, just as triphenylmethane is Ht
parent substance of the fuchsine and auri»
groups. Diphenyl phthalide, however, is but the
inner anhydride of triphenylcarbinolorthocar-
bonic acid :

HO-C
I _/

COOH

\/
hence the near relation between the phthaleine,
fuchsine, and aurine groups.

It will be seen that in diphenylphthaliè
the link between the central carbon and ont il
the phenyl groups, which we have shown to te
necessary for the formation of dye-stuffs, erisls
already, whilst in triphenylmethane it does noi
exist. Thus diphenylphthalideis afineckromogti
requiring only the entrance of salt-fornà;
groups in order to give rise to colouring matter-.
The simplest coloured derivatives of diphenyl-
phthalide are diamidophthalophenone and dioiy-
phthalophenone. The former of these has tel
obtained by Baeyer in reducing the dinitio-
derivative of diphenylphthalide. It is (lit
rosaniline) faintly coloured in the free state, bit
it dissolves, with a bright violet shade, in wal
aeids.

Dioxyphthalophenone is generally known to
chemists under the name of phenolphthalein.

1. Phenolphthalein CmH1404 was discovered
by Baeyer in 1871 (B. 1871, 4,658). Its constitu¬
tion is

/C6H,on
\c„h4co

o

I

It is easily prepared by heating phthalic anhy-
dride with phénol in the presence of sulphnrii
acid or stannic chloride. It forms pale-yellow
crystals, which dissolve with a fine red colour il
caustic alkalis. Its only use is that of an M-
cator for alkalimetric purposes.

2. Tetranitrophenolplithalein C^HuN^ubis
been proposed as an orange colouring matter
for wool. Its sodium sait C20HsN4012Na; is
sold as an orange powder under the nameol
aurotine. It was discovered by C. Dreyfus, H.
Bull, and T. Hall, and patented in Englaii
under No. 3441 (1889), in Germany under the
No. 52211. In a pure state free tetranitro-
phenolphthalein forms orange crystals, melting
at 344°.

It has long been known that phenolpkthalein
is not a good dye. The same applies to ail the
ordinary typical phthaleins. Phthalophenoie
(diphenylphthalide) is but a poor chromogen,
but its properties are at once improved (as has
already been shown above) if the two phenyl-
radicles in its molecule be linked together b;
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another group, preferably oxygen. We thus corne
to another ehromogen :

o<V% = O
xk

which hy the introduction of salt-forming groups
gives rise to some of the most beautiful dye-
stufls ever diseovered. As in ail cases, the
salt-forming groups introdueed may be either
the OH, hydroxyl or the NIA amido- group ; and
in the latter hydrogen may be replace! by
organic radicles. We thus get phthalein colour-
ing matters of either phenolic (acid) or amidic
(basie) character. For a long time the former
aloue were known ; we will, therefore, con-
sider them first.

A. Acid phthalein dye-stuffs.
The prototype of these is-
1. Fluorescein C20H]2O5.

stance is formed most easily if phthalic anhy¬
dride and resorcin be mixed in molecular pro¬
portions and heated to 190°. In the factories
this opération is carried out in enamelled cast-
iron pots, heated in an oil bath. The ingrédients
melt, and large quantities of steam are given off.
ffhen the reaction is finished the mass solidifies
into a cake of dark-brown colour, which con-
sists of almost pure fluoresceine.

In this reaction two molécules of resorcin
combine with one of phthalic anhydride. At the
same time they interact upon one another, los-
iag one molecule of water, and forming an anhy¬
dride :

/\-OH

\0H
yOH

/\/V
1,1.0+
\/\c^o

1 moL phthalic anhydride.

\/~0H
2 mol. resorcinol.

A /\ OH

I G
= 2H20 + 0 = C

V
0

I
0

1
/\

OH
Fluoresceine.

Pure fluorescein is a brick-red crystalline
powder, quite insoluble in water, sparingly so in
the majority of other solvents. In caustic alkalis
and in ammonia it dissolves with a brown colour.
The solutions have, especially when dilute, a
most brilliant and beautiful green fluorescence.
Hence the name of the substance.

The crude fluorescein obtained in the manu¬

facture, as above described, seems to contain two
modifications of the substance (which may be
isomerides). By treating the crude cake with
boiling spirit, a certain amount of a soluble, non-
crystallisable fluorescein is extracted, whilst
the greater proportion of it remains undissolved,

Von. III,-T

and is obtained as a crystalline residue on
filtering. This process of purification is invari-
ably used in the manufacture of the dye-stuft'.
Both the soluble and the insoluble part are
worked up in the manner to be described here-
after, the insoluble fluorescein giving the better
and purer qualities of the dye-stuffs, whilst the
low-elass qualities are made from the soluble
fluorescein obtained by evaporating the alcoholic
extract.

A small quantity of the fluorescein manu-
factured is transformed into its sodium sait

C20H10O5Na2,
which is sold, under the name uranine, in the
shape of a yellow powder, very soluble in water.
It is used for clyeing pale yellows on silk.

If henzylic chloride and some snlphuric aeid
be addecl to the fluorescein melt a substance is
obtained which is supposed to be benzyl-fluor-
esoein :

,CeH2<C|cAS
/°

,\r G /OHl«h<ch2.o6:
I-c6h4co

I
0

,H„

Its sodium sait is sold as a yellow dye-stuiï
under the name chrysolin. This substance,
diseovered by Beverdin in 1877, is not of much
practical importance.

By far the greater part of the fluorescein
pr-oduced is transformed into very beautiful red
colouring matters by the introduction of halogen
atoms into its molecule. The dye-stuffs so pre-
pared are known by the generie name of eosines.

If fluorescein be treated by substituting re¬
agents, it is generally observed that four atoms
of hydrogen are replaced by other groups.
Further investigations have shown that this
substitution takes place in the phenyl radicles,
which entered the fluorescein in the shape of
resorcinol, whilst the phenyl radicle derived from
the phthalic anhydride is never attacked by these
reagents.

The most important of the dye-stuffs so pre-
pared is

2. Eosin C20HsO3Br4K2, the potassium sait
of tetrabromofluoreseein. The sodium sait is
also occasionally met with, but it does not crys-
tallise so well. The constitutional formula of
eosin is :

/C<^H
C >0

-C6H'4C0
I
0

Eosin is prepared by acting with four molécules
of bromine (Br2) upon one molecule of fluor¬
escein. The crystallisable modification of the
latter is used for the production of a good pro-
duct. On the small soale a solution of the
fluorescein in glacial acetic acid is prepared,
and the bromine introdueed gradually.

For manufacturing purposes glacial acetic
acid is too expensive. The following process
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may be used instead, which admits of operating
in aqueous solutions.

The bromine is dissolved in exactly the neces¬
sary quantity of caustic soda, and the solution is
evaporated to dryness. The resulting sait consists
of a mixture of sodium bromide and sodic brom-
ate. It is dissolved in water and mixed with a

solutionof the theoretical quantity of fluorescein
in caustic soda. The mixture is then acidified
with hydrochloric acid. The bromine generated
aets at once upon the fluorescein, and the pre-
cipitate obtained is eosin, whieh need only be
dissolved in a solution of potassium carbonate
and evaporated to crystallisation.

The quantity of bromine used may be reduced
to half (two molécules or four atoms) by using
a mixture of potassic bromide and potassic or
sodic chlorate, instead of the sait obtained by
evaporating the solution of bromine in caustic
soda.

This proeess, though cheap and simple, is
not generally used, because the bromiDe is found
to act too energetically. A certain amount of the
eosin is destroyed, and the remainder is not so
brilliant in colour as it might be.

The bromination proceeds much better in an
alcoholic solution ; alcohol is, therefore, fre-
quently used for the purpose in the manufacture
of eosin. The fluorescein is finely ground, and
suspended in strong spirit. The necessary
quantity of bromine is added. The bromination
takes place slowly and gradually, and an excel¬
lent product is obtained. The spirit is reeovered
by distillation.

In order to reduce the bromine in this as

in the aqueous proeess to two instead of four
molécules, the addition of a chlorate is necessary.
But a chlorate must be used which is soluble in
spirit. Cupric chlorate is preferred to any other.
It is prepared by mixing eoncentrated aqueous
solution of sodic chlorate and cupric chloride
or sulphate. The solution obtained is added to
the opération in progress.

Eosin forms either a dark-brown powder, or
dark-brown crystals with a green metallic lustre.
The potassium sait may also be obtained in
flesh-coloured crystals by re-crystallisation from
spirit. These crystals contain alcohol of
crystallisation. According to strength and
purity of shade, the commercial eosines are dis-
tinguished by certain letters and additions, such
as ' eosin B,' 1 A,' ' GGF,' ' DH,' ' extra,' ' extra¬
fine,' ' soluble,' and others. AU these brands
dissolve easily in water, with a scarlet coloura-
tion. Dilute solutions show a marked greenish
fluorescence.

Eosin is used for dyeing silk and other
fibres, also for staining paper, and for preparing
red inks of a very fine scarlet colour. Large
quantities are used for the latter purpose.
Eosine-is not a fast colour, but its brilliancy of
shade seeures a ready sale for the large quanti¬
ties produced.

3. Eosin soluble in spirit or erythrin
(Primrose, methyl-eosin). These names are
applied to certain products, which are produced
by boiling eosine, dissolved in spirit, with caustic
soda and methylic iodide, or ethylic bromide.
One of the hydroxyl groups is thus alkylated.
The sodium salts thus obtained form glistening
crystals, insoluble in water but soluble in spirit.

Small quantities of this substance are prepared
and used as an addition to the vermilion used
in cotton printing, in order to increase tlie bril¬
liancy of its shade. Spirit eosin was formerly
also used for silk dyeing, but for this purpose it
has been replaced by the bluish eosines soluble
in water, to be described later on.

If both the hydroxyl groups of eosin are to
be alkylated, this can only be effeeted by acting
with alkylic iodide or bromide upon the silver
sait of eosine. The dialkyl-ethers thus obtained
are colourless.

4. Eosin scarlet (Eosin B, BN, BW,
scarlet, J, JJ, V, de.). Sodium sait of dinitro-
dibromofluoresceine C20H6N2O9Br2Na2.

If fluorescein be treated with nitric acid,
dinitrofluorescein is obtained, which has found
no application as a colouring matter. But by
subséquent bromination it yields a brilliant
scarlet. The same product (or an isomende
very similar to it) may be prepared by first
brominating the fluorescein and then treating
it with nitric acid.

This dye-stuff was hailed with enthusiasm
when it made its appearance in 1875, but its
use was soon much restricted by the introduc¬
tion of the scarlet azo- dyes, which are quite
as brilliant, but at the same time faster,
cheaper, and more easy in their application.

5. Erythrosin (Bluish Eosin, Biantlim
Primrose soluble, Pyrosin B, and other
names).

This is the sodium sait of tetraiodofluor-
escein C20HBO5I4Na2. The potassium sait is also
met with occasionally. It is prepared by iodis-
ing fluorescein with iodine and oxidising agents,
such as mercuric oxide, iodic acid, cupric chlor¬
ide, <fcc. It may also be prepared by introduit-
ing iodo-chlorine into an alcoholic suspension of
fluoresceine.

Erythrosin dissolves in water, with a fine
red colour, and very slight fluorescence. It dyes
silk in shades which are much bluer than those
obtained with eosine.

Erythrosin was introduced into the marhet
in 1876 by Bindsehedler and Busch. It was
well received by the silk dyers. Owing to the
high price of iodine, a mixture of eosine and
Bengal red is now used for producing the same
shades.

There is one application, however, for which
pure erythrosine is still used—for producing
orthochromatic dry plates for photographie pur-
poses. As a sensitiser of silver bromide, ery¬
throsin holds the first place of ail colouring
matters tried hitherto.

Di-iodofluorescein was sold and used for a

very short time as an orange dye-stuff, under the
name 'pyrosine J.'

6. Phloxin (Potassium sait of dichloro- or
tetrachloro- tetrabromofluoresceine).

This colouring matter, diseovered in 187C by
Nôlting, together with the following ones,
formed a new departure in the manufacture of
the eosin dyes. The charaeteristic feature of
these substances is the fact that they contain
halogen atoms, substituted for hydrogen, not
only in the resorcinol groups, but also in the
phenyl group derived from the phthalic anhydride.
Now, it has already beensaid that a substitution
of this kind cannot be effeeted in ready-made
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fluoresceine. To préparé phloxin, therefore, or
any of its congeners, a spécial fluoreseeinmust be
used, prepared not with ordinary phthalic anhy¬
dride, but with the anhydrides of dichloro- or
tetrachloro- phthalic acid. Both of these give
colouring matters of ,very similar shades, the
tetrachloro- derivatives being but very little bluer
than the dichloro- derivative. The process of
manufacture is identical with that described for
eosin. The constitutional formula of phloxine
is:

xBr2
,C6H^OK/ Vy°

c—C6H^-OK
s Br8

\c6H2^c12
>CO

CY

Commercial phloxine is a red powder, soluhle
in water, with a red colour and no fluorescence.
It dyes beautiful bluish-red shades on silk, which
resemble those obtained with erythrosine.

7. Cyanosin is the monomethylic ether of
phloxin. It is soluble in spirit, and dyes shades
still bluer than phloxin.

8. Bengal red (Rose Bengale N)
CMH4C18I40SK2

is the iodo- derivative of this sériés. It is the
bluest eosin dye-stuff obtained. It is very ex¬
pensive, and was formerly used in large quan-
tities to produce the most brilliant bluish-reds
on silk. It has now, to a great extent, been
replaced by the rhodamines. Its methylie
ether, soluble in spirit, received the name of
cyanosin B. Its application never became im¬
portant.

The phthalein derivatives of resorcinol are
ail very brilliant dyes. There are, however,
some other acidphthaleines which, though impor¬
tant as colouring matters, are of much more
sober hues. They are derivatives of pyrogallol.

9. Gallein C20HI0O,. If phthalic anhydride
be condensed with pyrogallol, the reaction takes
place quite as easily as with resorcinol. But
the product obtained is not, as might be ex-
pected, a dioxyfluoresceine. Not only two
hydroxyl groups interact upon each other, as
was the case with fluoresceine, but four of them.
Thusthetwo phenolic radieles arelinkedtogether
by two oxygen atoms. The constitutional
formula generally adopted for gallein is

C6H2.OH
o ";o

C—C„H2.OH
\C8H4.CO

-0
It is, however, likely that subséquent researches
mil show that this formula must be modified.

For the manufacture of gallein it is not
necessary to préparé pure pyrogallol. Gallic
acid may be used instead, which, losing carbonic
anhydride, is at once transformée! into gallein
by the action of the phthalic anhydride.

Gallein is generally sold in the shape of a
violet paste. It is sparingly soluble in water,
easily soluble in caustic alkalis, with a bright-

blue colouration. It dyes mordanted wool and
cotton. Chrome mordants are used preferably,
and dark-violet shades are obtained.

On aocount of the similarity of the applica¬
tion of gallein to that of alizarin, gallein is
also sold under the name of alizarin violet or

anthracene purple.
10. Cœruleiu (Alizarine green, anthracene

green) C20HBO„. This is one of the most impor¬
tant dye-stulïs for wool and cotton, dyeing a
beautiful and very fast olive green on chrome
mordants. The cotton printer uses it constantly,
both pure and mixed, with other clye-stuffs of the
alizarine family.

It was discovered in 1871 by A. Baeyer, who
obtained it by heating gallein with concentratecl
sulphuric acid to 200°. By the same process it
is now prepared in immense quantities on the
large scale.

Cœrulein forms a black paste, insoluble in
water. It is soluble in caustic alkalis, with a
greenish-blue colouration.

The constitution of cœrulein is not known.
The attempts which have been rnade to eluci-
date it cannot claim to have produced conclusive
evidence.

11. Cœrulein S (soluble cœrulein)

This is the product of the reaction of sodic
bisulphite upon cœrulein ; its manufacture is
carried on by the Badische Aniline and Soda
works of Ludwigshafen. It forms a black
powder, soluble in water, with a brown coloura¬
tion. It is easily decomposed by the addition
of acids or by heat. It is used for the same
purposes as cœrulein, and is very convenient, on
account of its easy solubility. In dyeing with
it, it is, of course, decomposed, the ordinary
cœrulein being deposited on the fibre.

B. Basic phthalein dye-stuffs.
For a long time these were not known. The

manner in which they may be obtained had, of
course, suggested itself to the considération of
chemists, but the substances required for their
synthesis seemed to be quite out of the reach of
the manufacturer. In 1887, however, M. Cere-
sole, of the Badische Anilin- und Soda-Fabrik,
suceessfully effected the synthesis of the first
basic phthalein, which proved to be of such
value that a thorough search for a good means
of preparing the necessary ingrédients w.as made,
which led to complété success.

To obtain the basic substance analogous to
fluoresceine, it is merely necessary to replace
one of the hydroxyl groups of resorcinol by an
amido- group ; or, in other words, to employ
metamidophenol instead of resorcinol :

c^°
c6n4< \o + 2C6h<oh

S)
CSH4NH2
/ \o
/ /°

= 2H..0 + C-C„H4—NH2
\C6H4CO

I
0
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Expérience lias, however, shown that the
compound thus obtained has no practical value.
If, however, diethylmetamidophenol is used
instead of the metamidophenol, a most beautiful
colouring rnatter is obtained, known under the
narne

1. Rhodamin B C2SH3IN203C1. The com¬
mercial product is the monohydrochloride :

C ^0
XW<°;g.HCi
Lc4h4co

I
0

It forms beautiful needles of a metallic
green appearance, easily soluble in both water
and spirit. Weak solutions show a most mag-
nificent orange fluorescence, which disappears
on heating, and reappears in the cold. This is
the most beautiful red colouring matter ever
prepared, dyeing silk, wool, and cotton a most
brilliant pink of a bluish shade.

The process described for the production of
rhodamine is patented by the Badische Anilin-
und Soda-Fabrik, Eng. Pat. No. 15374, 1887 ;
Germ. Pat. No. 44002. The diethylmetamido¬
phenol is prepared from diethylanilin by heat¬
ing it with fuming sulphuric acid to 60°C.,
diethylanilin metasulphonic acid is formed,
which yields the phénol by fusion with caustic
soda.

There is, however, another process for the
manufacture of rhodamine, discovered by the
Farbwerke of Hôchst (Germ. Pat. No. 48367,
1888). It consists in treating fluorescein with
phosphorous pentachloride, when the fluor¬
escein ehloride

/C6H3.C1cX >0!xc6h3.ci
-c6h4.co

I
0

is formed. This is transformed into rhodamine
if heated with diethylamine under pressure.
Rhodamine has remained, hitherto, the only
basic phthalein of practical interest.

2. Rhodamine S C„0H2JN2O3Cl and
C24HS1N203C1.

These two colouring matters, which are identical
in their practical properties and applications,
are not, strictly speaking, triphenylmethane
derivatives ; nor are they derived from phthalic
acid. They must, however, be mentioned here,
because they are near congeners of rhodamine
B. They are obtained by treating dimethyl- or
diethyl- metamidophenol, not with phthalic, but
with succinic, anhydride. Succinic acid is the
typical ortliodicarbonic acid of the fatty sériés.
Like phthalic acid, it forms an anhydride, which
condenses with resorcinol into fluorescein-like
dye-stuffs ; these, however, offer no practical
interest. The succineines of dimethyl- and
diethyl- metamidophenol, however, show a suffi-
cient différence from rhodamine to be manufac-
tured and sold as a spécial brand. The consti¬

tution of the diethyl compound may be repre.
sented by the following formula :

/W<c§
C >0

\c„H3.N<gj
—C2H,.CO

I
0

It is, therefore, not a triphenylmethane deri-
vative, but one of ethyldiphenylmethane.

Rhodamine S shows great affinity to unmor-
danted cotton. It is one of the few membersof
the triphenylmethane group which may be con-
sidered as what is now called a substantive
colouring matter.

The properties of rhodamine S are very
similar to those of rhodamine B. It forms crys-
tals with a green metallic lustre, easily soluble
in water, with a red colouration, and a marked
yellow fluorescence. The shades obtained witli
it are yellower than those produced with rhod¬
amine B.

The above sketch only includes sueh tri¬
phenylmethane derivatives as have proved
to be of practical value. Both their number
and properties are sufficient to show that the
triphenylmethane group is of the greatest im¬
portance for the chemistry of dye-stuffs, and
it is probable that its importance may be still
increased by future additions. 0. N. w.

TRIPHïLLINE v. Lithium.
TRIPOLI. A minerai, used for polishing,

consisting mainly of silica associated with small
quantities of alumina and ferrie oxide, occurrin;
massive in beds and in nodules. Colour varyin»
from white or yellow to grey or black, is soit
and friable, and of sp.gr. 1-86 to 2'7. Seems to
consist mainly of the skeletons of Infusons.
Tripoli is found in France, Saxony, Bohemia,
Tuscany, Tripoli, Corfu, &c.

TRÔGERITE v. Uranium.
TROILITE. A name applied by Haidingerto

ferrous sulphide FeS, occurring in meteorites.
TRONA. Native sodium sesquicarbonate

v. Natron ; also Sodium.
TR0P7E0LINE v. Azo- colourino mattess.

TRUFFLE. The name of several kinds of
subterranean edible fungi. That commonly
sold m England is Tuber œstivum ; in France it
is mainly the more highly prized T. mêlaiio-
sporum, and in Italy it is most frequently T.
magnatum. Oeeasionally other fungi are
fraudulently substituted, such as Chceromyces
meandriformis, or Scleroderma vulgare, the use
of which may be attended with danger. The
English truffle, T. œstivum, is usually about the
size of a small apple, black outside, andbiwnish
with streaks of white within. It has a strong
penetrating smell, and is commonly found in
beech, oak, and birch woods, associated oeea¬

sionally with T. brumale, and in France with T.
melanosporum and T. mesentericum. The
French truffle, T. melanosporum, is brown oi
black in colour, and covered with coarse, poly¬
gonal warts, and has a pleasant smell, resem-
bling that of the strawberry. It oecurs mainly
in oak and beech woods, in calcareous marly
soils, and is gathered in autumn. The Italian
truffle, T. magnatum, is brownish buff in colour,
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ani has a strong alliaceous smell. The ' false
truffle,' Scleroderma vulgare, is saicl to be
gathered by Italians in Epping Forest, where it
oecurs on the surface of the ground, and is used
in inferior dining-rooms in London. Other
edible truflies are T. brumalc, found in winter ;
T. mesentericum, found in summer; and the
strong-smelling T. macrosporum, found in stiff
argillaceous soils. The ' red truffle,' Melano-
gaster variegatus, is allied to the pufi'-balls, and
is not a true truffle ; it is brown in colour, and
has a smell of bitter almonds. The smell of
truffles is so strong that dogs and pigs may
readily be trained to detect and dig them up.
Truffles contain mannite, malic and citric acids,
and fat. The characteristie odoriferous prin-
ciple in truffles, although readily volatile, and
passing over with water on distillation, does not
appear to be an essential oil.

TSCHEN. Chinese coins of a brassor bronze-
vellow colour, containing 55—64 p.c. copper,
26-35 p.c. zinc, and from 1-2 p.c. tin, 2-4 p.c.
iron, and 1-6 p.c. lead ; and occasionally stnall
quantifies of antimony, arsenic, and nickel
(Pôpplein, C. C. 1859, 481).

TSCHEWKINITE M"Si03M"'Ti03. A
silicotitanate of iron and cerium, lanthanum,
didymium, of a velvet black colour, found in the
Ilmen mountains.

TSCHERMIGITE. Native ammonia-alum,
first found at Tsehermig in Bohemia.

TSE-HONG. A mixture of white lead, alu-
mina, ferrie oxide, and silica, used by the Chinese
forpainting on porcelain.

TSING-LIEN. A red pigment used in porce¬
lain painting. Consists of a mixture of stannic
and plumbic silicates with copper oxide or cobalt
and gold.

TULA METAL. An alloy of silver, copper,
and lead made at Tula in Russia.

TUNGSTEN. Wolfram. Sym., W. At. wt.
183-6 (Marchand, v. Borck, Dumas, Schleibler,
Persoz, Roscoe) ; 184-04 (J. Waddell).

Tungsten occurs rarely as wolfram ochre or
wolframine W03. Its principal ore is wolfram
2I''eW04, 3MnW04 (the 'cal' of the Cornish
miner), which is usually found with tin ores and
with those of molybdenum, occurring princi-
pally in Cornwall, Devonshire, Cumberland,
Sweden, and Bohemia. Tungsten is also found
as scheelite CaW04, and scheelinite PbW04,
and in the rarer minerais, wolframite (MnFe)W04
and ferberite FeW04.

Tungsten is prepared by heating the trioxide
with carbon, or in a current of hydrogen, or by
heating the chloride in the vapour of sodium.

It is a bright-grey metallic powder of sp.gr.
19-129 at 4° (Roscoe). It melts only at the
strongest white heat. In air or oxygen it burns
at a red heat, with formation of the trioxide.
It combines with chlorine at 250°, forming the
hexachloride ; with bromine, forming the penta-
bromide ; and with iodine, forming the diiodide.
ffhen heated, it combines wjth sulphur and
phosphores. On water it has no action, but
when heated to redness it is converted by steam
into a mixture of the blue oxide and the tri¬
oxide. It is attacked slowly by nitric acid,
rapidly by aqua regia.

The presence of tungsten much increases
the hardness and tenacity of steel, andgenerally

improves its properties. The alloy is used for
the préparation of hard tools. It resists atmo-
spheric' corrosion, damascenes finely, and is
capable of taking a higher degree of magnéti¬
sation than other steel. According to Gruner
(C. R. 96, 195), sueh steel is less afiected by sait
water. The tungsten (free from sulphur and
arsenic) is added to erucible steel during the
later stages of its manufacture. With 5-6 p.c.
tungsten the steel is very hard but workable,
but when the proportion reaches 10-12 p.c. it
is so hard as to be unworkable with the lathe,
and can only be forged or ground (D. P. J. 256,
570; C. C. 13, 782). Other alloys of tungsten
are known, but are of no industrial importance.

Tungsten forms four chlorides and two oxy-
chlorides : WC12, WC14, WC15, WC16, WOCl4,
WO,Cl2; with bromine it forms WBr2, WBr3,
WOBr4, WO.>Br2, and with iodine WI2, but no
fluoride has been isolated.

Two sulphides, WS2, WSs, and sulphotung-
states of potassium, K2WS4 and of sodium and
ammonium, two phospiiides, W3P4 and W4P2,
a nitride W.,N2, and two amides, W3H6N4,
W3H|N4, are also known.

Tungsten dioxide W02 is produced by ré¬
duction of the trioxide at a carefully-adjusted
dull-red heat, in a current of hydrogen. It is a
brown powder, strongly pyrophoric when warm.

Tungsten trioxide W03. Finely-powdered
wolfram is heated for a considérable time with
hydrochloric acid, with the final addition of a
little nitric acid to oxidise the iron. When ail
the iron and manganèse are removed, the
yellow fesidue, which consists of tungsten tri¬
oxide and a little quartz and undecomposed
wolfram, is washed, and shaken with ammonia.
The oxide is thus dissolved as ammonium tung-
state, which is crystallised by evaporation and
ignited, with reproduction of the pure trioxide.

The oxide is a fine bright eanary-yellow
powder, becoming orange coloured when heated,
but returning to its original colour on cooling.
On exposure to light, it acquires a greenish
tinge. Roscoe has observed that the presence
of a small quantity of sodium sait produces a
permanent greenish tinge.

It is used as an oil and water colour, and
appears to be quite permanent.

When heated to 250° in a current of hydro¬
gen, the trioxide is reduced to a blue oxide
2W03W02, which has been used as a pigment ;
at a dull-red heat the dioxide is obtained, and
at higher températures metallic tungsten. It
is acted upon by other reducing agents, such as
zinc, in hydrochloric acid solution, stannous
chloride, &c., giving first the blue and finally
the brown oxide.

In alkalis and alkaline carbonates and am¬

monia, it dissolves, with formation of tungstates.
It dissolves slowly in concentrated hydrochloric
and hydrofluorie acids, but not in other acids.

Tungstic acid H2W04. On addition of a
cold acid to a cold solution of a tungstate, the
white hydrated acid H2W04.H20 is precipitated.
This is soluble in water, bitter in taste, and acid
to litmus. From hot solutions the anhydrous
yellow acid is precipitated, insoluble in water,
and in ail acids except hydrofluorie acid. A
colloidal tungstic acid has been prepared by
Graham.
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Alkaline tungstates are soluble in water.
Ail tungstates are insoluble in alcohol, and are
decomposed by most aeids.

M etatungstic acid H2W,0I3.7H20 is pro-
duced by décomposition of barium metatung-
state by dilute sulphuric acid. It crystallises
from water in small yellow octahedra, which
become anhydrous at 100°, and produce the tri-
oxide on ignition. The solution, when heated,
deposits a white hydrate, and finally the trioxide.

Alkaline metatungstates may be prepared by
boiling normal tungstates with tungsten trioxide
until the solution is no longer precipitated by
liydrochloric acid ; the others may be prepared
by decomposing the barium sait with the proper
sulphate. Most metatungstates are easily soluble
and bitter, giving no précipitâtes with acids, but
on continuous boiling they deposit normal tung-
stic acid.

Potassium tungstates. Trioxide of tungsten
is added in small portions to its own weight of
fused potassium carbonate. On evaporating at
ordinary températures the solution obtained
by lixiviation of the fused mass, the anhydrous
sait KjW04 is obtained in large needles, or the
hydrous sait K2W04.2H20 in prisms. When
the normal sait is boiled in but little water, the
acid sait is deposited in glistening scales con-
taining K10W12O4.llH2O. Two hydrated meta¬
tungstates, KjWjO.s.SH^O and K2W40i3.8H20, and
several polytungstates are also known.

Sodium tungstates. In addition to the
normal sait Na,W04.2H20, eight polytungstates,
ranging from Na2W20,.2H20 to sodium para-
tungstate, Na10W]2O4.28H2O, and the metatung-
state Na2W4OI3.10H2O are known.

Normal sodium tungstate Na2W04.2H20
may be prepared like the potassium sait. It
crystallises in rhombic plates, soluble in 2
parts of hot and 4 parts of cold water, forming
a solution of bitter taste and alkaline reaction.
At 200° the erystals become anhydrous and
opaque, and fuse at a red heat.

Sodium tungstate is prepared on the large
scale, directly from wolfram, by Oxland's pro-
cess. The wolfram, or dressed tin ore, having
been assayed, is mixed with the required amount
of soda ash to convert ail the tungsten into
sodium tungstate, and thrown in charges of
6-10 cwts. upon the cast-iron bed of a rever-
beratory furnace, and maintained at a good red
heat for about four hours with fréquent stirring.
The semifused mass—which consists of sodium
tungstate, unchanged tin oxide, oxides of iron
and manganèse, and a little silica—is then with-
drawn, and broken into small lumps before
cooling.

For lixiviation vats are used, below each of
which is a receiver ; before the plug-hole of each
vat is a perforated iron plate, with a rough
iilter of tow or straw. The charge, while still
hot, is thrown into the vats, which contain a
small quantity of water, the vats being filled up
with water when fully charged with ore. After
a half-hour the plug is withdrawn, and the con¬
tents are run into the receiver, the residue being
again treated. The lixiviate, when showing a
density of over 25°Tw., is at once conveyed to
the evaporating pans, but when below that
strength is used for extraeting the first charge
of another vat.

The solutions are concentrated in iron pans
to the erystallising point, and removed to the
coolers, from which the deposited erystals are
removed and drained, the mother-liquors being
mixed with a fresh liquor for evaporation.

Sodium tungstate is used to replace sodium
stannate as a mordant in dyeing and printing,
especially for wool and silk, and is employed as
a lireproofing material for wearing apparel. It
has been used for decolourising acetic acid and
acetates made from pyroligneous acid.

Many other tungstates are known. Lead
tungstate, prepared by the précipitation of
sodium tungstate with lead acetate, has been
used as a substitute for white lead. It is, how-
ever, of somewhat uncertain composition, and
is déficient in body. Tungstates of tin and
zinc, and especially of barium, have been used
for the same purpose.

Tungsten potassium bronze. ' Magenta
bronze ' K,W4012 is prepared by addition of
tungsten trioxide to fused potassium tungstate
so long as it dissolves. The whole is gently
heated in a current of hydrogen, and digested
suçcessively with water, hydrochloric acid,
potash, and water, leaving small violet erystals
of coppery lustre. Or potassium polytungstate
is fused with tin, and the résultant is treated
first with caustic soda and then with hydro¬
chloric acid. By the action of the electric
current on potassium polytungstates, deep-blue
coppery erystals are obtained, whose composi¬
tion, according to Zellnow, is K2WO44H,0
(compare G-. v. Knorr, J. pr. [2] 27, 49).

Tungsten sodium bronze. ' Saffron bronze'
Na2W303 (Malaguti) or NaW03 (Phillip a.
Schwebel) is prepared like the potassium sali.
It forms beautiful, golden, cubic erystals, un-
attacked by alkalis or acids, except hydrofluoric
acid (J. Philpp, B. 15, 499).

A mixture of the potassium and sodium
bronzes has been used for the production of a
violet pigment.

Phosphotungstic acids and phosphotung-
states are known, corresponding to those of
molybdenum. The phosphodecatungstate bas
been used as a précipitant for alkaloids (t.
Molybdenum).

Silicotungstic acid 4H2O.SiO212WO!29H,0,
and several of its salts, have been prepared.

TUNGSTEN BRONZE v. Tungsten.
TUNGSTEN YELLOW v. Tungsten.
TURF v. Fuel.
TURGITE v. Iron oxides, art. Ikon.
TURMERIC (Indian saffron-, Terra mérita).

The so-called turmeric root of commerce is the
underground stem or rhizome of Amomm
Curcwma, or of various species of Cureuma-e-j.
C. tinctoria, G. viridiflora, &c. These plants,
belonging to the Scitamineœ, are indigenous to
Southern Asia, and are there largely cultivated,
being exported from China, Madras, Bengal,
Java, Malabar, Batavia, and Barbadoes. Those
varieties which are derived from the central
rhizomes are more or less round (Curcum
rotunda), while the latéral rhizomes are long
and finger-shaped (C. longa). When of good
quality these commercial varieties are hard, and
of a dull, waxy, resinous fracture, the extemal
colour being yellowish-grey, internally an
orange-brown, but producing when ground a
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somewhat bright yellow powder, having a strong
cliaracteristie odour and a peppery bitter taste.

The rhizome of Canna speciosa, a West
African plant, is said to be exactly similar to
East. Indian turmerio in taste, smell, and
chemical reactions (Daniell, Ph. 19, 258). It is
cultivated in Sierra Leone, and furnishes the so-
called ' African turmerio.'

According to Pelletier and Vogel, turmeric
contains cellulose, gum, starch, minerai matter,
a strong-smelling volatile oil, a brown colouring
matter, and a characteristio yellow colouring
matter named by them Curcumin. Pectin and
pectic acid are also présent (Schiitzenberger).
Kachler found a notable quantity of binoxalate
of potash.

Pelletier and Vogel's method of isolating the
curcumin was long and tedious, and consisted in
iirst removing the fatty, resinous, and other im-
purities by suceessively extracting pulverised
turmeric with water and carbon disulpliide, then
dissolving out the colouring matter with boiling
alcohol, and purifying it by successive solution
in ether and alcohol, précipitation with lead
acetate, and subséquent treatment with hydrogen
sulphide and extraction with ether. It was
thus obtained as an amorphous yellow powder.

Lepage adopted a similar method, but after
extraction with carbon disul phide the colouring
matter was dissolved in alkali, precipitated with
acid, and finally purified with ether.

Daube was the first to obtain curcumin in
the crystalline state. He first removed essential
oil by passing a strong current of steam over
the coarsely-ground turmeric, then thoroughly
extracted it with hot water, and finally treated
the dried residue with boiling benzene. On cool-
ing the solution thus obtained, crude curcumin
«eparated as bright orange-red crystalline crusts,
which, after pressing between blotting-paper,
were dissolved in cold alcohol. After filtering
off some yellow flocculent substance, the solu¬
tion was precipitated with an alcoholic solution
of neutral lead acetate, adding finally a little
basic lead acetate in order to neutralise almost
entirely the liberated acetic acid and prevent
thereby any solution of the colour-lake. The
brick-red precipitate was washed with alcohol,
suspended in water, and decomposed with hy¬
drogen sulphide. The liberated curcumin was
extracted from the precipitate with boiling alco¬
hol, from which it crystallised on slow^ evapora-
tion.

Benzene is very suitable for obtaining pure
curcumin, for although it is very little soluble
in this liquid, the resinous matters which are
soluble in alcohol and ether are totally insoluble
therein.

(iajewsky obtained crystalline curcumin by
first extracting turmeric root with carbon disul¬
pliide, then dissolving out the colouring matter
with ether, and purifying it by fractional crystal-
lisation from ether or benzene. He detected
the presence of another colouring matter, also
traces of an alkaloid. This ckemist obtained a

greater yield of colouring matter by washing the
dry ethereal extract with dilute ammonia to
remove resin, then dissolving the brittle residue
in boiling concentrated ammonia solution and
precipitating with carbon dioxide ; 250 grms.
■ethereal extract gave 100 grms. flocculent cur¬

cumin, m.p. 140. Jackson also obtained crys¬
tallised curcumin by first removing the oil by
long extraction with carbon disulphide (00
hours), then thoroughly extracting (00 hours)
with ether, and after washing the orange-coloured
extract thus obtained with cold alcohol or

ether, crystallising from hot alcohol.
Pure curcumin erystallises from alcohol in

the form of lustrous pale-yellow or orange-
coloured prisms, frequently arranged in stellar
tufts. It is very soluble in ether, also in alcohol,
giving with the latter a fluorescent solution
capable of reducing silver nitrate. It is slightly
soluble in concentrated aeids, but readily so,
with a reddish-brown colour, in alkalis, from
which solution it is precipitated unchanged by
acids. With calcium and barium salts it gives
reddish-brown précipitâtes, with lead salts a
bright-red precipitate soluble in acetic acid.
With potassium it appears to form two salts, a
fiery red-coloured neutral sait and a dark crim-
son acid sait, obtained by adding ether to mixed
alcoholic solutions of curcumin and potassium
hydrate, one or other being in excess. Melted
with caustic potash, curcumin yields proto-
catechuic acid. Complété oxidation of curcumin
with potassium bichromate and sulphnric acid
yields carbon dioxide and acetic acid. Fuming
nitric acid gives oxalic and hydrocyanic acids.
After incomplète oxidation by means of per¬
manganate, acidifying with sulphuric acid,
filtering, extraction of the filtrate with ether, and
treating with sodium bisulphite, an oil is ob¬
tained partly congealing to fibrous crystals,
m.p. 79°, and smelling strongly of vanillin.

Sodium amalgam decolourises an alcoholic
solution of curcumin. Distilled with zinc-
powder, curcumin yields a brown oil, b.p. 280-
290°C., of aromatic odour, in which Kachler
detected microseopic crystals similar in appear-
ance to anthracene. In conséquence of its
colonr reactions and the results of some of its
analyses, this chemist thinks that curcumin
may possibly be related to chrysophanic acid.
The formula and constitution of curcumin are

not yet definitely determined. Daube gives it
the formula C]0H10O3, m.p. 165°G. ; Gajewsky,
(C4H40)„, probably C]6H,604, m.p. 172°C. ; Jack¬
son, C,4H,404 or C28H,6Os, m.p. 177-178°C.

Jackson and Menke have prepared the fol-
lowing curcumin derivatives.

Dihydrocurcumin Cl4Hlc04, m.p. 100°C. ca.,
is obtained as a brownish-white powder by long
standing of a dilute alcoholic solution of curcu¬
min with sodium amalgam, and précipitation
with hydrochlorie acid.

Dihydro-curcumin-anhydride (C41H1504)20,
m.p. 120°C. ca., is obtained as a dirty-white
powder by heating a glacial acetic acid solution
of curcumin with zinc-powder, and precipitating
with water.

Diethylcurcumin was obtained as abrownish-
black tar by treating an alcoholic solution of
di-potassium curcumin with ethyl iodide.

A mixture of mono- and cli- ethylcurcumin-
dihydride (CJLjJ.CqjH^O, and (C,H,)2.CI4H1404,
is obtained by the réduction of diethyl-curcumin
with zinc-powder and glacial acetic acid. Oxida¬
tion of ail these ethyl derivatives with perman¬
ganate of potash yields ethyl vanillinic acid,
m.p. 195°.
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Curcumin-mono-p-brombenzyl-ether
OhH, ,(CjH^Br) 04,

m.p. 78°, is obtained as pale-yellow crystals by
long standing of a mixture of an alcoholie solu¬
tion ol the aeid potassium sait of curcumin, and
jj-brombenzyl-bromide. Other derivatives ob¬
tained by the above authors were a bromide of
the formula C,4Hl0Br4O4 ; curcumin- tetra-
bromide C, ,H14Br404, m.p. 185°C. ; penta-brom-
curcumin-dibromide, m.p. 120°C. ; and mon-
acetyl-curcumin ; ail amorphous substances.
Diacetyl-curcumin was obtained as yellow rhom-
bic tabular crystals, m.p. 154°C.

Turmeric oil is the thick, orange-coloured,
aromatic oil extracted from turmeric to the
amount of about 11 p.c. by means of carbon
disulphide or ligroin. It is unsaponifiable
apparently, and on distilling gives no pungent
odour, as in the case of glycerol compounds.
Bolley examined the portion distilling over at
230-250°C., and gave it the formula C10H,4O.
In conséquence of it yielding with ammonium
sulphide a crystalline compound, Bolley con-
sidered it to be identical with carvol. Eliickiger
regards this as an error, because of the différ¬
ences in boiling-point and rotatory power of the
two products. Gajewsky is of the same opinion,
and finds that the portion distilling over at
220-228°C. contains less carbon and more

hydrogen than that which passes over at a
higher température. On oxidising the latter
portion with chromic acid in the cold much
gas is evolved, and an acid oil is obtained, b.p.
150-170°, which contains valerianie, caproie,
and terephthalic acids.

Jackson and Menke analysed that portion of
turmeric oil which distils over at 285-290°C.
or 193-198° (60 mm.), and gave it the formula
ClnH280 and the name turmerol. Heated with
hydrochloric acid it yielded turmeryl-chloride
C1bH27C1, a pale-brown odorous oil. By heating
a mixture of turmerol and ligroin and adding
sodium, sodium turmerol C19H27ONa was ob¬
tained as a tough semi-solid mass, which by
digestion with iso-butyliodide gave turmerol-
isobutyl ether C10H2IOC4O0, as a heavy, yellow,
pleasant-smelling oil. Complété oxidation of
turmerol with exeess of permanganate gave
terephthalic acid ; incomplète oxidation yielded
turmeric acid CuH1402, and apoturmeric acid
Gloml204 or CJ0HI0O4.

The following interesting colour reactions of
curcumin have long been known to chemists.
Turmeric paper—i.e. white paper stained yellow
with an aqueous or alcoholie extract of turmeric
—is coloured by alkalis a brownish-red, which
assumes on drying a violet hue ; the original
yellow is entirely restored by dilute acids. Boric
aeid solution changes the colour of turmeric
paper to a pure bright orange-red, fully developed
only after drying, and quite distinct from that
given by alkalis. It is unchanged by dilute
acids, becomes red by the action of strong
minerai acid, e.g. hydrochloric or sulphuric acid,
and is elianged by alkalis to blue, which rapidly
changes to a dirty grey. Schlumberger studied
this reaction, and found that on boiling an alco¬
holie solution of curcumin with boric acid it
aequired an orange colour ; if water was then
added to the cold solution, there was precipitated
a vermilion-coloured compound containing boric

acid, insoluble in water, ether, and benzene, but
very soluble in alcohol, with an orange colorai
This substance is very unstable, and is decorn-
posed either by the prolonged action of water,
or immediately if its alcoholie solution is boilcil;
the boric aeid dissolves, and leaves behind a

yellow resinous matter, psetulo-curcumin, which
differs from curcumin in that it does not' give à
red colouration with hydrochloric and boric
acids, and that it gives with alkalis a greenish-
grey colouration. The vermilion-coloured boric
acid compound of altered curcumin dissolves in
alkalis, with a purplish-violet colour soon tuin-
ing to grey. If the orange-coloured alcoholie
solution of this compound is boiled with the
addition of hydrochloric or sulphuric acid, or if
an alcoholie solution of curcumin, with addition
of boric and sulphuric acids, be boiled, the solu¬
tion acquires a deep-red colour. The reaction
is complété whenever a sample of the liquid
hecomes blue on the addition of ammonia. If
now the solution is cooled, a new substance,
rosocyanin, separates out as a dark granular
substance, while boric acid remains in solution,
When purified, by first washing with dilute alco¬
hol and water to remove boric acid, and then
crystallising from a mixture of alcohol and
acetic acid, and washing with ether, rosocyanin
forms dark-red needles having a green metallie
lustre. It is insoluble in water, ether, and benzene,
but very soluble in alcohol, with a deep magenta
colour, which changes to an evanescent bright
blue colour by the action of ammonia, and to a
yellow colour (pseudo-curcumin) on boiling the
solution ; 100 grms. of an alcoholie extract of
turmeric yield 15 grms. rosocyanin. It con¬
tains no boron, and on melting with caustic
potash yields paraoxybenzoic acid. In its général
chemical properties, rosocyanin resembles cy-
anin, the colouring matter of flowers, but their
constitution and relationship to each other are
entirely unknown.

Employment.—Turmeric has long been used
in India and China in the dyeing of cotton and
silk, employing a décoction slightly acidulatel
with 'lime juice.' It has also been and even
now is still used in Europe, sometimes to dye
cotton yellow, but ehiefly to furnish the yellow
part of compound colours on wool (e.g. ' sour
browns,' v. Sanderswood), and also on silk. It
is applied in an acid bath, along with indigo-er-
tract, orchil, &e. Its chief characteristic as a

colouring matter is that it dyes cotton direct.
i.e. without the aid of any mordant. It gives a
bright yellow, but one which is very sensitive
to alkali, and extremely fugitive to light. Other
uses of turmeric are for the colouring of lac-
varnish, leather, wood, paper, cheese, oils, fats,
&c. ; it also forms one of the ingrédients of curry-
powder and other condiments. An alcohoht
tincture of turmeric, and paper or calico stained
with its aqueous or alcoholie extract, serve as a
test for alkalis and for boric acid. Tuchschmidt
recommends turmeric paper for detei-miniu;
within a half per cent, the amount of caustic
soda in the presence of sodium carbonate. A
solution containing both forms of alkali colours
turmeric paper a yellowish-red, but whenever,
by addition of aeid to the solution, the last traces
of caustic alkali are neutralised, the colour
changes to carmine-red. The sodium carbonate
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can then be determined as usual. P. Watts
recommends the use of an alcoholic turmerio
tincture for the alkalimetric détermination of
citric acid in ' lime juiee.'
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TURMERIC ACID v. Turmeric.
TURMERYL CHLORIDE v. Tuemeric.
TURNBULL'S BLUE. A variety of Prussian

blue, v. Cyanides.
TIJRNER'S YELLOW. Patent ycllow. Lead

oxychloride SPbO.PbCL.
ItfRPENTINE v. Oils, essential ; also

Tukpenes.
TURPENTINE VARNISH v. Varnish.

TURPETH 01- TURBITH MINERAI. An old
name for basic mereurie sulphate HgSOj.2HgO,
sometimes called Queen's yellow, v. Mercury.

TURPETH or TURBITH ROOT. The root
of Convolvulus Turpethum or Ipomœa Tur-
pethum, found in India and Australia. It eontains
a volatile oil and a drastic resin, turpelhin
C3jH360,b, isomeric with jalapin and scammonin.
Wlien treated witli dilute minerai acids this

body is hydrolysed into glucose and turpetholic
acid C1bH3204 (v. Boutron-Charlard, J. Ph. 8,
131 ; Spirgatis, J. pr. 92, 971.

TUTENAG or TUTENACUE. Cliinese sïlvcr.
Packfong. An alloy resembling German silver.

TYPÉ METAL v. Tin.
TïRIAN PURPLE v. Murex; also Punicin.
TYROLITE. Pharniacosiderite. Cupriferous

calamine. Copperfroth CusAs208.2CuH202.7H20.
A basic copper arsenate, of an apple green or
verdigris-green colour, found in the Tyrol.

TYR0SINE CcH,(0H)CH2.CH(NH2)C02H.
A substance first obtained by Liebig by fusing
cheese with potash (A. 57, 127 ; 62, 269). May
also be obtained from horn, feathers, hair, and
various albuminoids by hoiling with dilute sul-
phuric or hydrochlorie acid. Found in moths,
caterpillars, spiders, and erayfish. Oeeurs, accom-
paniedby leucine, in the spleen and pancréas ; in
the liver and in the blood of the hepatic veins in
certain conditions of liver disease ; in the bile of
typhus patients, and oceasionally in urine. Best
prepared by boiling horn shavings with dilute
sulphurie acid (for détails v. Hinterberger, A.
71, 74 ; Stiideler, A. 91,12).

Tyrosine crystallises in fine lustrous needles,
which dissolve in 2,400 parts of cold water and
150 parts of boiling water. Very sparingly solu-
ble in cold alcohol ; insoluble in ether. Has a
neutral reaction, but combines both with acids
and bases.

u

ÏÏARANA v. Guaraxa.
ULEXITE. Boronatrocalcite v. Boron ;

also Borax, ait. Sodium.
ULTRAMARINE. Ultramarine was not

artificially made until the year 1828, when
Guimet discovered a method of producing it on
a commercial scale, and thus earned the prize
of 6,000 francs offered by the ' Société d'En¬
couragement ' of France for its production at a
cost not exceeding 90s. per lb. About the same
time the discovery was independently made by
Gmelin, who published his method.1 Ultra-
inarine exists in nature in the form of lapis-
lazuli, but its scarcity, and the cost of extracting
the colour from the minerai, rendered its practical
use as a pigment impossible.

The formation of ultramarine in small spots
had frequently been observed by alkali manu-
facturers in the produce of the soda kilns, and
this had led to many unsuccessful attempts to
produce the colour in quantity.

1 According to Heintz (J. pr. [2] 43, 98), the discovery
of ultramarine is due to Koltig, the director of the labora-
tories of the Eonigl. Porzellan-manufaktur in Sfeissen.

The exact ehemical composition of ultra¬
marine is still a matter of uncertainty, and
although its analysis is simple and its con¬
stituent parts easily ascertained, there is much
in the manufacture depending upon the results
of experiments, and but little upon the appli¬
cation of theory.

The colour can be made in such a variety of
shades and tints, possessing such différent
degrees of tinctorial power, and the proportions
of siliea and alumina may differ so widely, that
the assumption would seem to be well justified
that this body is the resuit partly of ehemical
combination and partly of mechanical mixture.
Certainly, ultramarines have not yet been shown
to possess a uniform composition, and even with
repeated opérations, in which exact amounts of
raw materials are used and similar conditions as

far as possible secured, the results vary both as
to appearance and analysis.

Ultramarine is, probably, a double silicate of
sodium and aluminium, together with bi-sulphidé
of sodium. B. Hoffmann (A. 194,1-22) considers
that the kind poor in silica and of a pale pure
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tint has the formula 4(AljNajSij08) + Na2S4, while
the kind rich in silica and of a deep reddish
tint oonsists of 2(Al2Na2Si^Oi0) + Na„S,. The
former he présumés to come from wlïite ultra-
marine by the removal of thr.ee molécules of
sodium from four molécules of the white ultra¬
marine of its sériés ; and the latter by the
removal of three of sodium from two molécules
of the white of its sériés. He, therefore, makes
the formula of white ultramarine poor in silica

4(Na2Al2Si.208 + Na2S),
in which sériés red and yellow compounds have
been made, but not much investigated. Of the
sériés rich in silica the white ultramarine has
not yet been made, and ail attempts to make it
have failed, the green is little known, and even
the blue is not equal in purity of tint to that
poor in silica. Proceeding by déduction, Hoff¬
mann proposes as the formula of the undis-
covered white ultramarine

2(Na2AL2Si3O10 + 2Na,S).
In this sériés there are also red and yellow

varieties. The red may be made from blue by
passing dry hydrochloric acid gas over it at a
température of 150°, admitting air. A violet
colour first appears, which becomes after a long
continuance of the opération an intense rose
red, without the libération of hydrogen sulphide
or other sulphur acids in any considérable
quantifies. The whole of the sulphur of the
blue ultramarine appears to pass into the new
compound. On washing, sodium ehloride and
soma alumina are dissolved. Hoffmann infers
from his observation of the behaviour of red
ultramarine that it isnot'under the mostfavour-
able cireumstances so chemically pure as the
blue.

Griinzweig found that yellow ultramarine
rich in silica can be made with certainty, and,
proceeding from the blue, the formula is derived
by abstracting one-fourth of the sulphur and
adding oxygen équivalent to the total sulphur in
the blue ultramarine. The resuit is

2(Na2Al2SiaO10) + Na.2S304.
The yellow is thus an oxidation product of the
blue.

Hoffmann was the first to discover that
ultramarine is a crystalline body. A crystalline
appearance liad been before notieed, but at-
tributed to uncombinedquartz sand. Theerystals
are chiefly single refracting, and belong to the
regular system. This has been confirmed by
other observers.

Bôttinger (A. 182, 305) considers that
ultramarine may be looked upon as the last term
of a sériés of molecular compounds of an
aluminium silicate, with a sodium silicate in
which the oxygen is more or less replaeed by
sulphur.

Wilkins argues that it consists of two parts,
one of which is a combination of two silicates of
alumina with sulphite and sulphide of sodium,
constant in composition, while the other is a
mixture of variable quantifies of sand, clay, and
oxide of iron, with sulphuric acid.

Fiirstenau (D. P. J. 219, 269.) gives the
following compositions.

A pure clear blue with little colouring power,
4Al203,9Si02 with Na„S.

A pure dark blue with great colouring power,
4Al203,9Si02 with Na2S5.

A light-reddish dingy blue, Al203,3Si02 with
Na2S2.

A dark-violet blue with great colouring power,
Al203,3Si02 with Na2S5.

Ritter holds that ultramarine contains a

double silicate, not only associated with polysul-
phide, but also with thiosulphate of soda, while
Brunner considers it a compound of aluminium
silicate with sodium sulphate and sulphide.

Unger (B. 5. 989) states that ultramarine
contains nitrogen, and has the composition

Al2Si0.,03N2,
the sodium used in the manufacture being
eliminated in the course of the reaction as sul¬
phide and sulphate. The nitrogen he suppose!
to be partly derived from the air.

Endemann believes that the blue colour is
due to a ' colour nucleus ' consisting of unchan-
ging proportions of aluminium, sodium, oxygen,
and sulphur in each variety of ultramarine, the
proportion being différent, while the rest of the
sodium and aluminium, and the whole of the
silica, merely act as a vehicle neeessary to the
préparation and existence of the colour. He
considers that this ' colour nucleus,' in the case
of white ultramarine, which he calls ' the mother
substance in themanufaetureof blue ultramarine,'
has the formula AlNa402S2. By acting upon
two molécules of this with sulphurous acidNa.0
is removed, and green ultramarine AljNajOjS,
formed. This green, by the action of oxygen,
which forms sodium sulphate, passes into the
pure green compound having the formula

Al,Na403S3.
G. H. Philipp (A. 191, 1-12), in comparing

blue and green ultramarines, finds that the latter
may be converted into the former by heating in
a sealed tube with water at 100°, and concludes
that the conversion is due to the oxidation of
sulphur to S02 or S202. It has also been con-
tended that the conversion is due entirely to the
water dissolving a small amount of sodium sul¬
phide, the composition of the colour remaining
unaltered. Philipp (D. P. J. 231, 500-503) con¬
siders that blue and green may be distinguished
by the amounts of sodium sulphide présent,

E. Biekmann (Ber. 11,2013-2017) thinhsthit
when ultramarine white 2(Na,Al4(Si04),)Na,Si;
converted into blue by roasting with sulphur,
the sulphurous acid combines with sodium ani
aluminium, liberating silicic acid, which in the
nascent state unités with sodium sulphide, fonn-
ing sodium sulphosilicate S.Si(ONa)2, or 'idéal
ultramarine blue.'

Eickmann also gives it as his opinion (D. P.J,
232, 164-176) that artifieial ultramarine is nota
chemical individual but a mixture of compound;.
one of which is essential to its constitution, the
others being b'y-products. The essential com¬
pound he takes to be sodium sulphosilicate.

Prom a chemical point of view silver ultra-
marine is perhaps the most interesting variet;
yet discovered, not alone upon its own acconnt,
but beeause it forms a starting-point from which
many other lrinds can be made. It is a dait
yellow amorpbous body, and was first obtainei
by Henman (B. 10, 99l) by heating blue ultra-
marine with a solution of silver nitrate in s

sealed tube at 120° for fifteen hours. In tte
body two-thirds of tbe silver exist as alumininn
silver silicate, and one-third as silver sulphide-
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On fusion with potassium iodide, the silver
ultramarine is converted into potassium ultra¬
marine of a clear blue colour. Fused with
lithium iodide, a lithium ultramarine is produced
resembling the corresponding compounds of
sodium and potassium, and of a beautiful blue
colour. By heating this with sulphur in a cur-
rent of air, the colour is changed first to green
and then to pink, and a red eompound is ob-
tained by heating in a current of hydrochloric
acid, gas, and air. If silver ultramarine is heated
with sodium ckloride, the silver is replaeed by
sodium, and by acting with the corresponding
salts the following are obtained : barium-ultra-
marine, a yellowish brown ; zinc ultramarine, a
violet ; and manganèse ultramarine, a grey. In
addition to the compounds already mentioned

The behaviour of ultramarines with various
reagents bas been carefully studied, but, though
interesting, the facts observed do not appear to
lead to a much deeper knowledge of the subject.

Concentrated and even dilute minerai acids
rapidly décomposé ail kinds of ultramarine, with
évolution of a part of the sulphur as sulphuretted
hydrogen and the précipitation of the remainder ;
and the stronger organic acids have the same
effect. Solutions of caustic potash or soda,
whether hot or eold, do not alter green or blue
ultramarine, but violet becomes blue. With
sodium sulphide the blue and violet are un-
changed, but the green turns grey. Heated
to low redness, blue loses its brilliancy, and be¬
comes greenish, while violet becomes blue pass-
ing on to greenish. Heated with carbonic acid,
blue and green are unaltered, and violet becomes
blue. With hydrogen at a high température blue
becomes brownish yellow, andviolet blue, and with
potassium chlorate green turns darker and loses
brilliancy. With chlorine at a low red heat green
becomes bluish violet, and violet pink, while
blue changes to violet. With dilute nitric acid
fumes violet is converted into red.

Blue and green ultramarines are the only
varieties of commercial interest. The yellow,
white, red, and violet are interesting from a
chemical point of view, but are not produced
upon the large scale, though many efforts have
been made to produce violet and red, and small
quantifies have been sold, but the colours have
little tinctorial value, and are of little or
uo practical value. Leltner, of Niirnberg, ob¬
tained a patent for manufacturing red u'tra-
marine. He passed chlorine gas and steam over
blue ultramarine at a high température. Biich-
ner has obtained red variety without the use of
steam, and he states (I). P. J. 231, 466) that he
has succeeded in making red and yellow ultra-
marines by using a smaller quantity of sodium
in the mixture.

The blue ultramarine of commerce was for a

long time solely made by what is called the
'indirect process,' and a good deal is still so

ultramarines can be made with organic radicles ;
thusbenzyl-, arnyl-, and ethyl- ultramarines have
been made by acting upon the iodides in a sealed
tube at 180°. Ethyl ultramarine is a greyish-
yellow powder. If heated with sodium chloride
it turns blue, ethyl sulphide being given off, the
sodium taking the place of the ethyl and form-
ing ordinary blue sodium ultramarine. There
is apparentiy great diversity in the composition
of ultramarines manufactured by slightly dif¬
férent methods, still further complicating the
problem of the chemical composition of this
body. Différences might be expected between
the kinds poor and rich in silica,-but theyextend
in a remarkable degree to tliose supposed to be
similar in composition. The following are some
analyses of différent makes rich in silica :—

made. Sulphate of soda, china clay, and carbon
are ground together and burnt in crucibles, in an
oven of a suitable form, for from six to nine
hours at a red heat. On turning out the cruci¬
bles, the raw ultramarine is found to be of a
somewhat dull green. This is crushed and
placed upon a roasting furnace heated to a dull
red, and there burnt with powdered sulphur, the
mass being turned over constantly, until the
sulphur has burnt off and the whole has assumed
a bright-blue colour. This method produces
only the kinds poor in silica, and though very
pure in tint the depth and strength of colour
are not great. The raw materials are cheap,
and the loss in weight by heating small, but
there is less certainty as to resuit, and the labour
bears a high proportion to total cost. For these
reasons this method has gradually been given
up in favour of the ' direct process.' The sélec¬
tion of raw materials for this method is a matter
of greater care, and, though the results are per-
haps more certain, they dépend upon a greater
attention to détail. The mixture consists of
about 100 parts of china clay, 90 of soda, 110 of
sulphur, 20 of chareoal, and some infusorial
earth, the exact amount depending upon whether
the ultramarine is to be rich or poor in silica.
The china clay must contain as little impurity
as possible, must be very fine, free from rough
sandy or stony matter, and should contain a high
percentage of silica. The soda used is the best
soda ash, known as carbonated ash, and should
test .58 p.c. The raw materials, having been
intimately mixed, are very finely ground to¬
gether, and are then ready for burning. Two
kinds of- ovens are now in use, namely ' crucible '
and ' mass ' ovens, the latter being the newer,
and, as many manufacturers consider, the better,
plan. In working the former plan, the ground
mixture is filled into crucibles of from twelve to
sixteen inches high, lids are fixed on with a
mortar made of clay, and the crucibles piled up
in regular rows in the oven, which generally
holds several hundred. The heat is slowly raised
to a bright red, ât which it is maintained until

— Si03 A1A NaaO S Total

1. German manufacture . 38-90 29-50 21-02 10-84 100-26
2. German manufacture . 39-61 23-95 19-15 13-10 101-66
3. English manufacture . 42-70 24-50 19-95 13-04 100-19
4. German manufacture, violet 41-30 24-30 17-40 14-80 101-30
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tbe burning is ended, tbe dnration of time
depending upon the size of the crucibles and
the particular mixture. The oven is then elosed,
air being as far as possible excluded, and left to
eool, after which the crucibles are removed, and
the crude ultramarine—which présents a beauti-
ful deep-blue colour—turned out and earefully
scraped and chipped free from any over-burnt
portions, and thus prepared for the washtubs.
The ' mass ' oven, so called from the mixture
being treated in a mass, is now probably more
used than the older kind, and produces very
good ultramarine if earefully managed. Fig. 1
gives an idea of the arrangement. The raw
materials, well mixed and ground, are shovelled
on to the floor of the oven, pushed up to the end
with a broad rake, and, after being piled up to
nearly the level of the bridge, are neatly flat-
tened, and covered with thin tiles, the joints
being filled in with a very thin mortar made
with china clay and sand. The oven having
been thus filled, the front is built up, leaving a
hole j ust above the level of the tiles for observa¬
tion, fitted with a loose brick. A small hole
below this and about opposite the centre of the
mass, fitted with a clay stopper, afiords a means
of taking samples as the burning proceeds. The
beat is slowly raised to a bright red, and as it
rises small jets of sulphurous acid are seen to

come from the cracks between the covering tiles
and burn with feathery fiâmes, increasing in
length as the heat becomes greater, and gradu-
ally dying away as the reaction is completed.
The heat is maintained at its highest point for
from twelve to eighteen hours, or until the pro-
cess appears to be finished, when a sample is
taken through the small hole by means of a
long auger inserted right into the middle of the
mass. The sample présents, if sufficiently burnt,
a greenish-blue appearance, gives off sulphurous
acid freely without aetually burning, and on
being spread upon a clean tile quickly loses its
heat, and appears a blue colour with a tinge of
green. The changes gone through by the mix¬
ture are interesting and remarkable. It goes in
ayellowish grey, and becomes suecessively brown,
green, and blue. The brown, a dark-rich colour,
is very unstable, and burns on exposure to air
to a greenish half-formed ultramarine, and, even
if not exposed, slow combustion goes on until
oxidation has taken place. The green is almost
equally unstable.

If the drawn sample be found sufficiently
burnt, the opération is concluded by closing the
oven, plastering up cracks, and excluding the air
as far as possible. It is then left to cool down,
which takes a week or ten days, and on opening,
the mass should appear dark blue, the bottom
portion not being quite equal in brillianey to the
top owing to the greater degree of heat to which

it has been subjected. On weighing, a loss of
about one-third of the original weight will be
discovered, and it will also be noticed that tbe
mass has considerably sunk. The ovens usually
contain about one ton of raw material. The
crude ultramarine having been removed from
the oven, the inferior part being kept by itseli,
is taken to the washing vats. These may be of
any convenient size, and have perforated false
bottoms over which is stretched a rough filter-
ing médium, allowing the water to pass through
while retaining the pigment. The vats are filled
nearly to the top with colour, andhot water run
through slowly, until the free sulphate of soda,
of whieh the raw ultramarine contains about
fifteen p.c., is dissolved out. The washed colour
is ground wet in upright mills between hard
stones until tbe requisite fineness is attained.
It is then drawn off, allowed to stand for a short
time in a vat until the dirt and unground pat-
ticles are deposited, and afterwards by careful
settlement divided into différent degrees.of fine¬
ness. The first déposât is coarse, and contains
sodium sulphide and other impurities; tle
second is coarse and dark, but quite clean; the
third is lighter and finer, until at last the ultra-
marine is so finely ground and of such light
spécifie gravity that it takes several weeksto
fall. The valuable part of the colour having
now been obtained, andfurther settlementbeiag
impraeticable, the remainder is precipitated
with lime, which coagulâtes the particles, ani
renders their removal by filtration easy. is
the process of settlement continues, the colour
becomes lighter, finer, bluer, and stronger, and
the manufacturer finds by experience hoiv te!
to regulate it so as to give the shades required.
The blue is dried on kilns, and sifted through
brass wire of one hundred to one hundred and
forty meshes to the inch, being driven through
the wire by a fan, by which means the lumps
are broken up into a fine powder. Ail coarse
particles or foreign matter pass out through the
tail end of the sieve. The manufacture is noir

completed, and nothing remains but tomiito-
gether the various shades and sorts to produci
the standards of sale. This part of the workis.
however, of much importance, as the tinctorial
power, fineness of grind, and depth and purist.
of colour in each standard, have to be exactly
reproduced in each bulk.

Ultramarine is extensively used in a varie!;
of manufactures. Its large cemsumption is con¬
séquent upon its two chief characteriaïcs:
brillianey as a body colour, and high colourir:
power. As a body colour it is used in cal»
printing, blue printing ink, wall-paper printin:
blue writing paper, paint, and blue moule:
soap, in which industries it plays an importa»
part. As a ' whitening ' agent it is very va!:
able, its great strength and purity of tous cor-
recting the yellow tinge in writing and printfc
papers, finishing cotton and linen goods, sugn
refining, &c., and giving a perfectly white »
pearance. In the manufacture of square ai:
bail blue for laundry use, ultramarine is m
very largely used, this branch of the indus»
having grown rapidly during the last fifis
years.

The development of the manufacture :
ultramarine has been remarkable. The pé
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the year after its discovery was about 16s. per
lb., but compétition soon brought this down, and
created a demand. Guimet commenced the
manufacture in 1828. Between 1830 and 1840 two
other manufactories were started ; 1840 to 1850
nine ; 1850 to 1860 nine ; 1860 to 1870 at least a
dozen ; and from 1870 to 1888 four or five more,
and four or five liave been olosed. Germany has
now about tvventy factories, France six, United
States three, England four, Austria two, and
Belgium one. The number of men employed in
the manufacture is perliaps two thousancl five
hundred, and the produce probably approximates
ten thousand tons annually, though it is impos¬
sible to get any trustworthy or definite informa¬
tion upon this point. The rapid progress of the
manufacture had the natural effect of gradually
reducing the value of ultramarine, and the aver-
age price has sunk to under 30s. per cwt., a
price which has stimulated the trade, opening
up new sources of consumption, and causing the
output to be increased.

This development is remarkable, especially
when taken into aecount with the, as yet, imper-
fectly understood chemistry of ultramarine.
Each year adds something to the accumulated
expérience, and improvements are from time to
time made in the manufacture, but they are
based more upon experiment than upon induc-
tive reasoning. G. W. B.

ULTRAMARINE, GREEN, v. Ulteamaeine ;
also Chkomium.

ULTRAMARINE, YELLOW. Barium Chrom¬
ais v. Babiuh ; also Cheomicm.

UMBELLIFERONE v. Goai eesins.

UMBELLULIC ACID v. Fatty acids.

UMBER. A brown pigment, consisting of a
mixture of the hydrated oxides of iron and man¬
ganèse, meehanically associated with a large
proportion of earthy matter of variable charac-
ter. The material is prepared for the market by
grinding and levigation. Baw umber is imported
from Cyprus, Turkey, and Italy ; while it is also
worked to a limited extent in the United States.

Prof. A. H. Ckurch gives the following analy-
sis of a choice sample of raw umber from
Cyprus: water, given off at 100°G., 4*8 p.c. ;
water expelled at a red heat, including organio
matter, 8-8 ; Fe„03, 48-5 ; Mn02, 19 ; CaO, 1-4 ;
MgO, 0-5; A12Ôs, 2-1; P203, 0 9 ; Si02, 18-7;
C0j, &c., 0-3. Part of the manganèse probably
exists as Mn.,04 (The Chemistry of Paints and
Painting, 1890).

For other analyses of umbers, siennas, and
ochres, v. G. H. Hurst in C. N. 59,1889,172. He
found crade Derbyshire umber to y ield the follow-
ingresults: hygroscopie water, 13-475 p.c.; com-
bined water, 5*175 ; BaS04, 30-105 ; Si02, 4-430;
CaS04, 2-153 ; CaCOs, 2 607 ; A120S, 8-078 ;
Fe203, 22-500 ; Mn02, 11-530. Hurst regards
most ochres as altération products, formed
mainly by the oxidation and hydration of pyrites
in situ, and meehanically mixed with silica,
clay, and other earthy matter. Umbers may
bave been waslied as a fine sediment from
deposits of iron and manganèse ores. The pig¬
ment termed bumt umber is merely umber
which has been exposed to heat, whereby its
colour beeomes somewhat reddened.

F. W. B.
UPAS ANTIAR v. Axtiar eesin.

ITPAS TIEUTÉ v. Nux vomica.

URACONITE v. Ueanium.
URANITE v. Ueaniuai.
URANIUM. Sym., U. At. wt. 239-8 (Péli-

got) ; 238 96 (Zimmermann).
This métal occurs principally as the oxide

U022U03 in pitchblende, which is found in Corn-
wall, Joaehimstlial, Saxony, Norway, and the
United States. As sesguioxide, it is found
associated with pitchblende in uraconite or uran-
ochre. It occurs as phosphate in uranite or
uranium mica, as phosphate of uranium and
lime in autunite, as phosphate of uranium and
copper in torbanite, as carbonate of uranium
and lime in liebigite, and in trogerite

3U 03As20512H20,

uranosphœrite Bi203U03H20, and samarskite.
An important source of uranium compounds

has been opened out, within the last two years,
in the ' uranium mine ' at St. Stephen's in Corn-
wall. During this period, the réduction works of
this Company, under the management of Mr.
Kitto, has turned out considerably over a ton of
the pure uranates of sodium and ammonium.
The ore occurs as a well-defined Iode containing
uranochre, together with pitchblende and phos¬
phates, arsenates, and other salts of the métal.

Uranium has been obtained by reducing
uranous ehloride with sodium. The compact
métal is malléable and silver white, resembling
nickel in colour. Its sp.gr. comparée! with
that of water at 4° is 18-7 (Zimmermann) ; it
melts at a bright-red heat. In air or water it is
unaffected at ordinary températures, but it burns
with formation of the green oxide when the
powder is heated to 207°. It combines directly
with ehlorine and sulphur.

Uranium belongs to the ehromium group of
metals. It forms two principal oxides U02 and
U03. The former is basic and is known as
' uranyl,' while the trioxide is regarded as its
oxide, and forms uranie or 'uranyl' salts and
uranates. Oxides intermediate between these ;
a black oxide U02U03, and a green oxide
U022U03, are also known. Oxides containing
less oxygen than UO„, and a higher oxide U04,
which forms pentranates, also appear to exist,
but they have not been fully examined.

The black oxide U02U03 is best prepared by
strongly igniting uranium nitrate. It is highly
prized as a means for producing a pure intense
black glaze on porcelain.

The green oxide U022U03 is obtained by
heating the black oxide at a moderate heat in
air or oxygen, or by heating uranium nitrate or
ammonium uranate at a heat not high enough
to reduce it to the black oxide. It is employed
for producing the black glaze on porcelain, as is
also the powdered native oxide pitchblende.

Sodium uranate is obtained by preeipitating
a uranie sait with excess of sodium hydrate, or
by fusing uranie oxide with sodium carbonate.
On the large scale, a mixture of 100 parts of
pitchblende (containing about 45 p.c. U022U03)
with 14 parts of lime, is roasted in a reverbera-
tory furnaee. The calcium uranate so formed
is deeomposed by dilute sulphuric acid, and the
solution of uranie sulphate obtained is treated
with sodium carbonate, the uranium and other
metals being precipitated, the former re-dissolv-
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ing in exeess. The clear solution is just neutral-
ised with dilute sulphurio acid and boiled, with
précipitation of a finely-divided hydrated sodium
uranate Na2U20.6H20. This sait, known as
' uranium yellow,' is used forpainting andstain-
ing glass and porcelain, and for making the
fluorescent 'uranium glass.'

On addition of ammonium chloride or sul-
pliate to a boiling solution of sodium uranate, a
precipitate of hydrated ammonium uranate is
obtained, whieh, when dried and gently heated,
is also sold as 'uranium yellow.'

Many other uranates are known; but are of
no industrial importance.

Uranium forms three ehlorides and an oxy-
chloride; U2C16, UC14, UC15, U02C12 (uranyl
chloride) ; with bromine it forms U^Bi'g, UBr4,
and U02Br2, and with iodine UI4. With fluorine
several eompounds hâve been prepared : UP4 ;
UOA ; UAF ; U2OP2 ; U,03F ; U^IHF ; and a
fluoxyuranate of potassium Ù02P23KP. Two
sulphides and an oxysulphide are known : US„,
U2S3, and U02S.

Uranic or uranyl nitrate U02(N03)2.GH20 is
prepared by the solution of any uranium oxide
in nitric acid. It crystallises from solution, in
lemon-yellow, fluorescent, rhombic crystals. It
is soluble in alcohol and ether, and is best puri-
fied by crystallisation from the latter. This
sait is precipitated by solutions of phosphates

and arsenates, and is used on that account for
the estimation of phosphorie acid, andof arsenic
after oxidation to arsenic acid. It is also used
in photography, and has been proposed as a
mordant in calico-printing.

Uranic or uranyl acetate UO2(C2H8O,)2.2H.0
is prepared by dissolving in warm aeetic acid
the yellowish-red mass produced by heating
uranium nitrate until évolution of oxygen com¬
mences. It crystallises from the solution in
yellow monoclinic crystals. It is used for the
same purposes as the nitrate. Many double
uranium acetates are also known.

Among other uranium salts may be men-
tioned the uranous and uranic sulphates
U(S04)28H20 and U02S043H20; phosphates;
arsenates, of which several oecur as minerais;
and carbonates.

URANIUM MICA. Uranite v. Uranium.
URANIUM YELLOW v. Uranium.
URANOCHRE v. Uranium.
URANOSPHIERITE v. Uranium.
URAO. A native form of sesquicarbonate

of soda Na4H2(C03)2.2H20, found in South
America and other places.

URARI v. Cuiîara.
USNIC ACID C1sH1907 (Stenhouse, Pr. 18,

222), C13H1308 (Paterno, B. 9, 345). Anacidfomd
in certain lichens (v. Lichens).

UVITONIC ACID v. Bone oïl.

Y

VAL D'ARNO SUPERIORE RESINu. Resins.
VALENTINITE. Native antimonious oxide

Sb203 v. Antijiony.
VALERIAN. The root of Valeriana offici-

nalis yields on distillation with water an essen-
tial oil of a pale-yellow or greenish eolour, having
a strong smell of valerian, an aromatic taste,
and acid reaction ; sp.gr. 0'90--0'93. Thickens
at —15°, and begins to boil at about 200°. Consists
of a mixture of valeric acid, a camphene, a
stearoptene, and a resin (Pierlot, A. Ch. [3] 56,
•291 ; Gerhardt, A. Ch. [3] 7, 275).

VALERIANIC or VALERIC ACIDS v. Fatty
acids.

VALONIA. The valonia trade has become
of great importance to Smyrna, and the collection
and sorting of the fruit occupy a large number
of people in the interior. The valonia oak
(Quercus JEgilops) grows wild on high sheltered
mountain slopes. The crop dépends largely on
the heat of the season and the amount of rain.
The quality, i.e. the percentage of tannin, dépends
on the season, only favourable and uniform
weather giving good results. The harvest yields
from four to eight hundred thousand eentners.
The middle sorts go mostly to England, the
best to Austria and Lombardy. The following
sorts are known to commerce :—

Uso Trieste .

Cribbee
Unaqu .

Naturale (uso inglese) .

Refuso (lst and 2nd) .

Fr. per 100 kilos.
. 50 to 60
. 45 „ 50
. 40 „ 45

. 34 „ 40
. 20.„ 25

Aecording to the quality, more or less refuse
is mixed with the acorns. Landerer points ont
that at ail the shipping places, as well as at the
drying places in the woods &c., many liundred
eentners of small fruit are wasted or burnt foi
firing, from which an extract could profitabljte
prepared for exportation. One or two kilosef
extract would contain the tannin of a centuer
of raw material (S. C. I. 2, 277), v. Leauei;
also Tannins.

VANADINE v. Vanadium.
VANADINITE v. Vanadium.
VANADIUM. Sym., V. At. wt. 511 (Bos-

coe). Minerais containing vanadium in quantit;
are rare, but the métal is widely distributed il
small quantities.

Vanadium occurs as vanadic acid in round-
inc with the native copper of Lake Superior;
as lead vanadate and chloride in vanadinite\&
lead pyrovanadate in the rare minerai deschisk
as hydrated vanadate of lead and coppei il
mottramite and psittacinite ; as lead vanato
containing zinc and manganèse in dictait.
aroxène, and eusynchite ; as vanadate of lot
and arsenic in endlichite ; as bismuth vanadati
in pucherite ; as aluminium vanadate contai*
potassium silicate in roscoclite, and as vai
of aluminium and calcium in volborttï»
Vanadium is présent in magnetites and mo-r
other iron ores, and becomes concentrated i
the residues from their treatment, espeeiallyl:
the Thomas-Gilchrist process. It is said to b
diffused with titanium, through ail primitif
granité rocks (Dieulafait), and has been fou
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by Deville in bauxite, rutile, and many other
minerais, and by Bechi and others in the ashes
of plants and in argillaceous limestones, sehists,
and sands. Scaochi lias observed its presenee
in incrustations on the Vesuvian lava of 1631,
and Donath (D. P. J. 240, 318) has found as
much as 0-16 p.e. of vanadic acid in a sample of
commercial canstio soda.

On aecount of its intense affinity for oxygen
at a red heat, vanadium is a most diffieult métal
to préparé in a state of purity. It can only be
produeed by heating the anhydrous dichloride
in pure dry hydrogen (Koseoe).

Vanadium is a light, whitish-grey powder of
a silver-white lustre under the microscope, stable
in air, and having no action on water at ordinary
températures, non-volatile and infusible in an
atmosphère of hydrogen at a red heat. Its
sp.gr. at 15° is 5-5. When heated rapidly in
oxygen, or thrown in powder info a fiame, it
bums brilliantly.

Hydrochloric acid or aqueous alkalis are
iritliout action ; hot concentrated sulphuric acid
attacks it, and nitric acid, either dilute or strong,
dissolves it rapidly; fused alkalis produce
alkaline vanadates, with évolution of hydrogen.
Vanadium combines direetly with nitrogen when
heated, forming the mononitride (Roscoe).

Vanadium belongs to the phosphorus group
ot elements. Like nitrogen, it forms five oxides :
V,0, V202, V203, V204, and V205. Hydrated
oxides intermediate between the two latter have
tlso been prepared (Brierley). The three first
oxides act as bases, the two last as aeids, forming
hypovanadates and vanadates respectively.

Vanadium pentoxide. Yanadic acid V20s
is the only oxide of industriàl importance. It
was prepared on the commercial seale in the
form ot ammonium metavanadate by Mr. Mellor,
at Patricroft. The minerai employed was
mtlmmite (PbCu)3(V04)2+ 2PbCu(HO)2, which
occurs in the copper-bearing Keuper beds at
Alderley Edge and Mottram St. Andrew's, in
Cheshire, as a film on the grains of sandstone.
The sand is digested in concentrated hydro¬
chloric acid, and the acid liquid is withdrawn.
The solution, with the washings of the residue,
is concentrated and evaporated with an exeess
of ammonium chloride, forming ammonium
metavanadate, which, being insoluble in a con¬
centrated solution of ammonium chloride, is
precipitated. After being freed from copper and
iron by repeated crystallisation, it is gently
roasted in a porcelain vessel, with production of
vanadium pentoxide. This is suspended in
water and subjected to a current of ammonia
gas, with formation of ammonium metavanadate,
the solution being separated from the silica,
phosphates, &a., which are not affeeted by am¬
monia, crystallised until free from phosphates,
and gently ignited to produce pure vanadium
pentoxide.

Vanadium pentoxide forms rhombic prisms,
of a fine ruby-red colour by transmitted light,
of sp.gr. 3-35, soluble in about 1,000 parts of
water with formation of a yellowish solution
which reddens litmus. At 658° (Carnelley) it
fuses, forming a red liquid, which recrystallises
in needles, with incandescence, on eooling. Ae-
cording to Ditte, this oxide exists in three
modifications.

When lieated in hydrogen it is reduced to
the trioxide V203. When fused with sodium
carbonate it forms sodium orthovanadate Na3V04,
but when heated with solution of the carbonate
the metavanadate NaV03 is produeed. In addi¬
tion to meta-, ortho-, and pyro- vanadates eorre-
sponding to the phosphates, vanadium pentoxide
forms tetra-, hexa-, and other more complicated
vanadates.

This oxide combines with sulphuric acid,
forming a compound V2Oj3S03. When the
diluted solution of this sait is reduced by means
of nascent hydrogen (by addition of zinc or
sodium amalgam) it passes through various
shades of colour, the original yellow solution of
vanadic sait being reduced to the hypovanadous
sulphate, producing first a green colour from the
mixture of blue and yellow, next a blue, when
the whole has been reduced to the hypovanadie
condition, then green from the production of
vanadous sulphate, and finally violet or lavender,
when the hypovanadous sait is formed. The
solution then forms a very powerful reducing
agent, absorbing oxygen rapidly from the air,
and acquiring a deep chocolaté colour. It
bleaehes indigo and litmus as rapidly as
chlorine.

Metavanadic acid HVOs may be prepared
by boiling copper metavanadate with aqueous
sulphurous acid. A mixture of brown and yellow
erystals is first produeed, the former being re-
dissolved on continued boiling with excess of
sulphurous acid. The remaining yellow erystals
consist of metavanadic acid. The acid may
also be prepared by addition of a solution of
ammonium metavanadate to one of copper
sulphate containing excess of ammonium
chloride, until a permanent precipitate is pro¬
dueed, and heating for a few hours at 75°. The
whole of the vanadium is slowly precipitated,
the colour being finer when précipitation is slow
(Gerland, B. 9, 874). Metavanadic acid forms
brilliant golden or orange-coloured scales, which
are used as a pigment in place of gold bronze
under the name ' vanadium bronze.'

Ammonium metavanadate NH4VOa is the
most important of the vanadates. It is prepared
by dissolving the pentoxide in ammonia.

According to G. Witz and E. Osmond (Bl. 38,
49 ; C. B. 95, 42), the slags produeed while
working the Thomas-Gilchrist process at the
Creusot ironworks contain nearly 1-5 p.c. of
vanadium, the quantity of that métal thus con¬
centrated amounting to 60,000 kilos (nearly
59 tons) annually. They recommend the fol-
lowing process for the séparation : 1 kilo of the
roughly broken slag is treated with a quantity
of hydrochloric acid insufficient to attaek the
whole (about 1 litre of acid at 21-22°Bé.) without
stirring, 3 litres of water being added, and the
whole remaining at rest for two days. The
solution, having a sp.gr. of about 27°Bé. at 36°,
is decanted and diluted to 15°Bé., and the silica
is removed. The solution contains the vanadium
in the hypovanadie condition, and may be used
at once for the production of aniline black. If
desired to produce hypovanadie phosphate, the
solution is nearly neutralised and about 250 c.e.
of saturated ammonium acetate solution is added.
The bluish-grey precipitate produeed, containing
phosphates of iron, aluminium, and vanadium,
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is re-dissolved and again treated with ammonium
acetate, the precipitate containing about 20 p.o.
pf vanadium.

If the slag eontain lésa than 1-5 p.o. of vana¬
dium, the hydrochloric aeid solution is neutral-
ised by the addition of a further quantity of
finely-powdered slag. The solution becomes
colourless, and a greyish granular precipitate
separates, containing the whole of the vanadium
and smaller proportions of the other less soluble
phosphates. The precipitate is re-dissolved and
re-precipitated as before. For the préparation of
ammonium metavanadate, the phosphatic pre¬
cipitate is roasted at incipient redness, and the
ochreous-yellow mass of impure pentoxide is
dissolved with the aid of ammonia, boiled until
colourless and filtered, the ammonium vanadate
béing precipitated by the addition of excess of

. ammonium chloride (v. Vanadium pentoxide).
From 4 kilos of slag containing 1-5 p.c. of vana¬
dium, about 250 grms. of ammonium meta¬

vanadate may be produced. It is a colourless
transparent sait, or white powder, difficultly
soluble in water, insoluble in a eoncentrated
solution of ammonium chloride and in ether.
It is used, in conjunction with sodium chlorate,
as an oxygen-earrier in the formation of the
finest aniline black, only an extremely small
quantity of the sait being required for a large
amount of aniline (v. also Cerium).

A very fine ' vanadium ink ' is produced by
the addition of gallic acid to a mixture of neutral
ammonium metavanadate and gum water. This
ink is not destroyed by acids, alkalis, or chlorine,
but does not appear to be permanent. Soerensen
(S. C. 1.1, 185) recommends the use of a solu¬
tion of 1 lb. neutral ammonium metavanadate
in 10 gallons of water for producing a permanent
black dye on leather whieli lias been tanned
with nut galls.

Vanadium forms tliree chlorides : VC14, VC13,
VC12, and four oxychlorides : VOCl3, VOCl2, VOC1,
and V202C1. A tribromide is known, but no
fluoride or iodide has been prepared. H. Baker
lias prepared a sériés of crystalline hydrated
liuoxyvanadates containing alkaline fluoride,
vanadic anhydride, vanadyl fluoride, and water.
Four sulphides are known : V2S2, V2S3, V2S4, and
V.2S5 ; the two latter aet as acids, with formation
of hypothiovanadates and thiovanadates re-
spectively.

VANADIUM INK v. Vanadium.
VANILLA (Span. vainilla, dim. of vaina, a

pod), an aromatic substance employed to flavour
chocolaté and confectionery, and in the manu¬
facture of liqueurs and perfumes, is the dried
fermented pod of certain orchids belonging to
the genus Vanilla found in Mexico, Columbia,
Brazil, Peru, on the banks of the Orinoco, Para-
hyba, and other rivers in South America. The
chief cultivated variety is V. planifolia, which is
grown on a considérable seale in Mexico, Béunion,
Mauritius, the Seychelles, and in Java. The
long fleshy stem of the plant clings by its aerial
rootlets to trees, and bears a greenish-white
flower. The fruit is a pulpy pod, about 6 to 12
inches long and half an inch thick. In Mexico
the plant is cultivated by planting cuttings at
the feet of trees left in a clearing of the forest ;
these root in a few weeks and bear in the third
year. In Béunion and in the Seychelles the

plants are trained on trellis-work supported by
trees, and are fertilised by hand. Care has to
be taken to gather the pods at the proper time
of maturity, as if over-ripe they split in drying,
and if under-ripe they are déficient in flavour.
In Mexico the gathered pods are allowed to lie
in heaps until they begin to shrivel, after which
they are heated, either by exposure to the sun or
in ovens, when they gradually acquire a dark-
brown colour. In Béunion the pods are im-
mersed in boiling water for a few seconds, and
then exposed to the sun for a few weeks in
woollen cloths until they acquire the proper
brown colour. As they become dry, they dis-
charge a viscid liquid from the upper end, and
are pressed from time to time to promote ils
flow. They are usually paeked for the market
in small bundles of fifty or one hundred in
eaeh.

The best vanilla is made in Mexico, which
sends most of its produce to the United States.
That from Béunion and Guadeloupe goes mainly
to Bordeaux, that from the Seychelles to London,
and that from Java to Holland.

The kind most esteemed in France is called
leq vanilla ; it is about 6 inches long and Iran
) to j inch broad, narrowed at the two ends,
curved at the base, somewhat soft andviscid,of
a dark-reddish colour, and of a flavour ol the
Tonka bean. When it is covered with an

eflttorescence of vanillin, to which its character-
istic fragrance is due, it is called vanille givrlt.

The second sort, called vanilla simama, is
smaller in the pod than the preceding, not so
brown in colour, and is free from efflorescence.

A third sort, which cornes mainly from Brazil
and Peru, is known as vanïllon, and is the vanilli
pamprona or tova of the Spaniards. The pod h
comparatively broad and fleshy, and it eontain;
a quantity of benzaldehyde which modifies Ht
flavour. It is from 5 to 6 inches in length and
£ to J of an inch broad. It is soft, viscid, and
of a strong but less agreeable smell than that ol
the leq.

The quantity of vanillin in the différent
varieties varies considerably. Mexican vanilla
contains about 1-7 p.c., Réunion about 2 p.t,
that from Java about 2-75 p.c., Bio vanilla
about 1 p.c., whilst vanillon only contains Iran
•4 to '7 p.c. Ail vanillas eontain a small quan¬
tity of vanillic acid C6H3(OH)(OCH3)CO.H1
which, however, is quite odourless.

Vanillin, the charaeteristic component ol
vanilla and the main ingrédient of its crystafc
coating, is the aldehyde of methyl protocatechoi:
acid 06Hs(0H) (OCH3)CHO(CHO:OCH,:OH
= 1:3:4). It was formerly mistaken lot
benzoic or cinnamic acid. Afterwards it œ

regarded as coumarin, but was subsequeitl;
recognised by Gobley as distinct from that
substance, and hence received its présent name.
Its formula was established by Carter (Bl. 17,2),
and its constitution by Tiemann and Haarmann,
who prepared it artifîcially from conijm
C16H,2Os. This substance is contained in th;
cambium sap of various pines and firs, as ife
excelsa, A. pectinata, Pinus Strobus, P. Cemk,
&e. On boiling this sap with water, and évapora-
ting the clear liquid, freed from albumen, toabo:;
one-fifth its bulk, crystals of coniferin séparai;
out, which on hydrolysis and on oxidation with
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chromic acid yield vanillin (Tiemann a. Haar- |
mann, B. 8, 1118 ; 9, 1287). Vanillin is also
obtained in a similar manner from eugenol
C,H)(OH)(OCHa)CH = CH.CH>, a ehief constitu¬
ent of oil of cloves (Eugenia Caryophyllata) and
of allspice (Eugenia pimenta).

Vanillin is also found in Siamese benzoin,
in asafœtida, and, together with eoniferin, in
asparagus, and in the seeds of the lupine and
of Rosa canina.

Vanillin forms white needles, possessing a
strong taste and the charaeteristic smell of
vanilla ; m.p. 80-81°, b.p. 285° (without de-
composition in a stream of carbon dioxide) ;
soluble in 90-100 parts of water at 14°, and in
20 parts at 75-80°. Aqueous solution coloured
violet by ferrie chloride. Has an acid réaction
and forms salts.

Artificial vanillin is made on an industrial
scale in Germany. It can be obtained by re-
placing the nitro- group in £>-nitro-ro-methoxyl
benzaldehyde by a hydroxyl group (Ulrich, B.
18, 2571 ; Germ. Pat. 18016 ; v. also L. Lands-
berg, Eng. Pat. 6190, 1886 ; Haarmann a.
Reimer, Germ. Pat. 2792, 1883 ; D. P. J. [9] 253,
391).

VAREC. Kclp v. Iodine.
VARI0LARIN v. Lichens.
VARNISH. (Syn., Vernis, iFr.; Lac,Firniss,

Ger.) A varnish may be described as a fiuid of
varying consistency, which when applied in a
thin coat to the surface of a solid body dries
eventually to a film of more or less hardness,
lustre, and impermeability to air or moisture.
It is obvious that the above définition embraces

liquids of very varying composition, and the
essential quality of a varnish—namely, that it
ivill dry—is arrived at by the use of materials
widely differing in their composition. The
simplest form which a varnish can assume is
that of a solution of a more or less elastic solid
in a volatile menstruum, the drying of such a
liquid, when spread out in a thin layer, being
merely due to the evaporation of the solvent ; to
this class belong the great body of the spirit
varnishes. When, however, in addition to the
two kinds of substances mentioned above, a
varnish contains some portion of oil, as in the
case of the ordinary oil varnishes, the process of
drying consists of two distinct opérations, which
take place side by side : the evaporation of the
volatile solvent (if any be présent), and the oxida-
tion, or, in other words, the drying of the oil.
The rapidity of the latter part of the process
dépends on the quality of the oil and on the
araount and nature of the various metallic salts
dissolved in the varnish ; these, to a large extent,
assist the oil to assimilate oxygen, and hence are
termed driers.

Varnish is usually applied on a previously
prepared surface by means of a brush in one or
more coats. The spirit varnishes dry the most
rapidly, but are more liableto be brittle and even¬
tually to crack and peel off. This defect may be,
to some extent, remedied by the addition of some
elastic substance soluble in the spirit menstruum.
Oil varnishes, however, are to a large extent free
from this defect, the drying oil which they con-
tain binding and softening the resin, and,
although they take longer to dry, they are
generally more lustrous and durable.

Voi,. III.—T

The solvents employed in making the vari¬
ous varnishes are chiefly alcohol, methylated
spirits, naphtha, turpentine, and sometimes
ether and chloroform. Of these, methylated
spirits and turpentine are the more extensively
used, and care should be taken that they are not
adulterated.

Of oils, linseed oil is that in most général
use ; walnut and poppy oils are, however, some¬
times employed. They should be carefnlly
tested for their drying qualities and purity from
foreign additions. Linseed oil as supplied by
the crushers is generally tolerably pure, but
sometimes samples are met with which contain
resin or minerai oils, and give consequently a
lower saponification équivalent. The best test,
however, from a manufacturées point of view, is
the practical one—namely, that of making a
small batch of varnish or drying oil with the
sample.

The resins, or ' gums,' as they aretechnically
termed, which enter into the composition of oil
varnishes are chiefly animé, amber, copals of
various kinds, and colophony or ordinary resin,
while asphaltum or pitch is used for the darker
sorts. The gums are washed and sifted, the
better sorts being picked out by hand, and classi-
fied in various grades according to their colour
and général soundness ; and as the gum gives
the hardening properties to the varnish, and is
also the most expensive constituent, great care
is exercised in its sélection. Animé and amber
give the hardest varnishes, and colophony the
softest and most perishable.

In the manufacture of oil-varnishes the
making-house plays an important part ; it is
here that the gum is melted or run, the oil
heated, and the fusion of the two constituents
takes place. As a good deal of inflammable
vapour is given off during these opérations, it is
highly necessary that the building be so con-
structed as to rapidly carry away the vapours
from contact with fire or a heated surface, and
to this end the house should be lofty and well
provided with chimneys possessing a good
draught. In case of a pot suddenly catching
fire, a sack is thrown over it and it is wheeled
outside, cold oil being poured in to reduce the
température if required.

Linseed oil, for the purpose of varnish mak¬
ing, is generally prepared or clarified in some
manner before use, and in many cases the driers
are added during this process. The oil is heated
for two or three hours in a boiler at a gentle
simmer, and then, after removing the Scum, the
driers are added according to the various receipts
which the manufacturer prefers to employ ; a
very good one is to add for every 100 gais, of oil
14 lbs. of powdered litharge, the same quantity
of red lead, and 7 lbs. of umber. The driers must
have been previously heated in a stove, to
expel ail moisture. The heat is then continued
for some two or three hours more, the whole
being kept well stirred to prevent the driers
sinking to the bottom ; finally, the fire is with-
drawn, and, after standing for two or three days
to settle, the clear oil is decanted and tanked.
If a drying oil be not required, calcined magnesia
may be added instead of the above, and by
operating in a similar way a so-called ' clarified '
or ' prepared oil ' is obtained.
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In giving receipts for the préparation of oil
or varnish, it is only intended to place before the
reader a few of the typical ones which best ex-
emplify the Unes on which the manufacturer
goes to work, as each différent house has its
own private receipts and methods of working,
which for the most part are jealously guarded
from the public eye, and are also capable of
variation to almost any extent according to the
requirements of the trade.

The first process in preparing an oil varnish
is to melt or run the gum, and then to cause it
to unité with the oil ; to this end the gum is
heated in a copper vessel over a rapid fire until
it is perfeetly liquid ; the oil, which has been
previously heated to 300°F-, or thereabouts, is
then cautiously added, and the whole is kept
well stirred and the heating continued until the
mixture is perfeetly clear. If a drying oil has
not been employed, the driers are now earefully
sprinkled in, and the mixture further boiled,
with continuous stirring, until a sample of it
becomes stringy when cooled on a palette knife.
The pot is then taken off the fire, and when
cooled down sufficiently the turpentine is
gradually added, stirring ail the while, until the
whole is thoroughly mixed. The varnish is
then strained through a coarse sieve into a tank,
where it remains until it is considered clear
enough for use. The time required for this
varies, and as ail varnishes improve or ripen by
âge, the longer they are tanked the better. Old
varnishes produce surfaces of much greater
lustre than new ones, which are usually poor
and dull.

It is generally considered that the good
qualities of a varnish are largely dépendent upon
the efficient mixing of the gum and oil ; if these
are thoroughly incorporated the varnish will be
freer from spots and blemishes on its surface,
while if well boiled a varnish is said to flow more

freely and to dry more rapidly. Excessive boil-
ing, however, causes the varnish to require more
turpentine for thinning, and the resulting fluid,
being poorer in its non-volatile constituents,
yields a thinner and less lustrous coat. No
strict rule on this point can be given or adhered
to, as some samples of oil or gum stouten more
rapidly than others, and the final resuit has to
be manipulated according to circumstances.

The drying of oil-varnishes varies consider-
ably, according to their composition and the
objects to which they have to be applied. Thus
a good gold size will dry sometimes in a few
minutes, while body or coach varnishes require
twelve to twenty-four hours, and even then
should be allowed two or three days to harden.
On the other hand, polishing varnishes are
generally dried by heat. Generally speaking,
the more gum and driers a varnish contains the
more quickly will it be transformed into a hard
coat. As a varnish, however, is durable in pro¬
portion to its elasticity, it is not easy to préparé
a varnish which shall be equally durable and
hard-drying, and one or other of these qualities
must be to some extent sacrificed in the final
resuit.

Japanning is also a form of varnishing which
requires for its completion the employment of
heat ; the original varnishes for lacquer work
came from China and Japan, and are the resinous

juices of trees belonging to the natural order
Anacardiaceœ. They are purified and strained,
being finally mixed with oil or colouring matter
as required, and are dried by the aid of steam.
Ordinary Japan is a black varnish made with
asphaltum along with the other resins.

In the receipts given further on for the vari-
ous kinds of varnish, it is to be noted that cop-
peras andumber arenotsolubleinthemenstruum,
but only serve to harden and clarify ; the varions
préparations of lead—such as red lead, litharge,
and sugar of lead—dissolve, however, to a large
extent, but an excessive quantity of driers is
injurious to a varnish in many ways.

The manufacture of spirit varnishes is much
less complieated than that of the oil prépara¬
tions, as the former, in the général acceptationof
the term, eonsist simply of various solutions ol
resins in spirituous média. The resins employed
for this purpose are shellac in its various kinds.
sandarac, gum benzoin, colophony, and some
varieties of copal, and occasionally mastic and
elemi. The solution of the resins is effecled
either cold or hot as circumstances require,
heat presenting the advantages of rapid solution
and clearing, while the palest varnishes are
obtained by the cold process. Where heat is
employed, preference is given to that of steam.
A simple form of apparatus required for this pro¬
cess is furnished by a jacketed copper vessel,
closed at the top, and conneeted with a eonden-
sing worm, motion being often communicatedto
its contents by a spindle fitted with bladesai
its lower end, and passing through the top by
means of a stuffing-box. In this way the solo-
tion of the resin is rapidly effected, andfc
spirit which has distilled over during the opéra¬
tion may be returned at the close. When dis-
solved cold, the process is likewise facilitatedb;
the employment of some convenient apparatos
for keeping the gum in a continuai state of agi¬
tation, and the caking together of the partiele;
of gum is sometimes prevented by its previons
admixture with a suitable quantity of sander
powdered glass. The varnishes are set asideis
jars or other receptaeles to settle, andarereai;
for use almost immediately. They dry veiy
rapidly, and are, generally speaking, barder an;
more brittle than oil varnishes, and as their dry¬
ing is merely dépendent on the evaporationoi lie
solvent, what are termed driers are not require!

Body varnish. Thoroughly melt 8 lbs. copal
and add 2 gais, pale drying linseed oil, pre¬
viously heated to 300° ; boil slowly till stringy
then take off the fire, and add 3 gais, of turpen¬
tine ; strain, and allow to clear in the tank-
This makes a good durable varnish. Anime!
occasionally substituted for copal, the resulfc
varnish being harder; but amber givesamnt!
darker resuit, and is oftener used on the Ce
tinent than in England.

Carriage varnish. Melt 8 lbs. copal, andiii
2 A gais, hot oil ; boil until stringy, then addil
each of copperas and litharge or red lead; k-
again, and thin with 5 or 6 gais, of turpentine-
This reeeipt gives a good elastio varnish.:
required harder, mix as required with an auir
varnish made as above, substituting animé fe
copal. Cheaper qualities of body and carriaee
varnishes may be made by the employment:
the above receipts of less gum and ruore dries
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but tlie varnishes so obtained are, of course, less
durable.

Oak varnish. Fuse 20 Ibs. copal, antl mix
-with 2 gais, liot drying oil ; boil until it strings
■well, tbeu add, when suffieiently cool, 5 gais,
turpentine, and strain into tank. Cheaper
<]ualities are obtained by the use of dark copal
or colophony. Tliis varnish is used for the
inside fittings, doors, &c., of houses, and should
dry hard in a few hours. Animé is sometimes
used instead of copal for the best oak varnishes ;
also amber, where colour is not much eonsidered.

Balloon or flexible varnish. This consists
of a solution of indiarubber in chloroform, Carbon
bisulphide, or other light spirit, at the rate of
1 oz. to the pint. Or it may be prepared as an
oil varnish by boiling, with constant stirring,
2 gais, of linseed oil with 0 oz. of copperas, the
same weight of sugar of lead, and 1 lb. of
litharge ; boil until it strings well, and thin, if
necessary, when cold with drying oil. Used for
balloons, bags, and other purposes for which
flexibility is an essential requirement.

Turpentine varnish. Dissolve, with or with-
out the aid of heat, 6 lbs. colophony in 1 gai.
turpentine. Makes a good and cheap varnish
for wood or métal. Sometimes called wainscot
varnish.

Patent leather varnishes. These are made
from drying oil boiled with Prussian blue, and
when cold ground with vegetable blaok, the
qnantities varying aocording to which coating is
required. For the first coating 1 gai. of drying
oil is boiled with 5 oz. pale Prussian blue to the
right consistency, and afterwards ground with a
little vegetable black. The last coat should
bave Jlb. pure Prussian blue and y lb. vegetable
black per gallon, while the intermediate coating
varnishes are made in proportionate quantities.
Each coat is stoved after application to the
leather, and polished with pumice before the
neit coat is put on. The heat of the stove
varies from 120-180°F., and the exposure of the
skins from six to ten hours.

Black varnish, black japan, &e. Add to
16 lbs. of well-fused animé 1 gai. of hot drying
cil, 3 lbs. dark resin, and 4 lbs. of asphaltum ;
boil well together, and thin with 2-3 gais, of hot
turpentine. This makes the best coachmakers'
japan.

A variety termed ironwork black may be
prepared from 48 lbs. asphaltum, 10 gais, boiled
oil, 7 lbs. each of red lead and litharge, and
3 lbs. white copperas ; boil well for two hours,
and thin with 25 gais, of turpentine. This is
sometimes mixed with dark copal varnish to
harden it.

Brunswick black is manufactured from 16 lbs.
of asphaltum, melted and mixed with 1 gai. of
dark drying oil, and finally thinned with 4 gais,
of turpentine. Used to polish grates and iron¬
work.

Crystal or paper varnish. Use equal quan¬
tities of pale Canada balsam and spirits of
turpentine. Chiefly employed for maps, prints,
and paper articles. Or dissolve 3 ozs. of mastic
in 1 pint of methylated spirit. For fixing pencil
drawings.

Another varnish for paper may be made as
follows Clear dammar resin is covered, in a
Jask, with 44 to 6 times its quantity of acetone,

and allowed to stand for fourteen days at a
moderate température, after which the clear
solution is poured off. Three parts of this solu¬
tion are then mixed with four parts of thick
collodion, and the mixture allowed to become
clear by standing. It is applied with a soft
camel's-hair or beaver's-hair brush in vertical
strokes. At first the coating looks like a thin
white film, but on complété drying it becomes
transparent and shining. It should be laid on
two or three times. It retains its elasticity under
ail circumstances, and remains glossy in every
kind of weather (S. C. I. 1882, 180).

A varnish which is said to coat the surface
of the paper, and not permeate through it, bas
been patented. It is prepared by dissolving
palmilate or oleate of alumina in some volatile
spirit such as benzene or ether. After the
evaporation of the solvent an imperméable var¬
nish is left.

Spirit varnishes. For brown hard use san-
darac 3 lbs., pale shellac 2 lbs., methylated spirit
2 gais. ; dissolve, and add turpentine varnish 1
quart ; agitate well, strain through gauze, and in
a month decant the clear portion from the sédi¬
ment. A cheaper varnish may be made from
seedlae and yellow resin 1£ lbs. each, methyl¬
ated spirit 5 quarts, turpentine 1^ pints ; dissolve
ail together.

The best white hard is made from the fol-
lowing receipt :—Sandarac, 5 lbs. ; camphor,
2 ozs. ; pounded glass, 3 lbs. ; methylated spirit,
7 quarts; dissolve, and when strained add 1
quart of pale Canada balsam.

A soft brillmnt may be made from sandarac,
6 ozs. ; elemi, 4 ozs. ; animé, 1 oz. ; camphor,
§ oz. ; methylated spirit, 1 quart ; proceed as
before.

Photographie varnishes. For dry plates,
take of red shellac varnish, 4 pint ; methylated
spirit, about lj pints; add to or lessen spirit
according to requirements. For wet-plate néga¬
tives, take 4 pint white hard varnish, and add
about 1 pint of methylated spirit, according as
required.

Lac varnish. According to colour required,
use pale or dark shellac, 8 ozs., and dissolve in
1 quart of methylated spirit. Or digest 5 ozs.
shellac and 1 oz. borax in I pint of water at
nearly the boiling heat till dissolved, then strain.
When dry it is waterproof.

Coloured lac varnishes, or lacquers, may be
prepared by adding to the spirit lac varnishes, as
above, turmeric, gamboge,dragon's-blood, or other
colouring matter soluble in spirit, according to
the tint required. Applied to wood or metals to
impart colour.

Mastic varnish. Pale gnm mastic, 5 lbs. ;
coarsely-pounded glass, 3 lbs. ; finest newly
rectified oil of turpentine, 2 gais. ; put in a four-
gallon can, close down the bung securely, and
keep rolling or in motion till ail the gum is dis¬
solved. This makes a very fine and pale varnish.

Label varnish. Sandarac, 53 parts ; mastic,
20 parts ; camphor, 1 part ; oil of lavender, 8
parts ; Venice turpentine, 4 parts ; ether, 6 parts ;
alcohol or methylated spirit, 40 parts. Macerate
for several weeks, agitating frequently until dis¬
solved, and decant or strain from impurities.
The varnish dries rapidly to a colourless, smooth,
and glossy layer.
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Wax varnish. Pure white wax, 1 lb. ; melt 1
with as little heat as possible; add of warm
rectified spirit, sp.gr. '830, 1 pint ; mix perfectly,
and pour out on to a cold porphyry slab ; then
grind with a muller to a smootlï paste, adding
more spirit as required ; put the paste in a marble
mortar, make it into an emulsion by gradually
adding 34 pints of water, and strain through
muslin. Used as a varnish for paintings. When
dry a hot iron is passed over it, or heat is other-
wise evenly applied, so as to fuse it and rendél¬
it transparent, after whieh, when cold, it is
polished with a linen cloth.

For other receipts and information on the
subject of drying oils and varnishes, see Came-
ron's Oils and Varnishes and XJre's Dictionary of
Arts and Manufactures. J. K. C.

VARVICITE. Hydrated manganèse ore
Mn02.Mn203.H„0 (Rammelsberg), or

"Mn0.3Mn203H,0
(Phillips) V. manganese.

VASELINE. A yellowish semi-solid or
viscous mixture of hydrocarbons, slightly fluor¬
escent and odourless, made by purifying the
residue left on distilling petroleum, or, artifi-
cially, by mixing solid and liquid paraiïins until
the required consistency is obtained.

American vaseline, niade by the Chesebrough
Company and other firms, is simply a vaeuum
residue (v. American petroleum, art. Petkoleuji)
partially decolourised by treatment with animal
charcoal. It is sold as melting either at 40° or
at 51°. German vaseline (iheunguentum paraf-
fini of the German Pharmaeopœia) is made by
dissolving ceresin in paraffin-shale oil (v. Engler
a. Bôhn, D. P. J. 262, 468 ; Gerstenberger,
S. C. I. 6, 676 ; Vulpius, S. C. I. 6, 719).

Vaseline is the petrolatum of the U.S.
Pharmaeopœia.

VAUQUELINITE. Native chromate of lead
and copper.

VEGETABLE BUTTER v. Bassia oils ; also
Oils, fixed, and fats.

VEGETABLE ETHIOPS. A form of char¬
coal obtained by the incinération of Fuci, v.
Iodine.

VEGETABLE FATS v. Oils, fixed, and fats.
VEGETABLE IVORY. The fruit of Phyt-

elephas inacrocarpa found in Columbia, South
America.

VEGETABLE PARCHMENT v. Parchment
paper, art. Cellulose.

VEGETABLE STEARIN v. Steakin.
VEGETABLE TALLOW v. Tallow.
VEGETABLE WAX (DETECTION OF, IN

BEESWAX). Themethodreeommendedby a Com¬
mission of the German Society of Apothecaries
(Ar. Ph. 24, 490) is to boil 1 grm. of the wax with
10 c.c. of water and 3 grms. of sodium carbonate
for a quarter of an hour, and allow to cool, when
the wax separates as a crust, and the underlying
solution remains only slightly cloudy in the
case of pure wax. But in presenee of impurities
an emulsion is formed beneath the crust of wax.

The results of Rottger's experiments by this
method show that 2 p.c. of Japan wax, stearic
acid, or resin can be recognised in beeswax by
the abnormal character of the emulsion formed,
whilst in the case of an admixture of talc the
test is less delicate, only 5 p.c. being reeog-
nisable (H. Rôttger, Ckem. Zeit. 14,1473-1474 ;

S. C. I. 1890, 83, 771; S. C. I. 10, 165) ; a
Japan wax ; also Wax.

VEGETO-ALKALOIDS. The vegetable alla,
loids are nitrogenous carbon compounds possess-
ing basic properties. They occur in plants,
usually as the salts of organic acids. Th»
greater number of them contain carbon, hydra
gen, nitrogen, and oxygen, but in a few cases
oxygen is absent (e.g. nicotine, conine). Chemi-
cally the vegetable alkaloids fall into tlree
groups : (1) those which are derivatives of pyriil-
ine, e.g. atropine, conine ; (2) those which are
derivatives of quinoline, e.g. narcotine, cinchon-
ine ; and (3) those which are substitutif
aminés and amides, and stand in a more or less
simple relation to ammonia— e.g. choline, caffe-
ine. Nearly ail the vegetable alkaloids belong
to the Srst and second groups.

The discovery of these bodies is due to the
German pharmacist Sertiirner, who, abont the
year 1807, isolated from opium a basic substanœ
able to form salts, to which he gave the name
' morphium.' The principal physiological ac¬
tion of opium was found to be exerted by this
substance, whieh has latterly been callel
morphia or morphine. The isolation, from
other médicinal plants, of similar compounds
capable of producing the physiological effect ol
the plants themselves quickly followed the
discovery of morphine, and in the next fewyears
strychnine and brucine were isolated from
Strychnos Nux-vcmiica, and quinine and cin-
clionine from cinchona bavk by Pelletier and
Caventou. The first volatile alkaloid, conine,
was obtained from hemlock in 1827 by Gieseete.
and in the following year nicotine was descriW
by Posselt and Riemann. At the présent day s
very large number of vegetable alkaloids lie
known, and the list is being extended every year.
It has been agreed that the names of these com¬
pounds shall terminate in -ine.

Distribution and mode of formatùm.-th
plants yielding alkaloids are vvidely distributed
throughout the vegetable kingdom. It is »
markable, however, that so far alkaloids haie
been obtained from only one family of plants
(Colchicece) belonging to the botanical divi¬
sion of monocotyledons, nearly ail the alka¬
loids being found in dicotyledonous plants,
although not in the families Graminw ani
Labiatœ ; whilst alkaloids are very raiel;
found in plants belonging to the extensiie naturs.
orderof Compositœ. The part playedby alkaloids
in the metabolism of plants is not well undu-
stoocl. The proportion of alkaloid générait;
reaches its maximum when the plant is mata-
The alkaloid is distributed throughout lit
various organs, being found in the leaves.
flowers, and seeds, as well as in tlie root ani
bark. When a plant dies down after florain».
the alkaloid accumulâtes in the root, whils
during the growth of a tree the alkaloids apps
to be gradually deposited in the bark, and bat
therefore been compared to the excreta ï
animais. Very little is known as to the mot
in which alkaloids are formed. It has be»
suggested that they may originate in the reac¬
tion of aldéhydes with ammonia, it being knoti
that certain aldéhydes condense with amnmnis
to form pyridine derivatives. It is possible,
however, that they may also resuit from lie
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dehydration of the ammonium salts of organio
acids. It is a significant fact tliat the ammo¬
nium salts of several of the acids which are found
in plants in conjunction with alkaloids, sueh as
meconic aoid, chelidonic acid, and citric acid,
may be converted, sometimes very readily, into
derivatives of pyridine, a compound which is
known to constitute the nucieus of a large
number of the vegetable alkaloids. The expéri¬
mental investigation of the natural mode of
formation of alkaloids is beset with the great
diffieulty that the intermediate compounds, the
precursors of alkaloids, are présent only in
minute quantity, and are hard to separate un-
ckanged from the various plant constituents
with which they are associated. Plants often
contain several alkaloids, which, however, are

generally found to be more or less closely related
in their chemical structure.

Mctliod of extraction.—Various processes are
employed for the extraction of alkaloids from
plants, the nature of the process depending
partly on the properties of the alkaloid which
lias to be extracted, and partly on the nature of
the other substances which oeeur with it in the
plant. A method which succeeds in extraeting
the alkaloid from the root is not usually appli¬
cable without some modification for the extrac¬
tion of the alkaloids from the leaves even of the
same plant, owing to the fact that the root and
leaves contain différent constituents.

It will only be possible within the limits of
this article to allude to the général method of
procédure. In the older processes the finely
powdered part of the plant (root, bark, &e.) is
exhausted by percolating it with a dilute minerai
acid, which décomposée! the natural organic
sait of the alkaloid, forming a hydrochloride or
sulphate readily soluble in water. The alkaloid
is precipitated on the addition of an alkali to
this solution ; or the plant is incorporated with
lime and water to liberate the alkaloid, and the
èied mass exhausted with a suitable solvent,
generally with alcohol. In some cases the alka-
loidal salts have been extracted direct from the
plant by means of dilute alcohol, and the alka¬
loid precipitated by an alkali after the alcohol
bas been distilled off. For the removal of eolour-
ing matter &c. from the alkaloidal solutions,
précipitation with lead acetate has been largely
resorted to, the precipitate containing the lead
salts of tannic and other organic acids as well
as the colouring matter. Animal charcoal has
been extensively employed for separating the
last traces of colour from the alkaloid or its
sait, the alkaloid being finally crystallisecl from
alcohol or water.

The methods at présent used do not differ
essentially from those above described. Now that
itis known how readily some alkaloids are hydro-
lysed and otherwise altered by strong acids and
alkalis, the use of minerai acid, except in very
dilute solutions, has been abandoned ; tartaric or
acetic acid being employed instead for purposes
of extraction. Ammonia or an alkali bicarbon¬
ate is to be recommended for precipitating
alkaloids in the place of potash or soda. The
use of animal charcoal for decolourising alka¬
loidal solutions requires caution, since some
alkaloids are retained by this substance, more
especially when they are in the free state.

In the majority of cases the following
method, modified where necessary, will be found
useful for extraeting alkaloids from plants. The
finely-powdered material is mixed with about
one-tenth of its weight of lime, and made into a
paste with water. When an alkaloid is decom-
posed by lime, magnesia may be substituted for
it. The mixture, which now contains the free
alkaloid, is thoroughly dried in a water-oven
and powdered. It is then packed in an extrac¬
tion apparatus (v. Extraction appabatus) and
exhausted with an appropriate solvent, chloro-
form, ether, alcohol, ' lieavy ' or ' light ' petro-
leum, or rectified fusel oil, the last two liquids
being extensively employed on the manufactu-
ring scale. By this means the alkaloid is
extracted, together with very little colouring
matter. The solvent is distilled from the solu¬
tion, and the residue mixed with a dilute acid,
when the alkaloidal sait dissolves, leaving the
fat, resin, &c. The alkaloid is obtained by pre¬
cipitating this solution with a slight excess of
ammonia. When the solvent used for the initial
extraction is only slightly soluble in water — e.g.
chloroform or petroleum—the séparation of the
alkaloid from the fat, resin, and colouring
matter may be effected by thoroughly agitating
the liquid with acidulated water. The aqueous
layer now contains the alkaloidal sait, whilst
nearly the whole of the impurities remain in the
organic solvent. Similarly, instead of precipi¬
tating the acid liquid with alkali, it may be
mixed with chloroform or petroleum, then made
alkaline and thoroughly agitated ; the liberated
alkaloid now dissolves in the organic solvent,
and may be obtained from it by evaporation.
These modifications are particularly useful on
the small scale, and are widely resorted to in
toxicology, since nearly the whole of the alkaloid
may be recovered in this way, whereas when the
alkaloid is obtained by précipitation, some is
liable to be lost through solubility. When it is
not easy to obtain a colourless alkaloid by erys-
tallisation from alcohol or ether, it should be
converted into a sait, and repeatedly crystallised
from water or alcohol until a colourless sait
is obtained, from which the alkaloid may be
regenerated.

When the alkaloid is volatile, the parts of
the plant are distilled with very dilute alkali ;
the liberated alkaloid condenses with the steam,
and may be extracted with a suitable solvent
from the aqueous distillate.

Further information respecting the extraction
of alkaloids from plants will be given in connec¬
tion with the account of each alkaloid (v.
infra). The worker should also consult the
original memoirs there referred to, and also
Dragendorff's Plant Analysis (English trans¬
lation by H. G. Greenish) ; Allen's Commercial
Organic Analysis, vol. iii.

Purification and séparation of alkaloids.—
An alkaloid having been isolated in a pure state
(i.e. free from non-alkaloidal substances), it is
necessary to obtain evidence of its being a single
body before its composition and properties are
investigated. This may be done by crystallising
the alkaloid or one of its salts in several frac¬
tions, the properties of each fraction being
examined ; they should, of course, be identical
if the alkaloid is homogeneous. The melting-
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point is often conveniently made use o£ for this
purpose, or, when this is not sharply defined,
some otker physical property—e.g. rotatory
power, solubility, &c.

In those cases where a distinctive physical
property cannot be found, combustions must be
ruade of the différent fractions in order to déter¬
mine whether their composition is identical.
The aurichlorides have frequently proved to be
very useful as a means of characterising and
purifying alkaloids, since these compounds, as a
rule, are easily prepared, crystallise well, and
melt sharply, each at a différent température,
even when the alkaloids themselves are closely
related. An auriehloride having been obtained
of constant melting-point—i.e. not changed by re-
crystallisation—the corresponding alkaloid may
be regenerated from it by precipitating the gold
from it, suspended or dissolved in water with the
slightest possible excess of hydrogen sulphide,
filtering, and expelling any trace of hydrogen
sulphide, and then recovering the alkaloid from
the solution of the hydrochloride in the usual
manner. For further information concerning
the methods of separating and characterising
alkaloids, see Ladenburg on the alkaloids of
Duboisia, Hyoscyamus, and Belladonna (B. 13,
257, 909, 1549 et seq.) ; Wright and Luff on the
aconite alkaloids (C. J. 33, 151, 318; 35, 387);
Dunstan and Chastonon the alkaloids of Scqpola
carniolica (Ph. [3] 20, 461), Dunstan and Ince ;
Dunstan and Umney on the alkaloids of Aco-
nitum Napellus (C. J. 59, 271; 61, 385).

The homogeneity, exact composition, and the
characteristic physical and ehemical properties
of many of the alkaloids are still undetermined.
Unfortunately, it is the practice of many of those
who examine the alkaloidal constitueras of
plants to content themselves with isolating, in
a more or less pure state, the chief alkaloid, and
giving a name to it without examining its
physical and chemical properties or those of its
salts, so that no means exist by which it can be
characterised with certainty. The so-called
colour reactions are as a rule valueless for this
purpose. Much useful work remains to be done
in preparing a number of the vegetable alkaloids
perfectly pure, and then examining their princi¬
pal properties. Until this preliminary work has
been done, inquiries into the chemical nature of
these bodies are impossible, whilst an examina-
tion of the physiological action is of very doubt-
ful value.

Physical and chemical cliaracters and con¬
stitution of the vegetable alkaloids. Most of
the vegetable alkaloids are solid substances,
many of them being crystalline. A smaller
number are liquid (eonine, nicotine, pilocarpine,
&c.) ; some of these, being volatile, distil with
water, although alone they boil at much higher
températures, often without appréciable décom¬
position. The crystalline alkaloids generally
melt sharply at definite températures, and the
observation of the melting-point of an alkaloid,
or of one of its crystalline compounds, is a
trustworthy means, not only of identifying it,
but also of ascertaining its purity, since small
quantifies of impurity considerably lower the
melting-point. The volatile alkaloids may be
identified by their boiling-points.

Most of the vegetable alkaloids are optically

active, i.e. rotate the ray of polarised light. The
greater number are lœvorotatory. A few are
dextrorotatory, notably aconitine, pilocarpine,
and narcotine. A few of the alkaloids are opti¬
cally inactive—e.g. piperine, berberine, and cryp-
topine. The alkaloidal salts generally exhibit
the same kind of optical activity as the alkaloids
themselves ; dextrorotatory alkaloids furnish
dextrorotatory salts, lœvorotatory alkaloids
lœvorotatory salts. The salts of the lœvo¬
rotatory nicotine and narcotine are, however,
dextrorotatory, whilst the dextrorotatory aconi¬
tine furnishes a lœvorotatory hydrobromide.

The majority of the vegetable alkaloids are
insoluble, or very sparingly soluble, in water;
their best solvent is alcohol. Usually they are
also dissolved by chloroform, ether, benzene, and
amyl alcohol, sometimes by light petroleum.
Their aqueous solutions are frequently strongly
alkaline to litmus, and precipitate hydroxides
from solutions of metallic salts.

Like ammonia, the vegetable alkaloids com¬
bine directly with acids to form salts, which are
usually crystalline, and often soluble in water
but generally' insoluble in chloroform and ether.

In their combinations with acids the alka¬
loids nearly always act as mon-acidic bases,
even when they contain two atoms of nitrogen
in the molécule, that is to say, they unité ia
only one proportion with acids to form stable
salts. To this rule, however, notable exceptions
exist, especially among the cinehona alkaloids ;
e.g. quinine is a diacidic base.1

The ordinary salts will be alluded to lateria
connection with the particular alkaloids. Atten¬
tion will be directed here to certain alkaloidal
compounds, which are important in connection
with the détection and identification of the
vegetable alkaloids.

Anric chloride (AuCl,) combines with te
liydrochlorides of the alkaloids, forming well-
defined aurichlorides,- usually eomposed of ont
molecule of the alkaloidal hydrochloride and
one molecule of auric chloride (B.HCLAuGl,1.
These compounds are frequently sparingly
soluble in water, and are thrown down as pa'e-
yellow précipitâtes when an aqueous solution of
auric chloride is mixed with an aqueous solution

1 The nomenclature of alkaloidal salts is in a verjx-
satisfactory state. They were originally nanied after fe
similar compounds of ammonia, viz. hydrochlorate, soi
phate, nitrate, &c. These names have long ceased to be
used for the ammonia compounds, which are now regardai
as salts of 'ammonium'—viz. ammonium chloride,amni>
nium sulphate, ifcc. No analogous change has, however,lies
made in the names of alkaloidal salts, the salts of morphiia.
for example, being still called morphine hydrochlorate (:•:
hydrochloride), morphine sulphate, &c., and not morphim
chloride, morphium sulphate, &c. The only chant;
that has been made is to alter ' hydrochlorate,' not in>
' chloride,' but into ' hydrochloride,' which has the adn:-
tage of indicating that the compound contains the entii;
molecule of hydrochloric acid, and in this respect differ>
from the metallic chlorides. This reform has been extendei
to the ' hydriodates ' and ' hydrobromates,' which are ne ■
called ' hydriodides ' and ' hydrobromides.' It has not, how¬
ever, been applied to the other salts (sulphate, nitrate, i:. -

which, though similarly constituted, are not terme!
' hydrosulpliates,' ' hydro nitrates,' &c.

2 Compounds of the alkaloidal hydrochlorideswithacr
chloride will be called auri-chlorides, the correspond!:;
compounds with platinum chloride, platini-chlorida}^Ù
mercuric chloride mercuri-chlorides.

A compound of the alkaloid itself with anric chtaife
will betermed an auric chloride compound, or simplr
example) pilocarpine auric chloride, and the similar mr-
curie chloride compound, pilocarpine mercuric chloride.
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of the alkaloidal hydrochloride. Sometimes,
however, the auriehlorides are soluble in water.
They may be crystallised from their solutions in
alcohol or water aeidulated with liydrochlorie
acid. As has been already pointed out, tliese
crystalline compounds melt sharply and are
used in characterising alkaloids. They are also
conveniently employed in ascertaining the for-
mula-weights of the alkaloids, the gold being
determined by ignition. In cases where neither
the alkaloid nor one of its ordinary salts can be
crystallised, or readily obtained pure, the per-
centage composition of the alkaloid may be
arrived at from the results of the combustion of
the pure aurichloride. When only small quan-
tities of material are available, it is important to
be able to détermine the composition of the auri¬
chloride without losing the alkaloid, which, of
course, is inévitable if the gold is determined by
ignition in the usual manner. The following
process renders it possible to estimate and recover
the alkaloid and also to estimate the gold and
the chlorine in one and the same quantity of
aurichloride. A weighed quantity of the auri¬
chloride (-5-1 grm.) is dissolved or finely sus¬
pende! in water, and decomposed by the graduai
addition of a very slight excess of aqueous hydro-
gen sulphide ; the resulting precipitate of gold
sulphide is washed, dried, ignited, and the rési¬
dus of gold weighed. The filtrate and washings
are made alkaline with ammonia, and the alka¬
loid extracted by agitation with chloroform or
ether ; the residue of alkaloid left on the evapo-
ration of the solvent is dried and weighed. The
alkaline aqueous solution is now strongly aeidi-
fied with nitric acid, and the chlorine precipi-
tated with silver nitrate in the ordinary manner.

Auric chloride also appears to combine with
the alkaloids themselves, as well as with their
hydrochlorides, forming auric chloride com¬
pounds (B.AuCy, which are stable crystalline
salts composed of one molecule of the alkaloid
and one of auric chloride. They are obtained by
mixing together alcoholic solutions of the alka¬
loids and auric chloride. The détermination of
the melting-point and composition of these
compounds furnishes an additional means of
characterising certain alkaloids. So far these
compounds have only been prepared from a few
alkaloids (Dunstan a. Ince, C. J. 59, 271 ; Hardy
a. Calmels, Bl. 48, 220), but there is reason to
believe tbat they are obtainable from many of
the vegetable alkaloids.

Aurochlor derivatives of caffeine and isaconi-
tine have recently been obtained. They are
produced from the auriehlorides by the loss of
two mol. props. of hydrogen chloride, and may
therefore be regarded as derived from the alka¬
loid by the replacement of one atom of hydrogen
by the group AuClj (Dunstan a. Shepheard, C. J.
63,201; Dunstan a. Harrison, C. J. 63).

Platinic chloride combines with alkaloi¬
dal hydrochlorides to form platinichiorides
(fi.HCl.PtCl,), which are sometimes precipita-
ted when aqueous solutions of those substances
are mixed, but are generally more soluble than
the corresponding auriehlorides. Tliey fre-
qnently crystallise well, and are useful in deter-
mining the formula-weights of the alkaloids, the
platinum being estimated by carefully igniting
the salts and weighing the metallic residue.

Palladium chloride and mercuric chloride
also form double salts with certain alkaloids.

Picric acid précipitâtes the solutions of most
alkaloidal salts, and the yellow picrates may
often be crystallised ; in very acid or dilute
solutions the précipitation of the picrate is fre-
quently not observed. The alkaloids may be
recovered from the picrates by decomposing them
with aqueous alkali, and extracting the liquid
with ether or chloroform.

Tannic acid also précipitâtes solutions of
many alkaloidal salts.

Iodine dissolved in aqueous potassium iodide
précipitâtes the solutions of most alkaloidal salts.
The precipitate is reddish-brown when the solu¬
tion is dilute, but in strong solutions this precipi¬
tate at once aggregates to a greenish-black mass.
The précipitâtes consist of the periodides of the
alkaloids (B.HI.I2 or I4). Many of them crys¬
tallise well from alcoholic solution, the crystals
being green by reflected and red by transmitted
light. The alkaloid may be recovered from these
periodides most safely by dissolving the com-
pound in aqueous sodium thiosulphate, then
adding excess of ammonia, and shaking out the
alkaloid with ether or chloroform (Dunstan a.
Bansom, Ph. [3] 14, 623).

Mercuric iodide dissolved in aqueous potas¬
sium iodide (Mayer's solution) produces an
abundant yellowish-white flocculent precipitate
of indéfini te composition in solutions of nearly ail
alkaloidal salts, and for this reason is one of
the best général reagents for detecting alkaloids
(Mayer, Vierteljahrschrift fur Pharm. 13, 43 ;
Baur, Ar. Ph. [3] 5, 214,289). The précipitation
of an alkaloid by this reagent is often quite com¬
plété if certain précautions are taken, the charac-
ter of which varies with différent alkaloids, some

being completely precipitated only when the
alkaloidal solution is neutral, others requiring
that the solution shall be faintly acid to com¬
plété the précipitation, while a few alkaloids are
only precipitated by this reagent from a strongly
acid solution. Although the précipitâtes (double
iodides of mercury and alkaloids) produced by
this reagent have not a constant composition,
yet the quantity of a known alkaloid contained
in a given solution may be volumetrically esti¬
mated by its means, the precipitatory power of a
cubic centimètre of the solution having been
previously found for the alkaloid in question (v.
Détection and estimation of alkaloids). The
alkaloids may be recovered from these précipi¬
tâtes by suspending them in water, and passing
hydrogen sulphide through the mixture. After
filtering oiï the mercuric sulphide, a solution of
the alkaloidal hydriodide is obtained, from which
the alkaloid may be liberated and extracted in
the usual way. Or the precipitate produced by
Mayer's reagent may be decomposed with stan-
nous chloride, and the alkaloid liberated from
the solution by potash.

Bismuth ioaide or cadmium iodide dissolved
in aqueous potassium iodide also précipitâtes
alkaloids, the character of the précipitâtes being
similar to those produced by Mayer's reagent.

Phospho-molybdie acid, prepared by adding
excess of nitric acid to the solution of the sodium
sait, produces a white precipitate in the solutions
of most alkaloidal salts (Sonnenschein, A. 104,
45).
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Phospho-tungstic acid acts similarly. Alka-
lis liberate the alkaloids from these précipitâtes.

Of the very numerous reactions of the vege-
table alkaloids the following are some of the
most important in relation to the chemical con¬
stitution of these bodies.

In their behaviour towards alkyl iodides
(methyl iodide) most of the alkaloids act as
tertiary bases ; a few, including conine, are
secondary compounds. An examination of the
properties and modes of décomposition of the
' ammonium iodides ' formed by the combination
of alkaloids with alkyl iodides has sometimes
thrown important light on the constitution of
the alkaloids.

The nitrogen, which may be regarded as the
centre of force, chemical and physiological, is
net easily separated from the vegetable alka¬
loids. In a few instances ammonia or an

arnine is formed by réduction with concentrated
hydriodic acid, or by the action of concentrated
aqueous alkali. Sometimes fusion with alkali,
or distillation over hot soda lime, will lead to
the élimination of the wliole or a part of the
nitrogen in the form of ammonia or an aminé,
but in the majority of cases under such treat-
ment a pyridine or quinoline derivative is
obtained—that is to say, the nitrogen is not
separated from the elosecl chain which consti-
tutes the nucleus of the moleeule. Conine yields
ammonia when it is heated with concentrated
hydriodic acid, whilst morphine, tropine, and
eegonine afford methylamine when acted on
by alkali, proving that the methyl group in these
compounds is linked to nitrogen. On the other
hand, nicotine, pilocarpine, and many other
alkaloids furnish pyridine derivatives when
similarly acted on. Cinchonine, papaverine,
strychnine, and berberine under the same treat-
ment yield derivatives of quinoline.

The less energetic action of alkalis (baryta)
and of minerai acids effects the hydrolysis of
certain alkaloids, the products being usually a
non-nitrogenous acid and a nitrogenous base.
By the reaction of this acid and base, the natural
alkaloid is often reproduced. Thus atropine
sulïers hydrolysis, producing the base tropine
together with tropic acid

CHHjjNOJ + H„0 = CbH15NO + C,,H,„03
(tropine) (tropic acid)

and by heating these substances together the
réaction may be reversed, and atropine (tropyl
tropine) re-formed. Similarly, piperine may be
resolved into piperidine and piperic acid, aconi-
tine into aconine and benzoic acid.

Oxidising agents, espeeially permanganate or
chromie acid, convert many vegetable alkaloids
into acids belonging to the pyridine and quinol¬
ine sériés, and these are sometimes accompanied
by paraffinic acids resulting from the oxidation
of side chains attached in the alkaloidal molé¬
cule to the nucleus of pyridine or quinoline.
Thus nicotine on oxidation furnishes nicotinic
or pyridine-carboxylic acid, which yields pyrid¬
ine itself when distilled with lime, whilst conine
affords, besides a similar pyridinic acid, the
normal butyric acid.

Reducing agents attack most alkaloids, and
as they are generally unsaturated compounds
hydrogen is often taken up (from sodium
amalgam and water), forming hydrides of the

original compounds. Thus cinchonine combines
with two atoms of hydrogen, forming the »

called dihydrocinchonine, or more properly cin¬
chonine dihydride ; berberine and papaverine
combine with four atoms of hydrogen,producing
tetrahydrides, whilst nicotine unités with sis
atoms of hydrogen, furnishing a liexahydriit
When the deoxidation of alkaloids is effectedb;
means of red-hot zinc-dust, pyridine and quinol-
ine derivatives are frequently obtained. Ile
halogens react with nearly ail alkaloids, forming
additive compounds, as well as haloid derivative-,

The action of phosphoric chloride or oit-
chloride—-or better, because less violent, that oi
acetic or benzoic chloride (or anhydride)—throi;
light on the important question as to the rade
of the union of the oxygen which nearly ail lie
alkaloids contain. In many cases the présente
of one or more hydroxyl (OH) groups has beeri
established. Atropine and conydrine contaii
one hydroxyl group, whilst morphine conta,
two. Many of those alkaloids which contain
hydroxyl are converted by the action of dilate
minerai acids, or of strong aqueous tartaric atii
into bases which dilïer from them by the absente
of the éléments of a moleeule of water. Ile-e
compounds, which closely resemble the parent
alkaloids, aretermed 'apo-' or better ' anhydre-1
compounds ; thus atropine yields anhydre-
atropine, morphine 'apo- ' or anhydro-morphine,
aconitine anhydro-aeonitine.

Certain alkaloids contain one or mot

methoxyl (OCH3) groups, the presence of which
is ascertained by heating with concentrais
hydriodic acid, when methyl iodide is formel
The quantity of iodide formed may be ostimaW
(Zeisel, M. 6, 989 ; Benedikt a. Griissner,
Chem. Zeit. 13, 872), and from this resuit lie
number of methoxyl groups présent may be al
culated. Quinine and quinidine contain one
methoxyl group, thebaine and apparent!
brucine contain two, whilst narcotine contait
three, and papaverine four.

In many alkaloids one or more atoms of oxygei
are présent in a form other than hydroxylormtll-
oxyl. Besides carbonyl (CO), which is a fréquent
constituent, the existence of a betaïne group

I ^ I has been demonstrated in trigonefc^oJ '
and in pilocarpine.

The chemical behaviour of the vegetable alka¬
loids shows them to be, with but few exception!,
derivatives of pyridine (e.g. conine and atropine
and quinoline (e.g. cinchonine, papaverine). Oi
this account Kônigs (Studien iiber d. Alkaloide.
Munich, 1880) has proposed to designate vege¬
table alkaloids only those substances which ait
so derived, such bodies as catfeine, theobrom».
muscarine, and choline, which are not pyridic
or quinoline derivatives, being called végétal!
bases. The précisé constitution, of a few alkaloii
lias been more or less completely established,ad
their synthèses have been either partiallye
entirely effected ; e.g. conine, the principal alla
loid of hemlock, has been proved to be a-propy
hexahydropyridine ; piperine, the alkaloid i
pepper, the piperyl derivative of kexahydre
pyridine ; pilocarpine, the alkaloid of jaborand;.
the betaïne of a substituted pyridine-lactic acil
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(pilocarpic acid) ; atropine, the alkaloid of bella-
donna, the tropyl derivative of hydroxyethyl-
methyl-tetrahydropyridine ; trigonelline, the
methyl betaïne of 18-pyridine-earboxylic acid,
<!tc., &c.

Comparatively little work remains to be done
in order to completely establish the chemical
constitution of a number of alkaloids other than
those mentioned above, and the reactions of so
manyof these bodies have been carefully investi-
gated in recent years that chemists are now
<juite familial' with the charactçristic features of
the structure of these bodies. For further in¬
formation regarding the constitution of the
vegetable alkaloids v. Kônigs, Studien iiber d.
Alkaloide, Munich, 1880 ; Pictet, Les Alcaloïdes
Végétaux, Paris, 1888, and especially the original
memoirs referred to in connection with each
alkaloid.

Détection and estimation of alkaloids.—The
presence of an alkaloid may be deteeted by
the use of the général reagents referred to
above, which, as a rule, afford most delicate
indications when added to a slightly acidified
solution. The evidence thus obtained must be
confirmed by an examination of the chief chemi¬
cal propertiesof the substance. Many of the alka¬
loids give characteristie colour reactions when
mixed with sulphuric acid and other reagents ;
these will be alluded to later in connection with
each alkaloid. Itshould,however, be remembered
that, with possibly one or two exceptions, colour
reactions cannot be relied on as conclusive proof
of the presence of a particular alkaloid, since
verv similar colour reactions are often given by
more than one alkaloid, and on the other hand
distinctive colours are frequently obscured by
the presence of impurity.

For the détection and séparation of alkaloids
in toxicology spécial processes are used, which
in principle are the same as those employed to
cxtract alkaloids from plants, but are longer,
and difier sotnewhat in the mode of procédure.
The methods devised by Stas-Otto, by Dragen-
dorflf, and by Erdmann and Uslar are those usually
resorted to. For détails of these methods the
following works should be consulted : Husemann,
Toxicologie; Dragendoriï,Gerichtlich-Chemische
Ermittelung von Giften ; Tayior's Toxicology,
edited by Stevenson ; Wynter Blyth, Poisons ;
AUen's Commercial Organic Analysis, vol. iii. ;
Watts' Dictionaky of Chejiistky, new édition,
art. Alkaloids.

For the estimation of alkaloids it has been
proposed to use a standard Mayer's solution
volumetrically, with as pure a solution of the
alkaloidal sait as possible. The titration is
conducted in the usual way, the end of the pré¬
cipitation being looked for. Since the precipi-
tate produced by this solution has not the same
composition with différent alkaloids, the Mayer's
solution is empirically standardised, the value of
a cubic centimètre being separately found by
actual trial with each alkaloid. For a list of
these values v. Dragendorfï's Plant Analysis.
The. method is trustworthy when it is known
that only one alkaloid is contained in the solu¬
tion, and when the titration is conducted under
precisely the same conditions as those which
nere observed in standardising the Mayer's
solution with the particular alkaloid which is

being estimated. Whenever possible, the quan-
tity of alkaloid contained in a given material
should be determined by isolating it pure, and
weighing it as sueh, or as a sait.

For the estimation of alkaloids in plants and
in médicinal préparations (tinctures, extracts,
&c.) made from them, processes very similar to
those described for the extraction of alkaloids
from plants are used quantitatively with certain
précautions, the residue of alkaloid being finally
weighed. The détails of these processes differ
with each plant and its préparations. The more
important methods will be alluded to in connec¬
tion with the various alkaloids. For further
information on the subject v. Dragendorff, Der
Chemische Werthbestimmung die Starkwirken-
den Droguen ; Prescott, Organic Analysis, and
various papers in the ' Pharmaceutical Journal '
(1879-93).

It will not be possible within the limits of this
monograpli to give an account of every known
vegetable alkaloid, but only to allude to most of
those which are of practical importance in some
connection or another, because they are manu¬
facturée! on a large scale, or are used largely in
medicine, or on account of the familiarity of the
plants which yield them, &o. Even in these
cases it will be impossible to do much more than
afford an outline of the principal properties,
reactions, modes of préparation, détection, and
estimation of each alkaloid. Processes for the
extraction, détection, and estimation of important
alkaloids as a rule will be somewhat fully de¬
scribed, whilst questions relating to their chemical
constitution, although not exhaustivelydiscussed,
will, in important instances, be dealt with suffi-
ciently to rnake clear the character of the evi¬
dence that has been utilised in effecting the
remarkable progress of the last twenty years.
Eeferences will be given to the original memoirs
from which fuller information may be obtained.
In général, more detailed information respecting
the properties and reactions of alkaloids and their
salts will be found under the separate headings
in Watts' Dictionaey of Cheaiistey, by Muir
and Morley.

Since it is not possible at the présent tirne to
adopt a chemical classification of the vegetable
alkaloids, and as a System of classification ■
founded on that of the plants which yield them
would be without signifieance in a chemical dic-
tionary, the principal alkaloids will be considered
in alphabetical order, except in cases where
several alkaloids are furnished by one plant,
when these will, as a rule, be considered in con¬
nection with the principal alkaloid.

Aconitine and the Aconite alkaloids. Our
knowledge of the aconite alkaloids is at présent
in a very unsatisfactory state. Owing to the
great difficulty of extracting them without change
from the plants, and of obtaining them in a per-
fectly pure state, confiicting aecounts of their
composition and properties have been given by
différent observers. The following list includes
the alkaloids about whose existence in the prin¬
cipal species of aconite there seems to be littlo
or no doubt :—

| Aconitine
j Isaconitine

1 Homisaeonitine
I Aconine

In Aconitum Napellus
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• -{2SSSS.
In Aconitum japonicum . [ Japaoonitine

(Japanese aoonite) *\ Amorphous bases
In Aconitum lycoctcmum . | yiy^onine 6

It is certain that the various aconite alkaloids
are closely related to each other and that their
chemical structure is similar, but the relationship
subsisting between most o£ them has not yet been
made out, whilst virtually nothing is known as to
their chemical constitution. It will not be pos¬
sible to trace their structural connection until a

great deal of preliminary work has been done in
obtaining each alkaloid perfectly pure, charac-
terising it by a careful study of its physical and
chemical properties, and establishing precisely
wherein it differs from the other alkaloids of this
group.

Our knowledge of the pure alkaloids being in
this imperfect state, it is scareely necessary to
point out that very little accurate knowledge has
been gained with reference to the remarkable
physiological activity of the chief of these alka¬
loids (aconitine), which must be reckoned among
the most powerful poisons at présent known.
The many results which have been reeorded
must be accepted only as defining in a broad and
général manner the kind of physiological effect
which these alkaloids produce, since it is well
known that few, if any, experiments have been
made with material of demonstrated purity.

Aconitine C33H4,,NO]2 or C33H43NO]2, the prin¬
cipal alkaloid contained in Aconitum Napellus,
or monkshood, which also contains the alkaloids
isaconitine, homisaconitine, and aconine, appa-
rently in combination with aconitic acid. Aconi¬
tine was discovered in 1833 by Geiger and Hesse
(A. 7, 276), and first crystallised by T. B. Groves
in 1860 (Ph. [2] 8,121). Its chemical properties
were investigated by Wright and Luff (C. J. 31,
143, 33, 151, 318 et seq.), and later by Dunstan
and Ince (ibid. 59, 271), Dunstan and Umney
and Dunstan and Passmore (ibid. 61, 385, 395).

Préparation.—The finely powdered root is
extracted with alcohol acidified with tartaric
acid. Minerai aeids must not be employed, since
they readily hydrolyse aconitine. The alcoholic
solution is evaporated at a low température
(60°), water is added to the residue, and the resin
&c. removed by agitation with light petroleum.
The aqueous liquid is now precipitated with an
alkali carbonate. The precipitate of alkaloid is
extracted with ether, and the ethereal solution
shaken with aqueous tartaric acid. By this
means a small quantity of resin is left dissolved
in the ether. The alkaloid is now again pre¬
cipitated from the acid solution and crystallised
from ether, the crystallisation being assisted by
the cautious addition of light petroleum to the
ethereal solution. Pinally, the alkaloid is puri-
fied by converting it into the hydrobromide, and
repeatedly crystallising this sait from water.
The alkaloid is then regenerated from the pure
sait (Duquesnel, A. Ch. [4] 25,151 ; Wright, C. J.
31, 143).

The following process has given good results,
both on the small and large scale (Dunstan a.
Umney, C. J. 61, 385) :—

The finely powdered root is exhausted with
amyl alcohol (b.p. 120-130°). The solution is

agitated with dilute (1 p.c.) sulphuric acid, and
the acid solution twiee extracted with a small
quantity of chloroform in order to remove dis¬
solved amyl alcohol. The liquid is now exactly
neutralised with dilute ammonia, and gently
warmed to expel the dissolved chloroform. To
the cold solution a slight exeess of ammonia is
added, and the liquid repeatedly extracted with
ether until nothing is removed. The aconine
remains dissolved in the water, the aconitine
with some isaconitine and homisaconitine pass-
ing into the ether. The ethereal solution is
washed with a small quantity of water and era-
porated. The residue is converted into hydro¬
bromide by dissolving it in dilute hvdrobromic
acid, care being taken to avoid excess of acid.
The exactly neutral liquid is evaporated to a
small volume and allowecl to crystallise. The
crystals of aconitine hydrobromide are separated
from the liquid, from which a further supply
of crystals may be obtained; even when the
mother,liquid is syrupy, crystals will form, espe-
cially if a small crystal of aconitine hydrobromide
is introduced into it. The aconitine hydro¬
bromide is recrystallised several times from
water until it melts at the proper température,
and then is converted into the alkaloid by the
addition of a slight excess of ammonia to ils
aqueous solution, the alkaloid being extracted
hy ether in the usual way. The washed ethereal
solution is thoroughly dried by agitation with
fused calcium chloride and evaporated. The
small crystals which are deposited as the ether
evaporates may be recrystallised from a mixture
of alcohol ancl ether, by which means large
crystals may be readily proeured.

The root of A. Napellus appears to contain
from -02--04 per cent, of aconitine.

Properties.—Colourless anhydrous tabulai
prisms, belonging to the rhombic System. For
a description of its crystallographic character;.
see Tutton (C. J. 59, 288). Easily solubje in
chloroform and benzene, less readily in absolute
alcohol and ether, very slightly soluble in «ter,
almost insoluble in light petroleum. One gnn.
of aconitine is dissolved by the following quan¬
tifies of the respective liquids at 22-24° Ether
(rel. dens. -720), 63-9 grms. ; alcohol (rel. dens.
■7945 at 21°), 37'04 grms.; light petroleum (rel.
dens. -670),2806 grms.; benzene,5-5 grms.; water.
726-4 grms. (Jurgens, Ar. Ph. [3] 24, 127,172).
4431 grms. of water at 22° dissolve onegrm.ot
pure aconitine (Dunstan a. Umney, C. J. 61,385).
The aqueous solution is alkaline to litnrus. M,p.
183-184° (W. a. L.) ; 188-4° cor. (D.a.I.). Deitro-
rotatory; in alcoholic solution [a]D= +11°. Sait
lsevorotatory (D. a. I.).

Aconitine shows no distinctive colour réac¬

tions. Commercial specimens of aconitine raiy
much in composition, most of them being highly
impure and non-crystalline. These contain, te-
sides aconitine, the amorphous alkaloids isaconi¬
tine and aconine (Dunstan and Carr, C. J. KM-

Aconitine is a most powerful poison. The
poisonous dose is doubtful, as it is unceitaia
whether careful experiments have ever been
made with a perfectly pure substance. Betna
Jjç and Aj of a grain has been reeorded as a fatal
liuman dose. Minute quantifies of the alkaloit
preferably in solution, when locally appliei
produce a charaeteristic tingling and numbuc;;
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of the tongue and lips. Tliis effect is so pro-
nounced that it may be utilised in the détection
of the alkaloid (Dunstan a. Harrison, C. J. 1893).

The ordinary salts of aconitine crystallise
well. The hydrobromide ËHBr,2|H20 is laevo-
rotatory [a]D = — 30'47° ; m.p. 163° cor. (D. a. U.).
The hydriodide is crystalline, and sparingly solu-
ble in water. It is thrown down as a crystalline
precipitate when potassium iodide and acetic
acid are added to the not too dilute solution of
an aconitine sait. The aurichloride BHAuCl,
is thrown down as a pale-yellow amorphous pre¬
cipitate frorn solutions of the hydrochloride and
auric chloride. It dissolves readily in alcohol
and in chloroform, from which solutions it may
be crystallised. M.p. 135-5° cor. (D. a. I.). The
auric chloride compound (B.AuCl3) separates in
crystals when alcoholie solutions of aconitine
and auric chloride are mixed. M.p. 129° cor.
(D. a. I.).

Réactions.—Aconitine is not altered at 100°,
but when heated until it melts and kept for some
time at this température it is gradually deeom-
posed. Slowly hydrolysed by prolonged boiling
with large quantities of water (D. a. I.). When
heated in a closed tube for some hours at 140°,
it is resolved by hydrolysis into aeonine and
benzoic acid

C31H,sN012+H20 = C26H41NOn + C;H602.
This reaction may be reversed, with formation
of anhydro-aconitine, by heating aeonine with
ethyl benzoate (D. a. P.). More rapidly hydro¬
lysed by alcoholie and aqueous alkalis even when
cold, and also by minerai acids, both strong and
dilute, especially when warm. When acids are
used, dehydration simultaneously ocours, and
some apo- or anhydro-aconitine is formed.
Heated with acetic or benzoic anhydride, aconi¬
tine fumishes the acetyl or benzoyl derivative of
anhydro- or apo- aconitine.

Détection and estimation.—When appréciable
quantities of aconitine are obtainable, it may be
identified by its melting-point and other proper-
ties, and those of its salts. The détection of
very minute quantities, as in toxicology, is a
matter of very considérable difficulty, and cannot
at présent be accomplished by chemical means.
lu these cases the characteristic physiological
action is relied on (v. Stevenson, Guyrs Hospital
Eeports [3] 26, 307). For the estimation of
aconitine, Wright has proposed to hydrolyse the
alkaloid with alcoholie potash, and then to iso-
late and weigh the resulting benzoic acid. This
method is only applicable when it is certain that
no other alkaloid yielding benzoic or other simi-
lar acid is présent. For this reason it cannot
be applied for the estimation of aconitine in the
total alkaloids obtained from the plant, since
benzoic acid is also yielded by isaconitine.

Anhydro- or apo- aconitine C33H43NOM, the
anhydride of aconitine, is the first product of the
action of dilute minerai acids on aconitine. Its
composition differs from that of aconitine by the
absence of one molecular proportion of water.
It is best prepared by heating aconitine with a
saturated solution of tartaric acid in a closed
tube at 100-110° for some hours (W. a. L.).
When this acid is used, the aconitine does not
suïer hydrolysis. The alkaloid is recovered
from the liquid after the addition of ammonia
in excess, by agitating with ether.

Properties. — Crystalline alkaloid forming-
crystalline salts,m.p. 185-186° (W. a. L.), 186-5°
(cor.) (D. a. I.). The aurichloride (B.HAuCl4)
is prepared by précipitation as a pale-yellow
amorphous substance, which may be crystallised
from its solution in absolute alcohol ; m.p. 141°.
When water as well as alcohol is présent the-
crystalline hydrated sait (B.AuCl3,H20) is
obtained ; m.p. 129°. This sait is isomeric with
aconitine aurochloride, into which it readily
changes. The crystalline auric chloride compound'
(B.AuCl.)) is obtained when alcoholie solutions,
of gold chloride and anhydro-aconitine are
mixed ; m.p. 147'5° (cor.) (D. a. I.). The physio¬
logical action of anhydro-aconitine appears to-
be quite as powerful as that of aconitine.

Aeonine C2,H41NOn or CaHmNOn, the basie
product of the hydrolysis of aconitine and isaco¬
nitine. An amorphous friable mass which forms.
salts which crystallise with difficulty (D. a. P.).
lleadily soluble in water, alcohol, and chloroform,.
but insoluble in ether (W. a. L.). The aurichlor¬
ide (B.HAuClJ is a pale-yellow precipitate which
cannot be crystallised. Aeonine is dextrorota-
tory, and its salts lœvorotatory (D. a. P.). When-
heated with acids, aeonine loses the elements of
a molecule of water and yields anhydro-aconine,.
which is likewise an amorphous base. Benzoic-
anhydride couverts aeonine into a dibenzoyl de¬
rivative, probably identical with the benzoyl-
anhydro-aconitine obtained by the action of the-
same reagent on aconitine (W. a. L.). Little is-
known as to the chemical structure of aconine-
On oxidation it furnishes oxalic acid. When.
heated with ethyl benzoate in a closed tube it is
converted into anhydro-aconitine (D. a. P.). It
does not seem to be poisonous. Aeonine occurs-
in small quantity in the roots of A. Napellus-
(D. a. U.).

Isaconitine and its salts are intensely bitter,.
but, unlike aconitine, produce no tingling sensa¬
tion on the tongue, and are not poisonous in
small doses (Dunstan a. Harrison, C. J. 63)..
Isaconitine C33H15N012is isomeric with aconitine,
and occurs to about the same extent as the-
alkaloid in the roots of A. Napellus.

Properties.—Amorphous friable resin form¬
ing crystalline salts. Tlie base is dextrorotatory
the salts lœvorotatory. When hydrolysed it fur¬
nishes, like aconitine, aeonine and benzoic acid.
By réaction with auric chloride forms aurochlor-
isaconitine in colourless crystals, melting at.
209° ; is thus distinguished from aconitine, which
yields an aurichloride.

Picraconitine C3,H45NO10(?). It is almost-
certain that this alkaloid does not exist in A.
Napellus. It was obtained by T. B. Groves from-
a collection of roots stated to be those of A-
Napellus, and was examined by Wright (C. J.
31, 143). It could not be obtained by Wright,
from other specimens, and was not found by
Dunstan and Umney in the roots of specially
grown plants. It is stated to be an uncrystallis-
able base, having a very bitter taste. It readily
forms crystalline salts, and undergoes hydrolysis
when it is heated with alkalis yielding benzoic-
acid and picraconine (C24H41NO„), an amorphous.
base closely resembling aeonine.

Pseudaconitine C3BH4sN012, the principal
alkaloid of A. ferox, the so-called ' bish ' or
Indian aconite. The roots of this plant eontain-
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about *2 p.c. o£ this alkaloid, togetlier with
amorphous bases, about which little or nothing
is known. It closely resembles aeouitine in its
principal physical and chemical properties, and
also in its physiologieal action, being at least as
toxic. It may be extracted from the plant by
processes similar to those described for aconitine.

Properties.—Crystals containing one mol.
prop. of water, m.p. 101-105°. Nearly insoluble
in water, soluble in aleohol, ether, and chloro-
lorm. The ordinary salts crystallise with difii-
culty, the nitrate (B.HN03,3H20) most readily.
The aurichloride (B.HAuC14) may be crystallised
from aleohol (Wright a. Luff, C. J. 33, 151, 318).

Réactions.—Hydrolysed by alcoholic potash,
or less readily by minerai acids, with production
of a base pseudaconine and di-methyl-proto-
catechuic acid (veratric acid) C36H48NO,., + H20
= C2!N4,NOb + C9H1(l04. Acetic or benzoic anhy¬
drides convert pseudaconitine into acetyl or
benzoyl derivatives of anhydro-pseudaconitine.

Anhydro-pseudaconitine C36H4INOM is pro-
duced like the anhydride of aconitine when the
alkaloid is heated with acids. It crystallises
with 1H.O, and melts at 102-103° (W. a. L.).

Pseudaconine C.2!H4]N09 the basic product
■of the hydrolysis of pseudaconitine. It resembles
aconine in many respects, but differs from it in
■crystallising, although with difficulty. Its salts
are amorphous. The free base is alkaline, and
acts as a reducing agent on salts of silver,
platinum, gold, &c. When strongly heated
with alcoholic soda it loses a molecule of water,
and becomes anhydro-pseudaconine C.,.H3aN08
(W. a. L.).

Japaconitine CMHS8N2021, the principal alka¬
loid of Japanese aconite root, sometimes called
Aconitum japonicum, although the botanical
•origin of the Japanese roots is unknown. It
may be separated from the root, which also con-
tains amorphous alkaloids, by the proeess of ex¬
traction described for aconitine. About -1 per
■cent, appears to be présent (Wright a. Luff,
C. J. 35, 387). Lubbe (C. C. 1890, ii. 148) has

■obtained from the Japanese plant 'kusa-uzu'
an alkaloid which he considers to be identical
with aconitine, and represents by the formula
c33h44no12(?).

Properties.—Crystals, m.p. 184-186°. Nearly
insoluble in water, soluble in aleohol, ether, and
■chloroform. Like aconitine, and unlike pseud¬
aconitine, its ordinarv salts readily crystallise.

Reactions.—Japaconitine dilïers from both
aconitine and pseudaconitine in not furnishing
an anhydride when it is heated with acids.
The action of alcoholic potash on japaconitine
in a closed tube at 100° leads to its hydrolysis,
with formation of benzoic acid and japaconinc,
a base which has much in comrnon with aconine.
Japaconine and its salts are amorphous. By
the action of benzoic anhydride it yields a
tetrabenzoyl derivative, and in this respect
■dilïers from aconine and pseudaconine, which
furnish onlv dibenzoyl derivatives. Wright a.
Luff suggest that as japaconitine does not form
.an anhydride, it may itself be an anhydro- com-
pound resulting from the condensation of two
molécules of a hypothetieal alkaloid having the
formula C33H47NO,„, thus

2C3,H4,NO,; = 3H..0 + C86H88N2021.
•Such a base could not, however, be found in the

roots. Japaconitine exerts a physiologieal action
very similar to that of aconitine, and seems to
be equally poisonous. Indeed, the différences in
physiologieal action which might be expected to
resuit from the différent composition of aconitine
pseudaconitine, and japaconitine have not yet
been demonstrated. At présent we only know
that the main efîect is the same in the three
cases, and that the removal of the benzoyl or
veratryl groups from these alkaloids furnishes
a base (aconine, pseudaconine, or japaconine)
which fails to exert the characteristic physio¬
logieal action, and, in fact, is not poisonous.

Lycaconitine C,;H34N206,2H20 and Myocton-
ine C2JHMN208,5H20 are "two little-known amor¬
phous alkaloids contained in A. lycoctonum
(Dragendorff a. Spohn,P. Z. 23).

Adenine v. Caffeine.
Arecaïne C7HnN02 occurs in areea nuts

(Areca Catecliu) ; crystals; m.p. 213°, Easily
soluble in water, insoluble in absolute aleohol,
ether, chloroform, and benzene. A feeblemon-
acidic base, whose salts are crystalline. It is not
poisonous.

Arecoline CsH13N02 is the poisonous alka¬
loid of areca nuts. It is a strong base, which
forms crystalline salts very soluble in water.
Arecoline is a powerful poison. When it is
heated with hydriodic acid, methyl iodide is
formed, together with arecaïdine (C-H^NO), an
isomeride of arecaïne, which is also found in
areca nuts. Guvacine C„H9N02 is a fourth
alkaloid contained in the areca nuts (Jahns, B.
21, 3404; 23, 2972 ; 24, 2615).

Aricine C,3H2(iN204 is an alkaloid found in
cuseo bark and cuprea bark, which originale
with plants closely allied to the cinchonas.
Crystals, m.p. 188° ; lœvorotatory in alcoholic
solution, [a]D = — 58T8°. The salts are crystal¬
line, and dextrorotatory (Hesse, A. 185, 320;
Moissan a. Landrin, C. B. 110, 469).

Aspidospermine C22H30N,O and Aspidosper-
matine C22H2sN202 are two of a number of alka¬
loids found in quebracho bark (Aspidcspemi
quebracho) (Fraude, B. 11, 2190 ; 12, 1500;
Hesse, A. 211, 249).

Atropine and the Solanaceous alkaloids r.
also Datura Stramonium.

Atropine C,jH23N03, the chief alkaloid con¬
tained in Atropa Belladonna and in Datura Stra¬
monium. First obtained by Mein in 1886 (A,
6, 67). Daturine, the supposed alkaloid of
Datura Stramonium, has been shown by Laden-
burg (B. 13, 909) to be a mixture of hyoscyamine
and atropine. The isomeric alkaloid, hyoscy¬
amine, is often found with atropine in plants.

Préparation.—Many processes have been
suggested for isolating atropine from the leaves
and root of Atropa Belladonna, and from the
seeds of Datura Stramonium. The simplest is
that suggested by Pesci (Gazzetta, 10,426), whick
was originally proposed for the leaves, but with
certain modifications it can also be applicd ioi
the extraction of the alkaloid from the root and
seeds.

The finely powdered substance is exhausted
by percolation with water, which dissolves the
alkaloidal salts. The aqueous solution isevi-
porated to a small volume, and made alkaline
with ammonia. It is then extracted with benz¬
ene, which dissolves the alkaloids. The benz-
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ene is shaken with very dilute sulphurie acid,
when the alkaloids pass as sulphates out of the
benzene into tlie aqueous layer, any resin, fat,
i'C., remaining dissolved in the benzene. The
acid liquid is now made alkaline with sodium
carbonate, and the alkaloid removed by shaking
with chloroform. The chloroform when evapo-
rated leaves a residue of the total alkaloids
(atropine, hyoscyamine, &c.), or if light petro-
leum is added to the solution in chloroform, the
gveater part of the atropine crystallises out,
Ieaving the other alkaloids dissolved. It is
safer to use ammonia than sodium carbonate to
liberate the alkaloid from the acid solution, and
when the root or seeds are being worked upon,
itis better to exhaust with alcohol instead of
water ; the alcohol is distilled, the residue ex-
tracted with water, and the aqueous liquid dealt
with as above described.

Ladenburg (A. 206, 274) finally purifies
atropine by repeatedly crystallising it from
dilute alcohol (50 p.c.) in which the other
alkaloids, especially hyoscyamine, are more
soluble.

The amount of atropine contained in the
différent parts of the belladonna plant varies
with its growth. The maximum quantity is
found in the root collected in autumn (-2--4 p.c.).
The ripe fruit may contain as much as 1 p.c.
(Schiitte, Ar. Ph. 229, 492). Stramonium seeds
contain rather less than -5 p.c. of alkaloid
(Schmidt, A. 208, 196). Giinther (Vierteljalir-
schrift f. Pharmacie, 19, 598) has estimated the
quantity of atropine in the différent parts of
Atropa Belladonna with the following resuîts :
Leaves, -2 p.c. ; stem, -04 p.c. ; unripe fruit,
•19 p.c. ; ripe fruit, -21 p.c. ; seeds, '33 p.c. ;
root, -06 p.c. In Datura Stramonium the same
observer found in the leaves '07 p.c. ; stem, -02
p.c.; seeds, -25 p.c. ; root, -02 p.c.

Dunstan and Eansom (Ph. [3] 14, 023) found
•22 p.c. of total alkaloids in the dry leaves of
Atropa Belladonna, and *38, -35, and -39 p.c. in
différent specimens of the dry root.

Properties.—Prismatic crystals ; m.p. 114°
(Ladenburg, A. 206, 274), 115-5° (Hesse, A. 271,
100). Beadily soluble in alcohol and chloro¬
form, less soluble in ether and hot water, spa-
l'ingly soluble in cold water. The aqueous solu¬
tion is alkaline to litmus, and has a very bitter
taste. Atropine is optically inaetive (Laden¬
burg, B. 21, 3065). Lœvorotatory [a]D = —1-89
(Will, B. 21,1717,2777) ; 0]D = - 0-4° in alcohol
(Hesse, A. 271, 100). The alkaloid is best crys-
tallised from its solution in weak alcohol. It is
slightly volatile with steam (Dragendorff). One
of the most remarkable properties of atropine is
that of causing dilatation of the pupil of the eye,
a property which is often made use of in detect-
ing it and other alkaloids of this group, several
of which exert this mydriatic action. A drop or
two of an aqueous solution, containing 1 part of
atropine in 130,000 parts of water, when intro-
duced into the eye of a cat is sufficient to pro¬
duce this effect. ÏVhen taken internally atropine
is highly poisonous ; some of the alkaloid is
apparently excreted unchanged in the urine.

The ordinary salts of atropine are crystal-
line and soluble in water. The aurichloride

(B.HAuC14) appears as an oily precipitate when
produced in the ordinary manner. This soon

solidifies to a crystalline mass, which may be
recrystallised from water acidulated with hydro-
chloric acid. The crystals melt at 135°, or
below 100° when heated under water (Laden¬
burg, A. 206, 274) ; near 138° (Hesse, A. 271,
100). This sait is well adapted for the identifica¬
tion of the alkaloid, since the aurichlorides of
the other alkaloids of this group melt at différent
températures.

Réactions and constitution. — Among the
characteristie qualitative reactions of atropine
may be mentioned the production of an odour
of héliotrope or of bitter almond oil, when a
solution of the alkaloid is warmed with sulphu-
ric acid and a fragment of potassium bichrom¬
ate or permanganate. When the alkaloid is
evaporated to dryness with a few drops of fuming
nitric acid a residue is obtained which turns.
violet (changing to red) when it is moistened
with alcoholie potash (Vitali, Fr. 1881, 563).
Many alkaloids form white insoluble compounds
with mercuric chloride, but when a dilute alco¬
holie solution of mercuric chloride is added to
a solution of atropine (not a sait) and the mix¬
ture is warmed, a yellowish-red precipitate of
mercuric oxide is thrown down, and after a time
a colourless crystalline double sait separates
from the solution (Gerrard, Ph. [3] 14, 718).

Atropine is capable of yielding an anhydride
(apo-atropine) when heated with dilute nitric
acid. It readily undergoes hydrolysis when
warmed with alkalis or strong acids. By heating
it with concentrated hydrochloric acid in a
closed tube at 130°, or with baryta-water at 60°,
it is completely resolved into the base tropinc
(CsH,5NO) and tropic acid (phenyl-hydroxy-
propionic acid)

C17H,3N03 + H.,0 = CsH13NO + C„H,„03.
At higher températures than these, or after pro-
longed heating, the tropic acid suffers dehydra-
tion, forming, when alkalis are used, atropic
acid (C„H802), or in presence of acids, the iso-
meric isatropic acid.

Tropine CsH,5NO forms crystals which melt
at 61-2°, producing a liquid which boils at 229°.
The crystals are soluble in water, alcohol, and
ether. Tropine is a strong base, which forms
crystalline salts. It is poisonous, but does not
dilate the pupil of the eye. When tropine and
tropic acid are mixed they unité to form the
tropate of tropine (CsH15NO.C,,H10O.,), and this
sait, when heated with dilute hydrochloric acid,
loses water and furnishes atropine, identical
with the natural alkaloid (Ladenburg, A. 217, 74).
Similarly, by heating other organic salts of tro¬
pine with dilute hydrochloric acid, dehydration
occurs, with production of the acid derivative of
tropine. The bases thus formed by introducing
acid radicles into the molecule of tropine have
been called by Ladenburg tropeïnes. Several of
the tropeïnes exert a mydriatic action. The
plicnyl-ylycollic tropeïne (C,„H21NO;i) has been
used in surgery under the name of homatropine.
Its mydriatic effect is less persistent than that
of atropine (Ladenburg, A. 217, 74). It appears
that only those tropeïnes produce a mydriatic
effect which contain an alcoholie (not phenolie)
hydroxyl in the acid group.

When tropine is heated with sulphuric acid
it loses water, and gives rise to a new base
tropidine (CSH13N), which is an oily liquid.
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-smelling like conine, b.p. 102-163°. This base
bas been shown by Ladenburg to be the ethylene
(or ethylidene) methyl derivative of tetrahydro-
pyridine C5H8(C.2H,)N.CH3 (B. 15,1140 ; 23,1780).
Tropine is the hydroxy- derivative o£ this sub¬
stance, the hydroxyl being in union with the
■ethylene or ethylidene group. Hence the pro¬
bable formula for tropine is C5H,(C.,H4OH)N.CH3,
which represents it as the hydroxy-ethyl methyl
■derivative of tetrahydropyridine. Atropine is
the tropyl-tropeïne of this base,

CSH;C2H40(C„H„02)N.CH3.
Ladenburg (B. 22, 2590) has recently pré¬

paré! two optically active tropic acids (the
•ordinary variety is inactive). From the reaction
■of dextro- tropic acid and tropine he has formed
•a dextrorotatory atropine, whilst the laavo-
rotatory tropic acid has furnished a lœvo- atropine.
Xhese bases resemble natural atropine in many
respects, but difïer, not only in being optically
■active, but also in their melting-points and those
■of their aurichlorides. Although the constitu¬
tion of atropine has been ascertained, its com¬
plété synthesis has not yet been achieved.

Détection and estimation of atropine.—Atro¬
pine may be detected by means of the reactions
referred to above, after it has been isolated in a

fairly pure state. Proof of its identity is most
readily obtained by means of détermination of
the melting-point of its recrystallised auri-
•chloride.

For the accurate estimation of atropine and
hyoscyamine in plants, and in médicinal prépara¬
tions made from them, Dunstan and Bansom
liave devised the following methods (Ph. [3] 14,
023 ; 16, 237, 238, 777).

For the root. Exhaust by hot percolation
20 grms. of the finely-powdered root with a
mixture of equal parts of chloroform and abso-
.lute alcohol, which readily' dissolves the alka-
loidal salts. Agitate the solution with 25 c.c. of
water, when the salts pass into the aqueous
layer, and the resin, fat, colouring matter, &c.,
remain dissolved in the chloroform. Bepeat
this extraction with water. Wash the 50 c.c. of
water with a little pure chloroform to remove
adhering impurity, then add ammonia in slight
excess, and dissolve out the liberated alkaloids
by agitation with chloroform in the usual way.
The residue of alkaloid left on the evaporation
of the chloroform is dried at 100° and weighed
(Ph. [3] 14, 623).

For tlie leaves. Twenty grms. of the finely-
powdered dry leaves are exhausted with absolute
alcohol. The liquid is largely diluted with
water, acidulated with hydrochloric acid, and
repeatedly extracted by agitation with chloro¬
form until the whole of the chlorophyll, fat, <Src.,
has been removed. The liquid is then made
alkaline with ammonia and extracted with
■chloroform, which, on evaporation, leaves a
residue of alkaloid. This must be dried at 100°
before being weighed (Ph. [3] 16, 237).

For the alcoholic extract of the leaves. From
1 to 2 grms. of the extract are dissolved, as far
as possible, in warm dilute hydrochloric acid,
any residue being extracted with the dilute acid
until ail the alkaloid has been dissolved. The
acid liquid is then extracted with chloroform
until nothing further is removed, and, after this
treatment, is made alkaline with ammonia and

the free alkaloid removed by agitating again
with chloroform, which on evaporation leaves a
residue of alkaloid that is dried at 100° and
weighed (Ph. [3] 16, 238).

For the alcoholic extract of the root. Two
grms. of this extract are dissolved as far as
possible in dilute hydrochloric acid. Tbe acid
liquid is then dealt with in the manner described
in connection with the estimation of the alka¬
loids in the extract of the leaves (Ph. [3] 16,777).

Hyoscyamine Cl7H23N03. An isomeride of
atropine, with which it occurs in Atropa Bille-
donna and in Datura Stramonium (Ladenburg,
B. 13, 909 ; Schmidt, A. 208, 196). It is also
présent in henbane, Hyoscyamus nigcr, in
Duboisia myoporoides (Ladenburg a. Peterson,
B. 20, 1661), the so-called ' duboisine ' being a
mixture of this alkaloid with hyoscine; in
Scopola carniolica (Dunstan a. Chaston, Th.
[3] 20, '461), in Scopola Hladnikiana and S.
japonica (Schmidt, Ar. Ph. [3] 26, 185, 211),
and in other similar plants ; also in lettuce,
Lactuca virosa and L. sativa (Dymond, C. J. 61,
90). Evidence has been recorded which seems
to show that sometimes both atropine and hyos¬
cyamine, and at other times only one of these
alkaloids, may be présent in the same plant at
différent stages of its growth, hyoscyamine being
found in the young plant and atropine chiefly
in old roots (Siebert, Ar. Ph. [3] 28, 145;
Schiitte, Ar. Ph. 229,492). The leaves and root
of Hyoscyamus niger contain, as a rule, about
•2 p.c. of this alkaloid. Hyoscyamine is some¬
times eommercially called ' light atropine.' The
pure alkaloid is very rarely, if ever, met with in
commerce, being nearly always contaminated
with atropine or hyoscine.

Préparation.—Hyoscyaminemaybe extracted
from the various plants containing it by means
of the proeess described for atropine. Ammonia
should be used to liberate the alkaloid, and not
fixed alkalis or their carbonates. When atropine
and hyoscine are also présent in the plant these
alkaloids are obtained with the hyoscyamine.
The isolation of pure hyoscyamine from tbe
mixture of the alkaloids is a difficult opération.
The greater part of the atropine may be removed
by repeated crystallisation from dilute alcohol,
the hyoscyamine for the most part remaining
dissolved. The isolation of perfectly pure hyos¬
cyamine can only be certainly aeeomplished by
converting the alkaloid into the aurichlorideand
repeatedly crystallising this sait from dilnte
hydrochloric acid until it melts at the proper
température. The alkaloid may be regenerated
from the aurichloride by decomposing it with
hydrogen sulphide in the usual manner.

Propertics.—Long, silky crystals ; m.p. 108'â1
(Ladenburg, A. 206, 274) ; lœvorotatory
[a]D= —14'5° (Ladenburg), [a]D= —20'97° (Will,
B. 21, 1717); [«]„= -20-3° (Hesse, A. 271,
100). Beadily soluble in benzene, chloroform,
and alcohol, less readily in ether and cold
water. When heated the alkaloid sublimes, with
partial décomposition, and it is said to be
slightly volatile with steam. When hyoscy¬
amine is heated to a température slightly higher
than its melting-point, it is converted into
atropine (Schmidt, B. 21, 1829). This conver¬
sion also takes place with great facility when
hyoscyamine is warmed, or even allowed to

IRIS - LILLIAD - Université Lille 1



VEGETO-ALKALOIDS. 911

stand in the cold, with fixed alkalis and alkali
carbonates, but it only takes place extremely
slowly in présence of aramonia (Will, B. 21,
1717, 2777). The atropine thus produced is
stated by Will to be slightjy lœvorotatory,
[o]d=-1-98. Ladenburg bas, however, ques-
lionedthe accuracy o£ the statement, asserting
that atropine, when pure, is inactive. Hyoscy-
amine exerts a strong mydriatic action, and is a
powerful poison.

Many of the ordinary salts of hyoscyamine
are crystalline and solnble in water. The
sulphate (BJELSOJ crystallises well from alcohol
and melts "at "206° (Will, B. 21, 1717). The
aurichloride (B.HAuCl,) is best crystallised
from dilute hvdroehlorie acid. It melts at
159-160° (Ladenburg, Z.c.) ; 162° (Will, Z.c.),
159° (Hesse, l.c.), but, unlike atropine aurichlor¬
ide, it does not nrelt when heated under water.
This sait is less soluble in acidulated water than
atropine aurochloride, from which it may be
separated by repeated crystallisation.

Réactions. — The qualitative réactions of
hyoscyamine are, for the most part, identical
with those of atropine. When heated with
acids or alkalis, like atropine it undergoes hy-
drolysis into tropine and tropic acid. On re-
rersing this reaction by heating together the
tropine and tropic acid, atropine and not hyos¬
cyamine is formed. It is, indeed, probable that
the hyoscyamine is in the first place convertecl
by these reagents into atropine, and that it is
really this alkaloid which is hydrolysed.

Détection and estimation. — Hyoscyamine
may he detected by its mydriatic action and by
most of the reactions described under atropine.
Its partial séparation from atropine may be
effected by recrystallisation from dilute alcohol,
bat it can only be completely separated and
identified by preparing its aurichloride, which
is characterised by its melting-point (for détails
ofthismethod of séparations.Dunstan a. Chas-
ton, Ph. [3] 20, 461).

For the estimation of hyoscyamine in plants
and in médicinal préparations the methods
described for atropine are applicable. (For an
optical method v. Hesse, Z.c.)

Hyoscine C,;HMN03, the second isomeride of
atropine, with which it occurs in henbane and
in other plants. It constitutes the greater part
of the ' amorphous hyoscyamine ' of commerce.

Préparation.—The total alkaloid is separated
from the plant by the method described for
atropine. The hyoscine remains in the alcoholic
solution when the atropine and hyoscyamine
bave crystallised out. The hyoscine is com¬
pletely purified by conversion into the auri¬
chloride, which is crystallised until it has the
proper melting-point, the alkaloid being regene-
rated in the usual way.

Properties.—Colourless syrup, not crystallis-
able. Soluble in alcohol and ether, slightly
soluble in water (Ladenburg, B. 13, 909, 1549 ;
14,1870). Hard transparent resin melts near
55°, forming a mobile liquid. In alcoholic solu¬
tion detrorotatory [a]D= —13-7° ; the rotation is
much diminished by addition of soda (Hesse).
Its mydriatic power is stated to be greater than
that of atropine. The ordinary salts of hyoscine
are crystalline. The hydriodide_ Il.HI,11.0 is
lœvorotatory. The hydrobromide B.HBr3H20 is

dextrorotatory. In water [a]n= —22-5° (Hesse).
The aurichloride (B.HAuClj is less soluble than
the corresponding hyoscyamine compound. It
crystallises well from dilute hydrochloric acid ;
m.p. 198° (Ladenburg, l.c.).

Reactions.— Hyoscine for the most part reacts
like atropine and hyoscyamine, but it does not
precipitate mercuric oxide from mercuric chlor-
ide. When hydrolysed by acids or alkalis it
yields tropic acid and pseudo-tropine, an iso¬
meride of tropine, which melts at 106°. When
this reaction is reversed, an isomeride of hyoscine
is obtained (Liebermann and Limpach, B. 25,
927).

Détection and estimation. — Hyoscine is
readily clistinguished from its isomerides by the
higher melting-point (198°) of its aurichloride.
At présent the repeated recrystallisation of this
sait, until it has the proper melting-point, is the
only known method of purifying the alkaloid.
No aceurate process of estimation has yet been
devised.

According to Schmidt (Ar. Ph. 230, 207)
hyoscine is at présent unknown. Commercial
hyoscine chiefly consists of an alkaloid scopola-
mine C,;H2,NOj, which crystallises when pure
and furnishes crystalline salts. On hydrolysis
it furnishes a new base scopoline and atropic
acid. The same alkaloid has been obtained
from belladonna, hyoscyamine, and other solana-
ceous plants (v. also Hesse, 271, 100).

Belladonnine C^H^NO,? This alkaloid is
stated to occur in the leaves and root of Atropa
Belladonna (Kraut, B. 13, 165 ; Diirkopf, B.
22, 3183 ; Hesse, A. 262, 100). According to
Merling (B. 17, 381),it has the formula C17H21N02,
and is isomeric with anhydro-atropine, but
Ladenburg and Iloth (B. 17, 152) assert that it
is an oxy-atropine (C^H^NO,). Belladonnine
is a resinous uncrystallisable base, which is
hydrolysed with much greater diffieulty than the
other atropaceous alkaloids, yielding oxytropine
(C,H,5NO,) and tropic acid. It appears to be
devoid of mydriatic power.

Closely resembling belladonnine is the new
alkaloid recently obtained from the root of
A. Belladonna, and described by Hesse (A. 261,
87 ; 262, 100) under the name of atropamine

(C17H2,N0,).
It is an amorphous solid, melting at 60°, and
furnishing crystalline salts. The alkaloid is
optically inaotive, and does not dilate the pupil.
When hydrolysed with strong hydrochloric acid
it yields B-tropine and atropic acid. Atropamine
may possibly be anhydro-hyoscine. Acids are
said to convert it into the belladonnine of Mer¬
ling.

Both belladonnine and atropamine require
further examination.

Bebeerine v. Buxine.

Berberine and the Berberis Alkaloids.

Berberine C2uH,7N04 is eontained in various
speeies of Berberis, especially in Berberis vulgaris
(barberry) together with oxyacanthine in Galumba
root, in Hydrastis canadensis, together with
hydrastine in Coptis tecta, which contains as
much as 8 p.e., and in a large number of other
plants.

Préparation.—The best available materials
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from which to extract berberine are the root of
Hydrastis canadensis, which contains about
4 p.c. of the alkaloid, and the root of Berberis
vulgaris. The finely powdered hydrastis root is
exhausted with alcohol, the greater part of the
alcohol removed by distillation, and the alkaloid
converted into sulphate or nitrate by the addi¬
tion of sufficient dilute sulphuric acid or nitric
acid. The berberine sait which separates is
collected, washed, and the alkaloid liberated by
the addition of arnmonia. The precipitated
alkaloid is again converted into the nitrate or
sulphate, and the alkaloid regenerated by
ammonia. The berberine is finally crystallised
from water or alcohol. In this process the
hydrastine sait being more soluble, is not pre¬
cipitated (Lloyd, Ph. 3, 10, 125 ; Perrins, C. J.
15, 339).

Barberry root is exhausted with boiling water,
the liquid evaporated to a small volume, and the
berberine precipitated from it by adding strong
alcohol. The yellow precipitate of alkaloid is
purified by crystallisation from water or alcohol,
or, better, by converting it into the sulphate,
which is repeatedly crystallised (Buchner, A.
24, 228).

Properties.—Long, silky,yellow, needle-shaped
crystals. Crystallised from water the substance
contains 5|H20 ; dried at 100° the crystals re¬
tain 2JH20 (Perkin, C. J. 55, 03) ; m.p. 120°
(Fleitmann, A. 59, 160). Décomposés before
melting (Perkin, l.c.). Slightly soluble in cold
water and alcohol, but freely soluble in the hot
liquids ; slightly soluble in benzene and chloro-
form ; insoluble in ether and light petroleum.
Its aqueous solution is neutral to litmus, opti-
cally inactive, and has a bitter taste. The
alkaloid is not poisonous to man, and is medi-
cinally used, like préparations of the plants con-
taining it, as a tonie. The ordinary salts of
berberine erystallise well, and are of a yellow or
red colour. They are sparingly soluble in water,
espeeially in presenee of minerai acids and salts.
For the properties of the salts see the papers
above referred to, and also Hlasiwetz, A. Suppl.
2, 191 ; Schmidt a. Kerstein, Ar. Ph. [3] 28, 49.

Reactions.—Alkalis colour berberine brown.
On adding excess of hydrochlorie, or sulphuric,
or nitric acids to a solution of berberine the
salts separate as yellow crystalline précipitâtes.
Chlorine water added to a solution of the hydro-
chloride produces abright-red colouration, which
is seen in very dilute solutions.

Berberine is not decomposed by aqueous acids
or alkalis. When distilled with alkali it furnishes
quinoline (? iso-quinoline). On réduction with
métal and acid a crystalline tetra-hydride

(C20H21N04)
is formed (Hlasiwetz a. Gilm, A. 115, 45 ; 122,
256 et l.c. supra). On oxidation with alkaline
permanganate berberine yields principally hemi-
pinicacid (C10HloO6), which is also obtained by
oxidising narcotine. This dibasic acid furnishes
protocateehuic acid when fused with alkali, and
contains two methoxyl groups (Perkin, l.c.).
Berberal (C20H17NO7) and berberilic acid

(C20H,„NO9),
two iso-quinoline derivatives, are also products
of the oxidation of berberine. A thorough exami-
nation of its oxidation products has led to the
conclusion that berberine contains a nucleus of

iso-quinoline, to which is attaehed a benzene
ring bearing two methoxyl groups. Berberine is
therefore closely allied to hydrastine, which occurs
with it in Hydrastis canadensis, and also to the
two opium alkaloids, papaverine and narcotine,
ail of which appear to be benzene derivatives
of iso-quinoline (Perkin, C. J. 57, 992).

Hydrastine C21H21N06, an alkaloid occurrin»,
together with berberine, in the root of Hydrastis
canadensis to the extent of about 1 p.c.

Préparation.—Hydrastine may be isolated
from the mother-liquid from which the berberine
sait has crystallised (v. supra). This is largely
diluted with water, and almost neutralised with
ammonia. On evaporation, ammonium sulphate,
resin, &c., separate out ; these are removed, and
thehydrastine precipitatedfrom the coldliquidby
ammonia. The coloured precipitate is dissolved
in alcohol, and the colouring matter removed by
digestion with animal eharcoal ; the alkaloid
crystallises from the concentrated solution. In
order to purify it, the hydrastine is repeatedly
crystallised from alcohol.

According to Freund and Will (B. 19,2791),
hydrastine is most readily obtained by perco-
lating finely-powdered hydrastis root with ether,
and crystallising the ethereal residue from
alcohol.

Properties.—Colourless, prismatic crystals;
m.p. 132°. Insoluble in water ; readily soluble
in chloroform and benzene ; less soluble in ether
and alcohol. The alcoholic solution is alkaline
to litmus and lœvorotatory ; in chloroform
[o]D= -67-8°.

The ordinary salts of hydrastine are soluble
in water, but do not erystallise. They are
poisonous to animais (Perrins, Ph. [2] 3, 546;
Mahla, Am. S. 36,57 ; Lloyd, Proc. Am. Pharm.
Assoc. 26, 805; Power, Ph. [3] 15,297; 16,1092;
Schmidt a. Kerstein, Ar. Ph. [3] 28, 49).

Reactions.—When chlorine water is added to
an aqueous solution of hydrastine hydrochloride.
a blue fluorescence is observed. Potassinm
chromate forms a yellow precipitate in solu¬
tions of hydrastine salts. For other colour
reactions of hydrastine, v. Lyons, Ph. [3] 16,880.

The principal product of the oxidation of
hydrastine is opianic acid

(C10H10O5 or CfiH2(CHO)(OCH:,)2C02H),
which also results from the oxidation of nar¬

cotine, to which hydrastine bears a great resem-
blance ; by further oxidation, opianic acid yields
hemipinic acid (C6H2(OCH,).,(C02H),,). Wbe»
nitric acid is used to oxidise hydrastine, a ne»
base, hydrastinine CnH]3NO„ is also formed:

Os.Hj.NO, + H20 + O = C10Hl0O5 + C„H1;,N0,.
This substance is a derivative of pyrocatechol,
and closely resembles cotarnine obtained under
similar conditions from the opium alkaloid nar¬
cotine, which is probably its methoxyl derivative
(Freund a. Will, B. 19, 27, 97 ; 20, 88, 240«.
See also Narcotine, under Morphine and Ht
opium alkaloids). When hydrastine is fused
with potash, proto-catechuic acid and formicacii
are produced.

The later researches of Freund point to the
conclusion that, although hydrastinine is a deri¬
vative of pyrocatechol, in reacting with opianic
acid it becomes an iso-quinoline derivative. The
so-called ordinary salts of hydrastinine, formed
with the élimination of the éléments of one
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molécule of water, have proved to be in reality
isoquinoline derivatives. This nucleus must
therefore be présent in hydrastine joined to a
residue of opianic acid (Freund, B. 22, 2329 ;
23,404; 24, 2730).

Oxyacanthine C18H1DNO, aceompanies berber-
ine in Berberis vulgaris (Polex, Ar. Ph. 45, 271 ;
Hesse, B. 19, 3190). It may be obtained by
precipitating with soda the mother-liquor from
which ail the berberine sait bas crystallised
(Hesse). It is a white powder, m.p. 139°, which
crystallises with dilïiculty from aleohol or etlier.
The crystals melt at 208-214° (Hesse). Oxy¬
acanthine is insoluble in water, easily soluble in
chloroform, less soluble in aleohol. The alco-
holic solution is dextrorotatory, alkaline to
litmus, and lias a very bitter taste. The ordinary
salis crystallise well.

BeriSamine C18H|„N03 (Hesse, B. 19, 3193) is
a tliird alkaloid contained in Berberis vulgaris.

Caffeïne, see Theobromine and the alkaloids
of tea and coffee, infra.

conine axd the alkaloids of Hemlock.
Conine or Coniine CgH17N is the principal

poisonous volatile alkaloid of hemlock, Conium
maeulatum. So far this alkaloid has not been
found in any other plant. For many years its
formula was thought to be CSH15N. Its true
composition was first demonstrated by Hoftnann
in 1881 (B. 14, 705). Besides conine, hemlock
contains three other alkaloids, viz. methyl-conine,
mydrine, and pseudo-conydrine. Hemlock
seeds contain about 1 p.c. of conine.

Préparation.—Conine is most readily sepa-
rated from the crushed hemlock seeds by di-
gesting them with water made alkaline with
sodium carbonate, to décomposé the malate of
conine, and distilling the mixture in a current
of steam. The distillate contains the conine,
together with much ammonia derived from the
ammonium salts présent in the seeds. The
liquid is neutralised with hydrochloric acid, and
«vaporated to dryness. The dry residue is
extracted with absolute aleohol, when most of
the ammonium chloride remains undissolved,
whilst the alkaloidal hydrochlorides go into
solution. If ether is added to the alcoholic
solution, a further quantity of ammonium
chloride is separated. The residue left by
the evaporation of the alcoholic solution is
dissolved in cold water, ether added, and the
conine liberated by the addition of potash.
The ethereal layer is decanted, washed, dried
with potassium carbonate and distilled at a
low température, when the conine remains as
an oily liquid. It may be purified from the
accompanying conydrine by fractional distilla¬
tion; the conine passes over first. Another
inethod consists in extraeting the powdered
seeds with dilute acetie acid. The liquid is
distilled under reduced pressure at as low a
température as possible, the resulting syrup
mixed with magnesia, and extracted with ether.
The ethereal solution is then treated as described
above (Schorm, B. 14, 1765 ; see also Hemlock).

Properties.—Colourless, alkaline liquid, hav-
ing a remarkable penetrating odour and a burn-
ing taste ; b.p. 166-167° ; rel. dens. -8626 at 0°
(Ladenburg, B. 19, 2578) ; dextrorotatory
[«]„= +13-79°.

Vol. III.—T

Conine is slightly soluble in cold water, but
is less soluble in hot water, so that a clear cold
solution becomes turbid when warmed. Conine
is capable of dissolving about one-quarter of its
own volume of water at the ordinary tempéra¬
ture. When boiled with water, the alkaloid
distils with the steam. Conine mixes with
aleohol in ail proportions, and is also readily
soluble in ether, but only sparingly in chloroform
and carbon disulphide. Exposed to the air,
conine darkens and slowly resinifies. When
administered internally, conine acts as a powerful
poison. It is a monacidic base. The ordinary
salts are crystalline, and soluble in water and
aleohol. The hydrochloride B.HC1 melts at
208-209° (Ladenburg).

Réactions.— Conine is a strong base, which
précipitâtes many metallic hydroxides from so¬
lutions of their salts. Sulphuric acid colours
conine dark red. Dry hydrogen chloride pro¬
duces a red colour, changing to a dark blue.

Conine is a secondary base, and combines
with two molécules of methyl iodide to form the
' ammonium ' compound. When oxidised with
nitric acid, conine affords normal butyric acid
among other products. When permanganate is
used, a-pyridine-carboxylic acid (picolinic acid)
is obtained.

When conine is distilled with zinc-dust an

unusual resuit is observed. The conine is de-
composed into hydrogen, and a-normal propyl
pyridine (conyrine).

Ladenburg has inferred from the above-
mentioned and other reactions that conine is
the a-normal propyl derivative of hexahydro-
pyridine (piperidine), and he has eonfirmed the
accuracy of this inference by effecting the syn-
thesis of the alkaloid by hydrogenating (with
sodium in alcoholic solution) a-allyl pyridine
C5H,N(C3H5) + 4H2 = C5H,0N(C3H7). The liquid
thusproducedpossesses ail the chemical and phy-
sicalproperties of the natural alkaloid except one :
it is optically inaetive (Ladenburg, B. 19, 2579).
Ladenburg has since succeeded in resolving the
inactive conine into dextrorotatory conine and
lœvorotatory conine, and has shown the dextro-
eompound to be identical with the natural
alkaloid. This séparation was effeeted by Pas-
teur's method of fractionally crystallising the
two enantiomorphic tartrates (Ladenburg, B. 19,
2579).

Methyl conine CBH16(CH3)N is stated to oecur
in hemlock (v. Planta a. Kekulé, A. 89, 129).
It is a colourless, oily liquid, closely resembling
conine.

Conydrine or Conhydrine CsH„NO, which is
also found in hemlock is the hydroxyl derivative
of conine (CsH16(OH)N). In the extraction of
conine from hemlock it is also removed. It may
be separated either by cooling the concentrated
ethereal solution of the two alkoloids, when the
conydrine crystallises out, or it may be obtained
by distilling the crude conine, when it remains
behind in the retort, if the température bas not
exceeded 180°.

Conydrine is a solid crystalline, strongly
basic substance, which melts at 121°. It closely
resembles conine in its chief properties, and
may be converted into this alkaloid by réduction
with hydriodic acid.

Pseudo-conydrine CaH17NO, which is also
3 N
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found in hemlock, closely resembles conydrine.
It is a crystalline, strongly basic substance ; m.p.
100-102° ; b.p. 229-231°. It is a secondary base,
and forms crystalline salts. Its constitution has
not yet been fully elucidated, but it is evidently
analogous to that of conydrine (Ladenburg a.
Adam, B. 24, 1671).

Buxine ClgH2,N03 is found in Buxus scmper-
virens, and is probably identical with the
bebeerine contained in bebeeru bark (Nectandra
Rodiœi), and probably also with the pelosine of
Cissampelos Pareira. Amorphous ; m.p. 198°
(Fauré, J. Ph. \2] 16,432 ; Maclagan, A. 48,109 ;
55, 105 ; Wiggers, A. 33, 81 ; Bôdecker, A.
69, 53).

Calabarine, v. Eserine.
Cevadilline v. Veratrine and the veratrum

alkaloids.
Cevadine v. Veratrine and the veratrum

alkaloids.
Chelidonine C,„H,9N08, or C^H^NO.,, is one

of several alkaloids contained in Chelidonium
majus (Probst, A. 29, 123 ; Will, A. 35, 113 ;
Eykman, B. T. C. 3, 190 ; Henschke, Ar. Ph. [3]
26, 624 ; Selle, ibid. [3] 28, 441). This alkaloid
is also found in Stylophoron diphyllum (Selle,
Ar. Ph. [3] 28, 96) and in Sanguinaria cana-
densis (Kônig, C. C. 1891, i. 321).

Choline C5H15N02 is an aminé which has
recently been found in several plants ; in hops
(Griess a. Harrow, C. J. 47, 208), in ipecaeuanha
(Kunz, Ar. Ph. [3] 25, 461), in Scopola japonica
(Schmidt a. Henschke, Ar. Ph. [3] 26, 185), in
areca nuts (Jahns, B. 23, 2972), &c. Choline
has long been known as the décomposition
produet of a number of substances occurring in
the animal organism (lecithin, bile-acids, &e.).
It is a base which reacts with acids like ammo¬

nium hydroxide, the acid radicle taking the place
of hydroxyl. Choline is the liydroxyethyl-
trimethyl derivative of ammonium hydroxide
(N(C2H4OH)(CH3)3OH) ; its chloride may be
produced by the action of trimethylamine with
ethylene chlorhydrin. V. also Schmidt (A. 267,
249).

Cinchonine v. Quinine.
Cinchonibine C19H22N20 is one of ten bases

formed when cinchonine sulphate is heatedwith
sulphuric acid (Jungfleisch, Bl. 49, 747), v. also
Cinchonine.

Cinchonidine v. Quinine.
Cinchonamine C10HMN2O is contained in

Remijiapurdieana. Crystals ; m.p. 184-185°.
The salts are crystalline. The nitrate is re-
markable in being nearly insoluble in dilute
nitric acid (Arnaud, Bl. 41, 590 ; Hesse, A. 225,
218).

Cinchamidine or Hydroeinchonidine
C.AN.P

occurs in very small quantities in several species
of cinchona. Crystals ; m.p. 229-230°. The
salts are crystalline (Hesse, A. 214, 1).

Codeïne v. Morphine and the opium alka¬
loids.

Cocaïne and the Coca Alkaloids.
The différent varieties (truxillo, cusco, &c.)

of Erythroxylon coca contain several closely
related alkaloids, the principal being the crys¬
talline cocaïne (CuH^NO.,), which was first
obtained by Niemann in 1831. The only other

crystalline alkaloid which has so far been
obtained from these plants is cinnamyl-coatine
(CijHjjNOJ, which seems to exert a physiologi-
cal action similar to that of cocaïne itself. It
is distinguished from cocaïne by its higher
melting-point (121°), and by yielding benz-
aldehyde (bitter almond oil) when oxidised with
permanganate (Giesel, C. C. 1889, ii. 765;
Liebermann, B. 21, 3372).

Besides these two crystalline alkaloids, a
number of amorphous bases have been described,
of which the most important is the so-called
amorphous cocaïne, the cocamine of Hesse
(Hesse, Ph. [3] 18, 71 ; Paul, Ph. [3] 18, 781).
This alkaloid would appear to be identical with
the truxilline or isatropyl-coeaïne (CuILjNO,)
of Liebermann, which is an isomeride of cin-
namyl-cocaïne and a powerful poison (Lieber¬
mann, B. 21, 2342; 22, 680).

Another amorphous alkaloid has been iso-
lated by Giesel (C. C, 1890, i. 718 ; Lie¬
bermann a. Giesel, B. 23, 508), and was at
first thought by him to be methyl-cocaïne. It
has sinee proved to be an isomeride of cocaïne
(C]7H21N04), from which it dilîers in certain
respects, chiefly in being dextrorotatory. It
appears to be identical with the dextro-cocam
artifieially prepared by Einhorn and Marquart
(B. 23, 468, 979 ; Liebermann a. Giesel, B. 23,
926).

The volatile alkaloid hygrine obtained from
coca leaves by Lossen (A. 133, 352) is statedby
Liebermann (B. 22, 675) to consist of two liquid
bases. One is an isomeride of tropine (C8HlsN0).
It boils at 193-195°. The other, which does
not distil under ordinary pressure' without dé¬
composition, is represented by the formula
ChH^ISLO. Hesse, however, asserts that no
such alkaloid as hygrine exists in coca leaves
(Ph. 3, 21, 1132).

In addition to these bases, benzoyl-ecgonini
(C]fiH]sNOj), one of the products of the hy-
drolysis of cocaine, has been found in coe»
leaves (Merck, B. 18, 2952) ; Liebermann (B.
24, 2336) has recently obtained yet another
alkaloid from Java coca leaves, which is a
tropeïne (v. Atropine), the benzoyl-pseudo-ln-
peïne. It is an oil which crystallises on stand¬
ing ; m.p. 49°. This alkaloid is strongly alka-
line, optically inactive, and is dissolved by the
ordinary solvents. It is monacidic ; the hydn-
chloride is crystalline. The aurichloride fonos
fine crystals, which melt at 208°. On hydrolysis
with hydrochloric acid, benzoyl-pseudo-tropeïne
furnishes benzoie acid and pseudo-tropine, in
most respects identical with the pseudo-tropine
derived from hyoscine, but apparently diSerin»
from it in furnishing an aurichloridemeltingll'
higher than the point (198°) recorded by Laden¬
burg as the melting-point of the auriehlorideo!
this base (Hesse, A. 271, 208). By acting on
pseudo-tropine with benzoie anhydride Lieber¬
mann has reproduced benzoyl-pseudo-tropeïne.

The alkaloids cocaine, isatropyl-coannt.
cinnamyl-cocaïne are ail derivatives of one and
the same substance, viz. ecgonine, into which
they are converted on hydrolysis. The three
alkaloids differ only in respect of the acid gronp
they contain. Ecgonine is closely related lo
tropine, of which the atropaceous alkaloids are
derivatives (v. Atropine).
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Cocaïne CI7H21NO} ocours to a variable extent
in the différent varieties of coca leaves. The
total alkaioicl présent in good commercial spéci¬
mens amounts to about 1 p.c., of which from
one-fourth to one-half is usually cocaïne (Hesse,
Ph. [3] 21,1109).

Préparation.—In extracting cocaïne from
coca leaves great care has to be taken to avoid
prolonged heating of the produets with alkalis,
acids, or even with water or alcohol, since the
alkaloid very reaclily suffers hydrolysis. The
following method is a slight modification of that
used by Lossen (A. 133,351). The coca leaves
are exhausted by macération and percolation
with water liaving a température of 60-80°.
The aqueous solution is precipitated with lead
acetate, and the filtrate, after having been freed
from lead by the addition of sodium sulphate,
is somewhat concentrated. Ammonia is then
added in slight excess, and the cocaïne extracted
from the liquid by repeated agitation with ether.
The cocaïne is purified either by crystallisation
from alcohol, or by conversion into the hydro-
chloride, which is repeatedly crystallised, the re-
generated alkaloid being crystallised from alcohol.

Another plan is to exhaust the leaves with
ether, and to mix the residue left by the evapo-
ration of the ether with magnesia and water,
and thoroughly dry the paste. The powdered
mass is then extracted with ether or amyl alco¬
hol, and the alkaloid obtained by the evaporation
ol the ether or removed from the amyl alcohol
by shaking with acid. It is then converted into
hydvochloride, and the cocaïne regenerated from
the recrystallised sait. The alkaloid is finally
crystallised from alcohol.

Properties.—Monoclinic prisms ; m.p. 98° ;
at higher températures it sublimes, with décom¬
position. Lœvorotatory (Antrick, B. 20, 321) ;
slightly soluble in cold water, more soluble in
hot water. Readily soluble in alcohol, ether,
benzene, liglit and heavy petroleum, and in
carbon disulphide. The aqueous solution is
alkaline to litmus, has a bitter taste, and pro-
dnces a tingling and numbness of the tongue
and lips, or, more generally, local anœsthesia of
the surface to which it is applied. On this
account it has been somewhat largely employed
in minor surgical opérations. The alkaloid also
causes dilatation of the pupil of the eye, but is
not so powerfully mydriatic as some of the
solanaceous alkaloids. When administered in-
temally in small doses, it acts as a stimulant,
and diminishes thefeelingof fatigue conséquent
on muscular exertion. The coca leaves liave
long been known to possess this property, and
in places where the plant is abundant a mixture
of lime and coca leaves is chewed by the natives
before engaging in severe exertion. Larger
doses of the alkaloid are poisonous.

The ordinary salts of cocaine are crystalline.
The liydrochloride B.HC1, which is used in
medicine as well as the alkaloid, crystallises an-
hydrous from alcohol, or with 2H20 from water.

Thechromate (B.H2Cr04.H20) is thrown down
as a pale-yellow amorphous precipitate when
potassium chromate is added to an acid solution
of the hydrochloride. This sait is very slightly
soluble in cold water ; m.p. 127°.

The auriàilor.ide B.HAuCl4 is crystalline,
and sparingly soluble in water. When aqueous

mercuric chloride is mixed with a solution of
cocaïne hydrochloride, a bulky precipitate of the
mcrcurichloride (B.HCl.HgCl2,2H20) is formed.
This sait may be crystallised from alcohol ;
m.p. 124° (Millier, G. C. 1890, ii. 818).

Réactions and constitution.—Cocaïne exhibits
most of the général reactions of the vegetable
alkaloids. Like atropine, the free alkaloid pré¬
cipitâtes mercuric oxide from an aleoholic solu¬
tion of mercuric chloride. The formation of
the chromate and mercurichloride are useful
tests. When boiled with water cocaïne is
gradually hydrolysed into methyl alcohol and
benzoyl-ecgonine

C17H21N04+H.0 = G16H18N04 + CH.,OH
.(Paul, Ph. [3] 18, 781 ; Einhorn, B. 21, 47), and
the same change gradually occurs if the alkaloid
remains in contact with an alkaline liquid.
Benzoyl-ecgonine, which is also found in coca
leaves, crystallises from water with 4H20. It is
more soluble in water than cocaïne, and almost
insoluble in ether. Its ordinary salts are crys¬
talline. Benzoyl-ecgonine may be reconverted
into cocaïne by heating with methyl iodide and
a solution of soda in methyl alcohol (Merck, B. 18,
2264, 2952 ; Skraup, M. 6, 556), or more readily
by passing hydroehloric acid gas into a solution
of benzoyl-ecgonine in methyl alcohol (Einhorn,
B. 21, 47). When cocaïne is heated with alkalis
or minerai acids, methyl alcohol and benzoyl-
ecgonine are first formed, but the latter under-
goes further hydrolysis into benzoic acicl and
ecgonine :

C„H2,N04 + 2H20
= CH.,OH + C,H602 + C„HI5NOs.

Ecgonine (CsH]5N03) crystallises from water
with 1H20 ; m.p. 198°. It is very soluble in
water, sparingly so in alcohol, and insoluble in
ether. It is neutral in réaction, and possesses
both basic and acid properties ; well charaeterised
salts are formed by its union with acids and
alkalis.

When heated with sulphuric acid ecgonine
loses the elements of a molecule of water, fur-
nishing anhydro-ecgonine (C9H13N02), and this
base when heated with hydroehloric acid loses
carbon dioxide and furnishes tropidine identical
with that obtained from atropine (Einhorn, B.
23, 1338). When the crystalline barium sait of
ecgonine is distilled it behaves like the sait of
an organic acid, carbon dioxide being split off,
whilst there distils over a liquid base iso-tropine,
an isomeride of tropine. It boils at about 220°.
By the further action of baryta iso-tropine fur¬
nishes methylamine (Merck, B. 19, 3002). On
oxidation iso-tropine yields, amongst other pro¬
duets, succinic acid.

These reactions, as well as others which have
been studied, go to prove that cocaïne, like
atropine, is a derivative of tetrahydro-pyridine.
Anhydro-ecgonine seems to be aerylic acid, into
which the methyl-tetra-hydropyridine group has
been introduced. When this compound takes up
a molecule of water to form ecgonine, the
elements of the water enter into the aerylic
group, which beeome3 an hydroxypropionic
group, the presence of carboxyl in which serves
to explain the acid properties of ecgonine. In
benzoyl-ecgonine thebenzoic radiclehas replaeed
the aleoholic hydrogen of the hydroxypropionic.
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group. Cocaïne is tlie methyl ester of benzoyl-ec-
gonine CH2(CH3NC5H7)CH.O(C„H5CO)CO.OCH,
(Einhorn, B. 20, 1221 ; 21, 47 ; 23, i338). By the
action of the various alkyl iodides and alcohols
on benzoyl-ecgonine, homologues of cocaïne
may be obtained which resemble cocaïne in
chemical properties and in physiological action
(Merck, B. 18, 2952 ; Novy, Ph. [3] 18,233).

Since isatropyl-eoeaïne and other amorphous
alkaloids contained in coca leaves whieh are

valueless for médicinal purposes yield ecgonine
when lieated with hydrochloric acid, it is worth
wbile to convert thern into this base and from it
to préparé cocaïne by the reactions described
above. Some of this artificial cocaïne is said to
come into commerce (Liebermann a. Giesel,
B. 21, 3196).

Détection and estimation of cocaïne.—-
Cocaïne may be detected by its charaeteristic
action on the tongue, and also by the reactions
mentioned above. In isolating it, the aqueous
solution should not be heated for any length of
time, and not at ail in presence of acids or
alkalis. For the libération of clie alkaloid from
its salts, ammonia, and not fixed alkalis, should
be employed.

For the estimation of the erystalline alkaloid
(cocaïne and cinnamyl-cocaïne) in coca leaves,
several processes have been recommended. The
following method is said to afford accurate
results. Fifty grms. of the powdered leaves are
mixed with twenty grms. of magnesia, the
mixture made into a paste with water, and dried
at 60°. The finely powdered mass is exhausted
with ether, the ether distilled, and the residue
dissolved as far as possible in very dilute (2 p.e.)
hydrochloric acid. The clear acid liquid is
shaken with ether to remove colouring matter,
exeess of ammonia is added, and the alkaloid
removed by repeatedly extracting with ether in
the usual manner. The ethereal solution dried
by calcium chloride is evaporated to dryness,
and the residue weighed (Mark, P. Z. 1889, 349).

For the estimation of cocaïne in the crude
alkaloid of commerce v. Squibb, Fr. 28, 743.

Colchicine C22H2,NO,;, an alkaloid existing
in the seeds of Colchicum autumnale ; v. also
Colchicum.

Properties.—A yellow varnish, soluble in
water, alcohol, and chloroform. It unités with
chloroform forming a erystalline compound
(B.2CHCI3). Lsevorotatory. The aqueous solu¬
tion has a very bitter taste and is poisonous,
its action resembling that of veratrine. The
alkaloid dissolves in sulphuric acid, forming a
yellow solution whichbecomesgreen, violet, and
finally red on the addition of a drop of nitric
acid. When heated with hydriodic acid, col¬
chicine furnishes one molecular proportion of
methyl iodide, together with colchiceïne
(CjjHjjNO»)', an alkaloid which also oecurs in

' Colchicum autumnale. When a solution of
eolchieïne is boiled with dilute sulphuric acid,
colchiceïne and methyl alcohol are formed.
Colchiceïne crystallises with iH20, and rnelts
at 139°. It is lsevorotatory, and has acid pro¬
perties. Unlike colchicine, colchiceïne is not
poisonous. Colchicine may be reproduced from
colchiceïne by heating it with methyl iodide and
a solution of soda in methyl alcohol (Zeisel, M.
7, 568 ; 9, 4, 868).

Conessine or Wrightine C,„HMN? exists in
Wrightia antidysentcrica and in Holarrhem
africana. Crystals ; m.p. 122° (Polstorff, B. 19,
78, 1682 ; Warnecke, Ar. Ph. [3] 26, 248,281;
B. 19, 60).

Conydrine or Conhydrine v. Conine.
Corydaline ClsH1BN04 is found in the rootot

Corydalis tuberosa. Prismatic crystals, m.p.
130°. Insoluble in water, slightly soluble in
alcohol, soluble in ether and chloroform. A
diacidic base, which forms erystalline salts
(Wicke, A. 137, 274). From the root of Con/dalis
cava, Adermann (C. C. 1891, 1, 978) has
obtained an alkaloid resembling caffeïne', to
which he assigns the formula C.„H21N04 and
names corydaline. The same plant oontains
hydro-barberine C;0H2]NO4 (m.p. 138°), which is
converted on oxidation into berberine.

Cupreine v. Quinine.
Curarine v. Strychnine and the strychm

alkaloids.
Cusconine C23H26N204, isomerie with aricinc,

which it accompanies in cusco bark. Crystals;
m.p. 110° (Hesse, A. 185, 301).

Cusparine C1BH17N03 or C20H10NO, is found
in Angostura or Cusparia bark. Needle-shaped
crystals ; m.p. 92°. Sparingly soluble in ether,
very soluble in alcohol (Korner a. Bôbringei,
G. 13, 363 ; Beckiirts a. Nehring, Ar. Ph. 229,
591). See also Cusparia bark.

Cytisine CnH14N20is contained inlaburnum
(Cytisus Laburnum) (Husemann, Z. 1869,671;
Partheil, B. 23, 3201 ; 24, 634 ; Buchka a.

Magalhaes, ibid. 24, 253, 674). Crystals; m.p.
153°, which sublime without décomposition.
Soluble in water, alcohol, and chloroform, in¬
soluble in light petroleum. Cytisine is a
diacidic base whose salts are erystalline. The
auricliloride B.HAuC14 melts at 213°. Accord-
ing to Moer and Plugge (Ar. Ph. [2] 29,48), cyti¬
sine should be represented by the formula
CMHlaN„0. In aqueous solution it is lœvorota-
tory [a]D = —120°, and gives with ferrie chloride
a red colouration, which is discharged by a few
drops of aqueous hydrogen peroxide, ablue
colouration being subsequently observed. Cyti¬
sine is a violent poison. This alkaloid is iden-
tieal with ulexine (q. v.). According to Plugge
(Ar. Ph. 229, 561), sophorine, the alkaloid of
Sophora tomentosa, is identical with cytisine.

Delphinine C22H35N06 or Cs2H1B014 and Dél-
phinoidine C5BH42NOs are found in the seeds oi
Delphinium Staphisagria (Lassaigne, A. Ch. [I
12, 358 ; Couerbe, ibid. [2] 52, 359 ; Marquis,
P. Z. 16,449,481,513 ; Charalampi,P.Z.29,611).

Emetine C30H4BN2O5? the alkaloid existiug
in ipecacuauha root (CephaSlis Ipecacuanh),
which contains betvveen 1-2 p.c. (v. also Ipe-
cacuanha).

Préparation.—The emetine may be extracted
from ipecacuanha by mixing the finely powdered
root with an equal weight of lime, and making
the mixture into a paste with water. The
mass, dried at 100°, is extracted with boiling
chloroform, which dissolves the emetine.

Properties. —Crystals ; m.p. 62-65°. Slightly
soluble in water, more soluble in alcohol, chloro¬
form, and benzene. Emetine is a diacidic base,
and a tertiary diamine. When administered even
in minute quantities it acts as a powerful emetic.
For furtker information see Lefort (J. Ph. [4]
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9, 241), Podwyszotsky (Ph. [3] 10, 642), Kunz
(Ar. Ph. [3] 25, 461).

Estimation of emetine in ipecacuanha.—The
estimation of emetine in ipecacuanha is best
accomplished, accordingtoFliickiger, byextract-
ing the finely powdered root with boiling chloro-
form to which about 1 p.e. of aqueous ammonia
lias been added. The residue left on the evapo-
ration of the chloroform is nearly pure emetine.
Iîansom finds that it is better to exhaust the
root with chloroform made alkaline with ammo¬

nia by shaking with aqueous ammonia and then
withdrawing the layer of water. The solution
in chloroform is shaken with dilute sulphuric
acid, and the quantity of emetine in the acid
solution determined by titration with Mayer's
solution (Ph. [3] 18,241 ; v. also Kremel, Ar. Ph.
[3] 26, 419).

Ergotinine C35H40N4O„ is found in ergot of
rye (Tanret, A. Ch. [5] 17, 493), whieh also
contains cosmetine (Bombelon, P. Z. 33, 109).

Eserine or Physostigmine C,5H2,N30„, the
alkaloid of Calabar bean (Physostigma Vene-
iwsum).

Préparation.—The powdered beans are ex-
tracted with alcohol and the alcohol distilled otï,
or the médicinal alcoholic extract may be used.
The extract is mixed with excess of sodium
bicarbonate and extracted with ether, the
ethereal solution is shaken with dilute sulphuric
acid, the acid liquid filtered, mixed with excess
of sodium bicarbonate, and extracted with ether,
which leaves the eserine (Jobst a. Hesse, A.
129,115; Hesse, A. 141, 82).

Properties.—The alkaloid forms a varnish
which is very slightly soluble in water, but
readily soluble in alcohol, ether, and benzene.
Strongly alkaline ; forms salts with acids, the
hydrobronride being crystalline (Duquesnel, Ph.
[3] 5, 847). Lœvorotatory. Causes contraction
of thepupil of the eye—i.e. myotic—and when
administered internally acts as a powerful
poison. Deeomposed by boiling with dilute
acids. Is oxidised when exposed to air,
especially in presence of alkali, forming a red
crystalline colouring matter, rubreserine. When
calcium chloride is added to its aqueous solution
a fine red colouring matter is also produced.
When alkalis act on eserine, the alkaloid cala-
bariile appears to be formed (Harnach a.
Witlkowski). It is doubtful whether this alka¬
loid actually exists in the Calabar bean, or is
only produced during the extraction of the
alkaloid by the décomposition of eserine. It
has been found in specimens of the médicinal
extract of Calabar bean whieh have been kept
for some time. Its physiological action is
antagonistic to that of eserine (Harnack a.
Wittkowski, Arch. Exp. Path. 5, 401 ; 8, 125 ; 9,
434; 10, 301 ; 12, 101).

Gelsemine C^H^N./)., ? an alkaloid occurring
in the root of the American wild jasmine, Gel-
semium sempervirens. In certain respects it
resembles strychnine (Wormley, Ph. [3] 13, 106 ;
Iiobbins, B. 9, 1182; Gerrard, Ph. [3] 13, 502,
(141; Thompson, Ph. [3] 17, 803).

Properties.—Crystaliises with difficulty from
its alcoholic solution ; m.p. 45°, Slightly soluble
iu water ; readily soluble in alcohol, chloroform,
and ether. The aqueous solution is strongly
alkaline, and has a very bitter taste. It acts as

a monacidic base ; the principal salts are crysi
talline. When a crystal of potassium bichromate
is introduced into a solution of gelsemine in
strong sulphuric acid, a brilliant pla'y of colours,
passing from red and violet to green, is observed,
which closely resembles that exhibited by strych¬
nine. Unlike strychnine, however, it dissolves
in sulphuric acid, forming a green solution
which turns red (Dragendoriï, Zeits. Anal. Chem.
22, 153 ; Baimondi, ibid. 26, 743). Gelsemine
and its salts exert a mydriatic action on the eye,
and when administered internally are highly
poisonous.

Grandiflorine, a poisonous alkaloid contained
in Solanum grandiftora (Freire, C. B. 105,1074).

Harmaline Cl3Ht4N20, an alkaloid existing
as phosphate in the seeds of Pcganum harmala
(Fritzsehe, A. 64, 360 ; Gobel, A. 38, 363) ; v.
also Harmala.

Properties.— Small tabular crystals; m.p.
238°, with décomposition. Very slightly soluble
in water, more soluble in alcohol and ether. A
monacidic base ; the salts are yellow, and their
aqueous solutions exhibit a blue fluorescence.
Heated with hydrochloric acid, harmaline fur-
nishes methyl chloride and harmalol.

On oxidation harmaline is converted by loss
of two atoms of hydrogen into harmine
(C13H|2N20), whieh is also found in small quan¬
tity in peganum seeds. Harmine is a crystalline
alkaloid, m.p. 256°. Soluble in water, less
soluble in alcohol than harmaline. The salts
of harmine are colourless, in aqueous solution
they show a blue fluorescence. When strongly
heated with concentrated hydrochloric acid,
harmine yields one molecular proportion of
methyl chloride, togetber with harmol

(C12H,„N20),
which has the properties of a phénol (Fritzsehe
a. Tauber, B. 18, 400 ; Fischer, B. 22, 637).

Oxidation with chromic acid converts har¬
mine into harmic acid (C10HsN2O4).

Harmaline and harmine appear to be pyri-
dine derivatives.

Homoquinine v. Cupreïne.
Hydrastine v. Berberine and the berberis

alkaloids.
Hygrine v. Cocaïne and the coca alkaloids.
Hymenodictyonine C23H40N2 oecurs in the

bark of Hymenodictyon excelsum. Needle-shaped
crystals ; m.p. 66°. A diacidic base, forming
uncrystalline salts. Hymenodictyonine is a
tertiary diamine (Naylor, Ph. [3] 13, 187 ; 15,
195).

Hypoxanthine v. Caffcïne.
Hyoscyamine v. Atropine and the solanaceous

alkaloids.
Hyoscine v. Atropine and the solanaceous

alkaloids.
Jaborine v. Pilocarpinc.
Lupinine C2,H42N202, an alkaloid found in

the seeds of Lupinus luteus.
Properties.—Bhombic crystals, m.p. 67-68°.

Distils without décomposition in hydrogen at
255-257°. A diacidic base, which furnishès
crystalline salts (Baumert, B. 14, 1150 ; 15,
1951 ; Hagen, A. 230, 370 ; Siebert, Ar. Ph. 229,
531 ; Soldani, ibid. 230, 16).

Lupinidine C8H,6N, another alkaloid occur¬
ring in the same plant. A syrupy liquid, which
rapidly oxidises in air. Forms crystalline salts
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(Baumert, A. 224, 325; 225, 368; 227, 217).
Lupinidine is a powerful poison, whicli acts like
curarine.

Lycaconitine v. Aconitine and the aconite
allcaloids.

Mandragorine CI7H23N03? is obtained from
mandragora or mandrake root. It resembles
atropine and hyoscyamine in its principal pro-
perties. The base is a hygroscopie resinous
mass, which melts at 77-79°. The chief salts
are crystalline ; the aurichloride B.HAuC14 melts
at 153-155°. Mandragorine is not converted
into atropine by heating with alkalis. It pos-
sesses mydriatic properties (Ahrens, A. 251, 312 ;
B. 22, 2159).

Myoctonine v. Aconitine and the aconite
allcaloids.

Morphine and the Opium Alkaloids (v. also
Opium).

Opinm, the partially dried j'uice of the seed-
capsules of Papaver somniferum, contains the
salts (sulphates and meconates) of a number of
elosely related alkaloids ; as many as twenty
alkaloids have already been described (v. Opium).
Kauder (Ar. Ph. 228,419) has recently re-investi-
gated the alkaloidal constituents of opium, and
describes a new alkaloid tritopine. Only the
more important of these alkaloids will be con-
sidered here, viz. : morphine C]7H19N03 ; codeïne
CIBH21N03; thebaïne C,9H21N03; papaverine
C29H.,]N04; narcotine C^H^NO,.

With the exception of morphine and narco-
tine, opium does not usually contain more than
a total of 1 p.c. of the other alkaloids. For an
aecount of the reactions of the chief opium
alkaloids v. Plugge (Ar. Ph. [3] 25, 793).

Morphine C,7H19N03 was the first known
vegetable alkaloid. It was isolated from opium
about the year 1807 by Sertiirner. Morphine is
contained in several plants belonging to the
natural order Papaveraceœ, although not in the
common poppy.

The amount of morphine présent in opium
varies in différent species (Indian, Turkey, &c.)
from 3 to 20 p.c. The British Pharmacopœia
states that the dried opium intended for médi¬
cinal use should contain 10 p.c.

Préparation.—Since the morphine exists in
opium in the form of two soluble salts (meconate
and sulphate), extraction with water removes
the whole of the alkaloid from the product.
Several methods have been suggested for the
séparation of this alkaloid ; that suggested by
Mohr (A. 35, 119) answerswell. About 20 grms.
of opium are thrice extraeted with about 60 c.c.
of boiling water. The hot liquid is mixed with
5 grms. of lime suspended in a little water, and
the mixture boiled for a few minutes. The
liberated morphine dissolves in the alkaline
liquid, whilst nearly the whole of the other
alkaloids, as well as the meconate and some

sulphate of calcium, are precipitated. The mix¬
ture is filtered, and the precipitate washed with
hot water ; the liquid is evaporated until it
measures 40 c.c. and then filtered. To the solu¬
tion is added 2 grms. of ammonium chloride,
which précipitâtes the morphine, since this
alkaloid is but very slightly soluble in aqueous
ammonia. The liquid is heated to expel ail the
ammonia, and allowed to stand for some liours.

The morphine is then filtered off, and purified
by dissolving it in hydrochloric aeid, adding
lime to the hot solution of the hydrochloride,
filtering, and precipitating the morphine with
ammonium chloride. The alkaloid may be
crystallised from hot amyl alcohol.

Gregory's method for the isolation of mor¬
phine from opium consists in extracting the
substance with lukewarm water, mixing the
liquid with excess of clialk, and evaporating to
a small volume. Slight excess of calcium
chloride is now added, the liquid diluted with
water, and the precipitated resin, calcium meco¬
nate &c. filtered off. On concentrating the
liquid the hydrochlorides of morphine and
codeïne crystallise out. These are dissolved in
water, the solution decolourised with charcoal,
and decomposed with excess of ammonia, which
précipitâtes only the morphine.

Properties.— Small rhombic crystals contain-
ing 1H20, which is gradually lost at 100°, more
rapidly at 120°. At liigher températures (about
230°) morphine melts with some décomposition,
and afterwards a part of the alkaloid sublimes,
together with some of its décomposition pro-
ducts. Slightly soluble in water—1 in 10,000 a!
10°; I in 5,000 at 20° (Chastaing,Bl. [2] 37,477);
more soluble in boiling water (1 in 500). Soluble
in absolute alcohol (IT in 100 at 10° ; 1 in 13
at b.p.), less so in aqueous alcohol (1 in 100 at
15° ; 1 in 36 at b.p.). Less soluble in arnil
alcohol (1 in 400 at 11° ; 1-1 in 50 at 78°). Verr
slightly soluble or nearly insoluble in ether,
benzene, chloroform, and light petroleum
(Florio, G. 13, 496). Eeadily soluble in solu¬
tions of fixed alkalis, especially wken warm;
less soluble in aqueous ammonia (rel. dens. -97)
(1 in 177 at 15°). Lœvorotatory in aqueous
soda, [a]D=—70-23° ; more strongly lrevorota-
tory in acid solution (Hesse, A. 176,190).

Morphine is a strong base ; its alcoholicsolu¬
tion is alkaline to litmus. Dilute acids readily
dissolve morphine, and the salts are generally
easy to crystallise. As a base morphine is
monacidic. The hydrochloride B.HC1,3H,0 is
a well crystallised sait, soluble in water (1 in 21
at 15°), slightly soluble in alcoho] (Hesse, A. 176,
189). The platinichloride (B.HCl.PtCl,) is
crystalline. For a list of the principal salts r.
Morphine in Watts' Dictionary of Chemistrï
The alkaloid and its salts have a bitter taste,
and when administered in small doses exert 8

powerful narcotic action ; in larger doses they
are poisonous.

Réactions.—Morphine exhibits several chu-
racteristic colour reactions.

Solution of ferrie chloride (almost free from
acid) produces with the alkaloid, and with neutral
solutions of its salts, a deep-blue colouration
which is discharged by strong acids. This reac¬
tion is characteristic, and delicate in neutral oi

nearly neutral solutions ; it does not appearto
be exhibited by any other commonly occurrin;
vegetable alkaloid.

Strong sulpliuric acid (quite free from nitrie
acid) does not colour morphine unless the mis-
ture is warmed, when a brown colouration is
produced.

Nitric acid dissolves the alkaloid, with the
production of a deep-red colour. If the morphine
is first dissolved in strong sulphuric acid and
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thcn a drop of nitric aoid added, a carminé
colouration is observed.

Morphine is a powerful reducing agent, con-
verting ferrie salts into ferrons salts, solution
of potassium ferricyanide into potassium ferro-
cyankle, and precipitating the metals from solu¬
tions of silver nitrate, and gold and platinum
chlorides. Since it reduces aqueous iodic acid,
liberating iodine, tliis reaction is often utilised
as a test for morphine, the iodine being deteeted
in the usual manner. The salts of morphine
also liberate iodine from aqueous iodic acid.

Morphine is a tertiary base, which combines
ivith one mol. prop. of alkyl iodide.

Dibenzoyl and diacetyl derivatives of mor¬
phine have been prepared, whence it may be in-
ferred that the alkaloid contains two hydroxyl
groups (Wright, C. J. 27,1031 ; Wright a. Beckett,
0. J. 28, 15 ; Wright a. Rennie, C. J. 37, 610).
One of these hydroxyl groups is probably at-
tackedto a benzene nucleus, since it has phenolic
properties. Morphine dissolves in alkalis, form-
ing metallic derivatives, in which one atom of
hydrogen of the morphine is replaeed by metals
(Chastaing, C. R. 94, 44).

When morphine is heated with hydrochlorio
acid (25 p.c.) in a closed tube at 140-150°,
a molecule of water is separated, and anhy-
dromorphine ('apo-morphine') CI7HI7N02 is
produced. It is isolated by adding sodium
bicarbonate in excess to the acid liquid, and
shaking with ether, which dissolves the ' apo-
morphine.' The free base has not been erys-
tallised; it is very unstable when exposed to
air, absorbing oxygen, especially in presence
of alkali, with the production of a green, and
afterwards a red, colour. Unlike morphine, this
alkaloid is soluble in cold water. The hydro-
chloride of anhydro-morphine is crystalline, and
is used in medicine. The properties of ' apo-
morphine' appear to show that the base still
contains the phenolic hydroxyl which is présent
in morphine. Its physiological action ditt'ers
entirely from that of morphine, since it produces
no narcotic effect, but acts as a powerful emetic
(Matthiesen a. Wright, Pr. 17, 455 ; Marmé,
Jr. 24, 643).

Alkaline solutions of morphine absorb oxygen
from the air, which converts the morphine by
removal of two atoms of hydrogen into pseudo-
morphine C,iH,jN03, a base which also results
from the action of weak oxidising agents on
morphine, and is found in small quantity in
opium (Hesse, A. 141, 87 ; Suppl. 8, 267 ; A. 222,
234).

Picric acid is formed when morphine is
«xidised with fuming nitric acid. Nitrous acid
.produces a nitroso- derivative. When mor¬
phine is distilled over bot zino-dust, a large
■quantity of the hydrocarbon phenanthrene
(CmH10) is obtained, together viithphenanthrene-
giràolùicCnHnN,pj/ri(Zine,and other substances
(Gerichten a. Schrôtter, A. 210, 396).

When heatedwith potash, morphine furnishes
methylamine, together with other substances,
amongst them being protocatechuic acid
(Wertheim, A. 73, 208 ; Barth, M. 4, 70). Ac-
cording to Skraup and Wiegmann (M. 10, 110),
cihyl-methylamine is obtained by the action of
alcoholic potash on morphine. Very little can
at présent be stated with certainty as to the

précisé constitution of morphine. It seems
likely that it is a derivative of phenanthrene-
quinoline (Gerichten a. Schrôtter, l.c. ; Knorr,
B. 22, 1113).

Détection and estimation.—Morphine afïords
précipitâtes with most of the alkaloidal reagents.
It may be identified by means of the properties
and reactions described above. The character-
istic reactions of morphine can, however, only
be relied on, when a nearly pure alkaloid has
been experimented with. Unfortunately, mor¬
phine is one of the most difïieult alkaloids to
separate from much organic impurity, especially
when it is présent only in minute quantity, as
is generally the case in toxicology. Since the
internai administration of opium, and not of
morphine itself, is usually the cause of poison-
ing, the existence of this alkaloid may be con-
firmed by detecting meconic acid, which is easy
to recognise, and as it does not occur in any
other substance is satisfactory proof of the
presence of opium.

For a detailed account of the qualitative re¬
actions of morphine v. Marmé, l.c.

For the estimation of the quantity of mor¬
phine in opium, several methods have been pro-
posed. The accuracy of these methods has been
compared by Venturini (G. 16, 239), who
recommends Fliickiger's process (Ar. Ph. [3] 27 ;
721, 769), which is as follows : 8 grms. of pow-
dered opium dried at 100° are washed on the
filter with a mixture of 10 c.e. of ether and
10 c.c. of chloroform, in order to remove narco-
tine. The opium is then washed with 10 c.c.
more chloroform, and dried. It is then digested
with 80 grms. of water at 25°C., with fréquent
shaking for twelve hours. The mixture is filtered,
and 42-5 grms. of the filtrate (equal to 4 grms.
of opium) are mixed in a small flask with
7'5 c.c. of alcohol (rel. dens. -832), 15 c.c. of
ether, and 1 c.c. of aqueous ammonia (rel. dens.
•960). The flask is stoppered, and allowed to
remain for about twelve hours at about 5°, the
mixture being frequently shaken. The morphine
crystallises out of the ethereal layer, which is
separated, and the morphine washed with 10 c.c.
of water. The crystals are colleeted, and dried
at 100°. Since some of the morphine crystallises
on the sides of the flask and is diificult to re¬

move, the alkaloid may be weighed in the flask
instead of on the filter.

The British Pharmaeopceia (1885) adopts the
following method : 9 grms. (140 grains) of pow-
dered opium dried at 100° are mixed with
4 grms. (60 grains) of slaked lime, and stirred in
a mortar with 25-8 c.c. of water (400 grain-
measures). The mixture is then diluted with
64-5 c.c. of water (1,000 grain-measures), and
occasionally stirred during about half an hour.
The mixture is then filtered into a stoppered
bottle, until a volume of 67T c.c. (1,040 grain-
measures) representing '6*45 grms. (100 grains)
of opium has been obtained. To this filtrate
7-1 c.c. of alcohol (110 grain-measures) are
added, and 32-2 c.e. of ether (500 grain-mea¬
sures), and the mixture well shaken. In order
to precipitate the morphine from its solution in
the lime-water, 2-58 grms. of ammonium chloride
(40 grains) are added, and the mixture well
shaken. After the lapse of twelve hours the
morphine will have crystallised out. Decant
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the ethereal layer, and filter it through a small
counterbalanced paper. Add 12-9 c.c. (200
grain-measures) o£ ether to the contents o£ the
bottle, gently shake, again deoant and filter the
ethereal layer. Wash the filter paper with 6-45
c.c. (100 grain-measures) of ether, and dry it.
Now filter olï the crystals which remain in the
bottle, using about 13 c.c. of water for washing.
The crystals of morphine are dried at 100° and
weighed. Teschemacher and Smith (C. N. 35,
47 ; 57, 93, 103) claim to have devised a method
by means of which more morphine is isolated
than by any other.

For an account of the différent methods
which have been proposed v. Prescott's Organic
Analysis.

For the estimation of morphine in tincture
of opium (laudanum), the following method is
said to afford accurate results : 75 c.c. of the
laudanum are evaporated to dryness on the
water-bath, and the residue thoroughly mixed
with 75 c.c. of water and 2 grms. of calcium
hydroxide. The liquid is then filtered, and 50
c.c. of the filtrate (representing the same quantity
of laudanum) are mixed with 5 c.c. of alcohol,
25 c.c. of ether, and 3 grms. of ammonium
ehloride. The mixture is well shaken, and
allowed to remain for twelve hours. The
crystals of morphine, which will have separated,
are collected, washed with water, dried at 60°,
and weighed. The percentage of morphine is
obtained by multiplying the weight of the crys¬
tals by two, and by the relative density of the
tincture.

Codeïne or Methyl Morphine CjgH^NOj exists
in small quantity in opium (T-l p.c.).

Préparation.—The mixed hydroehlorides of
morphine and codeïne having been separated
from opium by Gregory's method (v. Morphine),
and the morphine precipitated by ammonia, the
alkaline filtrate, which contains codeïne hydro-
chloride, is evaporated to a small volume and
precipitated by potash. The codeïne is purified
by crystallisation from ether or from water.
Codeïne may be prepared from morphine by
heating it with alcoholic soda and methyl iodide
(Grimaux, A. Ch. [5] 27, 273 ; Hesse, A. 222,
210).

Properties.—Large rhombic crystals (from
water) with 1ELO, which melt in boiling water ;
small anhydrous crystals from ether, m.p. 153°.
Lœvorotatory. Slightly soluble in cold water,
more soluble in hot water, alcohol, ether, and
benzene ; insoluble in light petroleum. The
aqueous solution is strongly alkaline. Codeïne
is a monaeidic base ; the principal salts are crys-
talline, and soluble in water. The physiological
action of codeïne and its salts is similar to that
of morphine.

Réactions and constitution.—Codeïne is dis-
tinguished from morphine by not giving the
colour reaction with ferrie ehloride, and by pro-
ducing with nitric acid a yellow, and not a red,
colour. Concentrated sulphuric acid does not
colour codeïne except after prolonged standing,
but if a trace of nitric acid or ferrie sait is
added to the mixture it becomes blue. For an

account of the qualitative reactions of codeïne
v. Marmé, Fr. 24, 643. The décomposition pro-
duets of codeïnes are, for the most part, analo-
gous to those of morphine, of which it is the

methyl derivative. The methyl group replaces
an atom of hydrogen in one of the hydroxyl
groups of morphine, probably in the phenclrc
group since codeïne bas not the acid properties
of a phénol. Codeïne, therefore, contains a
methoxyl group, the presence of which may be
ascertained by heating the alkaloid with hydre-
chloric acid, when methyl ehloride is obtained.
Codeïne may be prepared from morphine, the
methyl group being introduced in the usual
manner (v. supra).

Thebaïne C,BH21N03 oceurs in small quantity
in opium. For the method of isolating it t.
Hesse, A. Suppl. 8, 262.

Properties and reactions.—Leafy or prismatie
crystals ; m.p. 193°. Lœvorotatory. Nearlyin-
soluble in cold water, slightly soluble in ether,
very soluble in alcohol, chloroform, and benzene.
Slightly soluble in aqueous alkalis. Thebaïne
is a monaeidic base ; the principal salts are
crystalline, and soluble in water. The alkaloid
and its salts are very poisonous. Thebaïne is
coloured bright red by concentrated sulphuric
acid. It is converted into its isomeride thêta-
ine when warmed with dilute acids, and by the
action of concentrated sulphuric acid is converted
into another isomeride thebaicine. Thebaine is
attacked by concentrated hydrochloric acid, with
the formation of two molecular proportions ol
methyl ehloride and a base morpho-thebaiim

C17H15NO(OH)2.
Thebaïne, therefore,contains two methoxylgroups
(Howard a. Roser, B. 19, 1596).

Papaverine C20H2IîlO4. For the method oi
isolating this alkaloid from opium v. Hesse, i
153, 75 ; A. Suppl. 8, 289.

Properties.—Prismatie crystals ; m.p. 147.
Very slightly soluble in hot and cold water
easily soluble in alcohol, chloroform, and benz¬
ene. Optically inactive. A monaeidic bas,
which forms crystalline salts.

Reactions and constitution.—Sulphuric acid
dissolves papaverine in the cold without colorai-
tion, but on warming the solution becomes dari
violet.

Benzoic and acetic anhydrides do not react
with papaverine, which consequently does mi
contain hydroxyl.

Nascent hydrogen converts papaverine into»
tetrahydride.

When heated with concentrated hydriodic
acid papaverine furnishes papaveroline

C16H]3NO„
together with four molecular proportions o!
methyl iodide, from which it is inferred {lai
four methoxyl groups are présent.

By the action of hydrochloric acid, metM
ehloride is obtained, together with some fat
pyrocatechol (CaH3(CH3)OH)2).

On oxidation with permanganate, papavec
yields a large number of products, the principal
being veratric acid, meta-hemipinic or t
methoxy- ortho-phtlialic acid

(C0H2(OCH3)2(COJH)2,
pyridine-a-tricarboxylic acid, and meconinid
papaveraldine.

When fused with allrali, papaverine affort
veratric acid, togetherwith dimethoxyl-quiwlin

From these and other results, Goldschw'
(M. 4, 704 and following volumes) bas c»
cluded that papaverine is the tetra-metlorj
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derivative of tolyl-isoquinoline (M. 9, 319).
The alkaloids narcotine, hydrastine, and ber-
berine have been shown to possess a very
similar structure, and also the rare opium alka-
loid cryptopine (Perkin, C. S. Proc; 1891, 166).

Narcotine C^RaNO, usually oconrs to the
estent of about 1 p.e. in opium, but sometimes
in larger quantity. Unlike the majority of
alkaloids, narcotine appears, as a rule, to exist
in the plant for the most part as the free
alkaloid, and not as a sait.

Préparation.—If opium is extracted with
water in order to isolate the morphine &c., the
greater part of the narcotine usually remains
undissolved, since this alkaloid is nearly insoluble
in water. By exhausting the residue with dilute
hydrochloric acid, the narcotine is removed as
hydrochloride, and from the solution of this sait
the base may be precipitated by sodium bicar¬
bonate, and crystallised from alcohol. Or the
narcotine may be extracted from the opium by
boiling it with ether ; v. also Hesse, A. Suppl. 8,
284.

Properties.—Prismatic crystals ; m.p. 176°.
Almost insoluble in water (1 in 25,000 at 15° ;
1 in 7,000 at 100°) ; soluble in alcohol (1 in 100
at 15° ; 1 in 20 at b.p.) ; soluble in ether (1 in
166 at 16°) ; and in benzene (1 in 22 at 15°) ;
very soluble in chloroform (1 in 2-69 at 15°) ;
slightly soluble in amyl alcohol and in light
petroleum. Dissolves in lime and baryta water,
and slightly in aqueous ammonia. Lœvorota-
tory, [a]D= —185° in alcohol (Hesse, A. 176,192).
The solution in dilute acids is dextrorotatory.
Narcotine is a feeble monacidic base ; its aqueous
solution is neutral to litmus. The principal salts
crystallisewith difficulty ; their aqueous solutions
are acid, and are decomposed, with séparation of
narcotine when evaporated. The free alkaloid
may even be extracted from the aqueous solu¬
tions of some narcotine salts by agitating with
ether or chloroform. In larger doses than are
necessary in the case of morphine, narcotine
and its salts exert a narcotic action.

Réactions.—Concentrated sulphuric acid dis¬
solves narcotine, and the solution soon becomes
vellow ; on warming, a rapid transition of
différent colours is observed, the mixture becom-
ing orange-red, blue, and finally purple. Nitrie
acid dissolves the alkaloid, with a yellow colour.

Narcotine is a tertiary base. It does not
react with benzoio or acetic anhydrides, and
therefore does not contain hydroxyl. When
heated with water in a elosed tube at 100°, or by
prolonged ebullition with water, it is resolved
into opianic acid and hydrocotarnine

C.JP3NO, + H20 = C,QHjq05 + C,„H15N03
(Beckett a. Wright, C. J. 28, 583).

When heated with hydriodic acid, narcotine
fnrnishes three moleoular proportions of methyl
iodide, together with the base nornarcot-
ine (OuHuNO, or Cl9H,3(0H)3NO4). The less
energetic action of hydriodic acid produces one
molecular proportion of methyl iodide, and
iimethyl-nornarcotine Cl!)H14(OCH3)2(OH)NO „
or two molecular proportions of methyl iodide
and methyl-nornarcotine ClaH14(OCH3) (ÔH)2N04.
Mhylamine, together with meconine, is formed
when narcotine is boiled with baryta water, or, if
concentrated aqueous potash is used, trimethyl-
amine is produeed.

Nascent hydrogen converts narcotine into
meconine (the réduction produet of opianic acid)
and hydrocotarnine (C12H16N03). On oxidation
narcotine furnishes cotarnine (C12H15N04) and
opianic acid (CBTI2(OCH3)2CHO.COÔH), which on
further oxidation becomes hemipinic acid

C6H,(0CH3)2(C00H)2.
When dilute nitric acid is used to oxidise, a sériés
of products is obtained by oxidation of the
cotarnine and meconine first formed by hydro-
lysis, viz. apophyllic acid (GsH,N04), opianic
acid, and hemipinic acid (CBH2(OCH3)2(COOH)2),
this last acid being isorqeric with the meta-
hemipinic acid obtained by the oxidation of
papaverine (Goldsehmiedt, M. 9, 762).

There can be no doubt that narcotine is
composed of a residue of cotarnine and of
opianic acid. Cotarnine on oxidation furnishes
apophyllic acid, whieh seems to be the methyl
betaine of cinchomeronic acid (pyridine dicarb-
oxylic acid) ; it is also obtained by the oxida¬
tion of cinchonine (v. Quinine and the cinchona
alkaloids). Cotarnine and opianic acid, as
indieated above, are benzene derivatives. The
exact constitution of cotarnine, as well as the
mode in which its residue is united to that of

opianic acid in the molecule of narcotine, is not
yet fully established. It seems probable, how-
ever, that cotarnine is the methoxyl derivative
of hydrastinine, and narcotine the methoxyl
derivative of hydrastine (v. Berberine and the
berberis alkaloids), in whieh case the nucleus
(probably iso-quinoline) of these alkaloids must
be identieal (Schmidt a. Wilhelm, Ar. Ph. [3]
26, 329 ; Roser, A. 249, 156, 168 ; 254,334, 359).

Napelline. A name applied by Hùbschmann
to what was probably a mixture of amorphous
alkaloids from Aconitum Napellus. V. Aconitine
and the aconile alkaloids.

Nicotine C10H14N2, a volatile alkaloid found
as a sait (malate) in tobacco (Nicotiana Taba-
cum) and in the various species of Nicotiana.
It is probable that this alkaloid also occurs in
Indian hemp (Cannabis Indica) ' (Preobra-
schensky, P. Z. 1876, 705), and in the Aus-
tralian plant ' pituri ' (Duboisia Hopwoodii)
(Liversidge, C. N. 43, 124 ; Petit, Ph. [3] 9,
819), but its presence in these two plants needs
confirmation. Tobacco may contain from 1-8
p.c. ; thecommon varieties contain from 1-4 p.c.,
the best samples containing the least nicotine.

Préparation.—Finely powdered tobacco leaves
areexhausted eitherwith boiling water or alcohol.
The concentrated aqueous solution, or the residue
left on the distillation of the alcohol, is mixed
with a slight excess of lime or potash, anddistilled
in a current of steam. The distillateismadeacid
with oxalic acid, and evaporated toasyrup. This
is mixed with ether, and then aqueous potash
is gradually added to liberate the nicotine, whieh
dissolves in the ether. The ether is removed,
and the liquid extracted with more ether. The
ethereal solution is distillée!, and the residue of
moisture is finally distilled off in a stream of
hydrogen (Laiblin, A. 196, 130 ; Schlôsing,
A. Ch. [3] 19, 230).

Properties.—Pungent hygroseopic liquid,
which oxidises on exposure to air, becoming
brown and resinous ; b.p. 247°. Distils without
décomposition in a stream of hydrogen or amyl
alcohol, but suffers oxidation when distilled in
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air. Bel. dens. 1-0110 at 20° (Landolt, A. 189,
318). Laevorotatory, [o]D= — 61*55 ; salts, dextro-
rotatory. Mixes in ail proportions with water,
alcohol, and ether. Water also dissolves in
nicotine with évolution of heat, forming what
appears to be a hydrate, which crystallises when
the solution is cooled. The aqueous solution of
nicotine is stroDgly alkaline, and précipitâtes the
solutions of many metallic salts. A diaeidic
base ; most of the salts are crystalline, and con-
tain the full proportion of acid. Nicotine and
.its salts are powerful poisons.

Reactions.—Nicotine or its salts are precipi-
tated, even in dilute solutions, by the usual
alkaloidal reagents. Concentrated sulphurie acid
colours it red. Warm hydrochloric acid dis¬
solves it with the production of a violet colour,
and nitric acid with the formation of an orange
colour.

In combining with alkyl iodides, nicotine
behaves as a tertiary diamine.

Nascent hydrogen converts nicotine into a
hcxahydride. When its vapour is passed through
a red-hot tube a number of homologous pyridine
bases (pyridine, picoline, fî-propyl pyridine, &c.)
are obtained.

On oxidation nicotine furnishes nieotinic acid

(/3-pyridine càrboxylic acid).
Nicotine is probably a di-pyridine, but its

exact constitution is still uncertain (Cahours a.
Etard, C. E. 88, 999 ; 90, 275 ; 92,1079).

Oxy-acanthine v. Berberine and the berberis
alkaloids.

Papaverine v. Morphine and the opium
alkaloids.

Pelletierine CsH,5NO is a liquid alkaloid eon-
tained in pomegranate bark (Punica Granatum).

Properties.—Liquid ; rel. dens. -988 at 0°.
Darkens and resinifies in air ; b.p. 195°. Dextro-
rotatory. Soluble in water (1 in 20 at 15°);
readily soluble in alcohol, ether, and chloroform.
The aqueous solution is alkaline. The salts are
crystalline.

Isopelletierine(CsH]5NO) eradmethyl-pelletier-
ine (00H17NO) are two liquid alkaloids, also
found in pomegranate bark. Pseudo-pelletierine
(C0H15NO) is a crystalline solid, m.p. 46°, found
in the same plant. Ail these alkaloids are
apparently nearly related (Tanret, Bl. 82, 464,
466 ; 36, 256).

Pelosine v. Buxine.
Physostigmine v. Eserine.
Pilocarpine CnH18N202, an alkaloid occur-

ring in the leaves of jaborandi (Pilocarpus
pennatifolius) and in other species of pilocarpus
(Hardy, Bl. 24,497 ; Gerrard, Ph. [3] 5, 865, 965 ;
Harnack a. Meyer, A. 204, 67); v. also Jaborandi.

Préparation.—The leaves are extracted with
alcohol (84 p.c.) to whicli 1 p.c. of strong aqueous
ammonia lias been added in order to effect the
libération of the base from its sait. The solution
is neutralised with tartaric acid, and the alcohol
distilled. The residue is extracted with alcohol
made alkaline with ammonia, the alcohol dis¬
tilled from the clear liquid, and the pilocarpine
extracted from the residue with chloroform.
The impure alkaloid left on the evaporation of
the chloroform is converted into the nitrate, and
the sait crystallised from its solution in boiling
alcohol. The pilocarpine may be obtained from
the pure nitrate by décomposition with ammonia,

and extraction of the aqueous solution with
chloroform (Gerrard, Ph. [3j 7, 225 ; Poehl, h.
13, 2401).

Properties.—Crystals, easily soluble in water,
alcohol, and chloroform, slightly soluble in ether.
Dextrorotatory [a]n= +101-6°. Pilocarpine has
acid as well as basic properties. It dissolves in
aqueous alkalis, forming salts which are solu¬
ble in water and alcohol, but do not crystallise.
They are decomposed by carbon dioxide, pilo¬
carpine being regenerated.

The copper and silver salts are sparingly
soluble in water. These compounds are the
salts of the monobasic pilocarpic acid

(CnH]8N.A),
of which pilocarpine is the anhydride. Thefree
acid is unknown (Hardy a. Calmels, Bl. 46,479 ;
48, 221).

In combining with acids, pilocarpine acts ss
a monacidie base. The principal salts are
crystalline.

Pilocarpine itself combines with platinuni
and gold chlorides, forming crystalline addition
compounds. The usualplatinichloride and ami
chloride also exist (Hardy a. Calmels, Bl.48,220).

Pilocarpine and its salts are poisonons;
they exert a myotic action—i.e. cause contrac¬
tion of the pupil of the eyes—and also act, even
in small doses, as sialogogues, producing a great
increase of the flow of saliva.

Reactions.—When heated to 150° pilocarpine
décomposés into jaborine (C22H32N404),p!ioanj-
idine (C]0HhN2O2), and jaboric acid,

(C„,H25N205)
(Hardy a. Calmels, Bl. 46, 479 ; 48, 225). Jabor¬
ine and pilocarpidine also occur in jaborandi
leaves. The physiological action of pilocarp¬
idine is similar to that of pilocarpine, but the
action of jaborine is antagonistic to that ol
pilocarpine and resembles that of atropine.

Concentrated hydrochloric acid, when lieatei
with pilocarpine, produces methyl alcoM and
pilocarpidine.

When strongly heated with water in a closed
tube, pilocarpine breaks up into frimefijl-
aminé and /3-pyridine a-lactic acid

C1IH16N„02 + H.)0 =

(CH3)sN + CH3.C(CsH1N)0H.C02H.
Oxidation with permanganate converts pilo¬

carpine into trimathylamine, ammonia, and
pyridine-tartronic acid, which on further oxida¬
tion furnishes nieotinic acid (C5HtNCOOH)
(/3-pyridine càrboxylic acid).

When barium pilocarpate is distilled, a net
base jabonine C,„HhN2 is formed.

The constitution of pilocarpine has been
elueidated, and its synthesis effected, by Hardv
and Calmels (Bl. 48, 234 ; C. E. 105, 68). The
principal steps are as follows : 0-pyridine a-
laetic acid (CH3.C(C5H4N)0H.C02H) is converted
into pilocarpidine by replacing its alcoholic
hydroxyl by the residue of trimethylanàe
(N(CH3)2). In order to effect this change, lie
acid is heated with phosphorous bromide, which
replaces the alcoholic hydroxyl by bromine,
forming the corresponding pyridine bromo-
propionic acid (CH3C(C3jpN)BrC0A)-
this acid is heated with an aqueous solution ol
trimethylamine to 150°, methyl bromide is pro-
duced, together with pilocarpidine

(CH3.C(C5H4N)N (CH3)2.C02H).
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Pilocai^pidine combines witli one rnolecular pro¬
portion of methyl iodide, forming pilocarpidine
methiodide (CHa.C(C3H4N.CH3I)N(CH3)2.C02H),
in which the methyl iodide is attached to the
nitrogen in the pyridine and not to that in the
aminé ; this compound is therefore isomerio,
and not identical with that which when decom-
posed with silver oxide would give pilocarpine.
If, however, pilocarpidine is heated with methyl
iodide and a solution of soda in methyl alcohol,
a compound is obtained in which methyl iodide
is attached to the nitrogen in the pyridine
residue, and methyl alcohol is united with the
nitrogen in the trimethylamine residue

(ÇH,.C(C5H1N.CH3I)N(CH3)2CH30H.C02H).
On oxidising this compound with silver perman¬
ganate, the methyl iodide only is attacked and
couverte! into silver iodide and formic acid.
The pilocarpie acid

(GH3.C(C3H4N)N(CH3)3OH.COOH)
thus fonned by the removal of the methyl
iodide at once loses water, forming its betaïne-
anhydride, pilocarpine

CH3C(C3H1N)N(CH3)3O.CO.

Piperine G17H|9N03, the alkaloid contained
in Piper nigrum and in P. album, as well as in
other plants belonging to the natural order
Piperaceœ. Commercial black and white pepper
contain from 5-9 p.c. of this alkaloid.

Préparation.—Piperine may be extracted
Irom finely powdered pepper, preferably white
pepper, by means of alcohol. The alcohol is
distilled from the solution, and the alkaloid
precipitated from the remaining aqueous residue
byadding excess of potash, so that the greater
part of the resin is dissolved. The base is
purified by crystallisation from alcohol.

Another plan is to mix the powdered pepper
with milk of lime, and boil the mixture for
about fifteen minutes ; it is then evaporated to
dryness on the water-bath. The free piperine
is extracted from the dry mass by means of
boiling ether and crystallised from alcohol (Caze-
neuve a. Caillot, Bl. [2] 27, 290).

Properties.—Monoclinic crystals ; m.p. 128-
129°. Slightly soluble in water, more soluble
in ether, alcohol, benzene, and chloroform.
Optically inactive. Piperine is a weak base.
It is not alkaline, and does not dissolve indilute
acids. The principal salts are formed by com-
bination with acids in the absence of much
water. The platinichloridc and mercurichlor-
idt are insoluble in water.

Réactions.—Piperine dissolves in strong sul-
phuric acid, forming a dark-red solution. Nitrie
acid converts the alkaloid into a resinous mass,
which dissolves in potash, producing a dark-red
solution.

When piperine is heated with aqueous
alkalis, it is hydrolyse! into a base piperidine
and piperic acid

Cl7H,„N03 + H20 = C3H, ,N + C12H10O4.
Piperidine is identical with the hexahydride of
pyridine, whilst piperic acid is a paraffinie
derivative of proto-catechuic acid

(C3H3(CH202)(CH)4COOH).
Piperine has been prepared by the action of the
chloride of piperic acid (piperyl ehloride) on

pyridine hexahydride (piperidine) (Rugheimer,
B. 15, 1390). Piperine is thus proved to be
piperyl piperidine ; it is probable that the
piperyl group is joined to the nitrogen of piperi¬
dine.

Piturine, the principal alkaloid contained in
the Australian plant ' pituri ' (Duboisia Hop-
woodii), is probably identical with nicotine (v.
Nicotine). This conclusion is supported by a
comparison of the physiological action of the
two alkaloids (Langley a. Diekenson, Journ.
Physiol. 11, 265).

Protopine C20H]7NO5 is found in Chelidonium
majus, Sanguinaria canadensis, and in very
small quantity in opium. Crystals ; m.p. 204".
The salts are crystalline ; the aurichloride
B.HAuC14 melts at 182° (Selle, Ar. Ph. 228, 441 ;
Kônig, C. C. 1891, i. 321).

Pseudaconitine v. Aconitine and the aconite
alkaloids.

Quinine and the Cinchona Alkaloids.
The barks of the différent species of cinchona

(C. officinalis, C. sur.ciriibra, C. Ledgeriana, C.
Calisaya, &c., &c.) contain a large number of
crystalline and amorphous alkaloids (v. Cin¬
chona bakk and Cinchona bases in Watts'
Dictionaby of Chemistky, new edit., and Die
Chinarinde by F. A. Miickiger, Eng. trans.,
1884). These alkaloids exist in the bark chiefly
as salts of quinie acid and cincho-tannic acid.
Only the most important of these eompounds
will be dealt with liere. The following are the
names and formulée of the principal cinchona
alkaloids :

Quinine
Quinidine

or Conchinine
le, ]I!,,N202

Cinchonine "l p tt vr n
Cinchonidine/ ,0 22 2
Quinamine "j
Quinidamine [■ C19H24N202.
or Cinchonamine J
Cupreine CleH22N„02 (from China Cuprca or

Bemijia pedunculata).
Quinine C20H24N2O2, the principal crystalline

alkaloid contained in the bark (not in the wood)
of many species of cinchona. The amount of
quinine contained in the différent species varies
considerably.

C. Ledgeriana is said sometimes to contain
as much as 11 p.c. of quinine, whilst C. offici¬
nalis, C. Calisaya, and C. succirubra, the
common varieties, usually contain from 2-5 p.c.
of quinine. The alkaloids which commonly
accompany the quinine in these barks are cin¬
chonidine, cinchonine, and quinidine, but the
kind and quantity of the accompanying alkaloids
vary in the différent species.

Préparation.—The total alkaloids are first
extracted from the bark. Water dissolves for
the most part only the alkaloidal quinates, and
not the cinchotannates. The cinchotannates
may be dissolved by a dilute acid (sulphuric orhy-
drochloric acid), orthey (as well as the quinates)
may be decomposed, and the alkaloids Ûberated
by mixing the bark with an aqueous alkali
(lime and water). The various processes pro-
posed for the extraction of the total alkaloid
from cinchona bark involve the décomposition
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of the natural salts in one or other of these two |
ways. Extraction with dilute hydrochloric acid,
■winch was at first largely resorted to, lias been
almost entirely abandoned, since much colour-
ing matter is dissolved as well as alkaloid, and
its complété removal complicated the subséquent
opérations. On the large scale the finely pow-
dered bark is mixed with about one-third of its
weight of slaked lime, and made into a paste with
water. The mixture is thoroughly dried at 100°,
powdered, and exhausted in an extraction appa-
ratus with boiling petroleum (Landrin, C. E.
108, 750), alcohol, or amyl alcohol. On the
small scale, chloroform, ether, or a mixture of
three volumes of benzene with one of amyl
alcohol may be employed. The alkaloids are
removed from the solvent by agitating it (or, in
the case of alcohol, the evaporated residue is
similarly treated) with dilute hydrochloric acid,
and the alkaloids are precipitated from the clear
acid solution by a slight excess of soda or
ammonia.

The alkaloids thus obtained from an ordinary
commercial specimen of cinchona bark will, as
a rule, be chiefly composed of quinine, cinchon-
idine, cinchonine, and a little quinidine.

A nearly complété séparation of the quinine
may be effected by taking advantage of the
smaller solubility of quinine sulphate in cold
water. The total alkaloid is dissolved in a

slight excess of very dilute sulphuric acid, and
almost, but not quite, exactly neutralised with
dilute soda or ammonia. The solution is heated
to 100°, and diluted with hot water, so that for
each gram of total alkaloid taken there will be
about 70 c.c. of solution. On cooling this solu¬
tion to 15°, quinine sulphate will crystallise,
whilst nearly the whole of the other alkaloidal
sulphates will remain dissolved. The sait
thus obtained is recrystallised several times
from boiling water. Great care must be taken
in the first instance not to leave the liquid more
than just perceptibly acid, or the quinine sul¬
phate will be converted into the exceedingly
soluble acid sulphate. Hesse affirms that quinine
sulphate may be entirely freed from small quan¬
tifies of cinchonidine sulphate (which is the
most dilïicult to remove) by two crystallisations
from faintly acidulated water (Ph. [8] 15, 869 ;
[3] 16, 818 ; cf. Davies, Ph. [3] 16,358 ; Kerner,
Ar. Ph. [3] 16, 191; Jungfleisch, Ph. [3] 17,
585).

The quinine may also be separated, but less
satisfactorily, by extracting the total alkaloid
with ether, in which the other alkaloids, espe-
cially cinchonine, are much less soluble.

Properties.—Amorphous and anhydrous when
precipitated by alkalis from solutions of its salts,
but crystallises with 8H20 from a solution in
dilute alcohol or aqueous ammonia. Crystalline
mono- and di- hydrates have also been described,
as well as an amorphous hydrate containing
9H„0. These hydrates lose the whole of their
water by prolonged exposure over sulphuric
acid, or at 100°, and more rapidly at 110-
120°. The ordinary trihydrate melts at 57° ;
the anhydrous alkaloid at 176° ; 172-8° (cor.)
(Lenz, Fr. 27, 559). Quinine is very slightly
soluble in cold water (1 in 1,960 at 15°), but is
rather less insoluble in hot water. The solu¬
bility in water is increased by the presence of

alkalis, especially ammonia, which readily dis¬
solves the alkaloid.

The aqueous solution is bitter and alkaline
to litmus. The following quantifies of quinine
trihydrate are dissolved by 100 parts of the
respective solvents at 15° ; absolute alcohol,
88-2 parts ; chloroform, 51*9 parts ; ether, 112
parts. Also soluble in carbon disulphide, benzene,
amyl alcohol, and petroleum spirit. Quinines
lœvorotatory ; for the anhydrous alkaloid [«]„.

— 106-6°. For déterminations of the rotatory
power in alcohol and ether, v. Hesse (A. 176,205).

Quinine readily dissolves in dilute acids,
forming salts. The acid solutions of the salis
show a magnificent blue fluorescence if the acid
used contains oxygen (e.g. sulphuric acid), bnt
not if the acid contains no oxygen (c.g. hydro¬
chloric acid). In the formation of salts quinine
behaves as adiacidic base, unlike most of the vege-
table alkaloids, which are monacidic. The salts
ordinarily met with, however, contain one mol.
prop. of a monobasie acid to one of quinine, or one
mol. prop. of a dibasic acid to two of quinine, 4t.
Nearly ail the quinine salts crystallise, and aie
readily soluble in water and alcohol. The hyiro-
cliloride B.HCl^HjO, préparée! by dissolving Ile
alkaloid in dilute hydrochloric acid, crystallises
in long, silky needles, soluble in water, alcohol,
and chloroform. Its solutions are lœvorotatory,
The di-hydrochloride B.2HC1 is produced when
dry hydrochloric acid gas combines with quinine.
The normal sulphate or di-quinine sulphlt
B2.H2S04,8IL,0, sometimes called ' bisulphate; is
the ordinary commercial sulphate of quinine.
It is prepared by exactly neutralising ™
dilute sulphuric acid with the alkaloid. When
the crystals are exposed to air they effloresce and
gradually lose 1H,0. The sait as usually met with
contains about 7411,0. Quinine sulphate is ver:
slightly soluble in water (1 in 740 at 15°), »1
differs in this respect from the normal sulphate
of the other principal cinchona alkaloids, ail::
which are more soluble. In boiling water quinine
sulphate is far more soluble (1 in 30), and me;
readily be obtained in crystals by cooling Ile
solution. The aqueous solution is very billet
and slightly fluorescent. Alcohol dissolves fe
sulphate much more easily than water (1 in Si
at 15° ; 1 in 3 at b.p.). The sait is slightly
soluble in chloroform (1 in 1000), and almost
insoluble in ether. Dilute acids dissolve large
quantifies of quinine sulphate ; sulphuric aoi:
converts it into the very soluble acid suljjkli
B2.(H,S04)2 or B.H,S04.

Quinine sulphate, like the alkaloid, is 1»
rotatory. In alcohol, at 15° [a]u = —166-36°; lot
the anhydrous sulphate in water, [a]D = - 2331?
(Hesse).

The sait of commerce is liable to be imp::
from the presence of the sulphates of othe
cinchona alkaloids. It may be puïified by re-
crystallisation from water, or, better, by clissolvirt
1 part of the commercial sait in about 30 pai;
of hot water rendered just acid with sulphn
acid. The crystals which separate are wasfe
with cold water and dried in the air (Hesse, 1
205, 218). For the methods of estimatif It
amount of pure sait in the commercial sulphfc
see later, Détection and estimation of quinai-

The acid sulphate or mono-quinine suljM
B.H2S04,7H20 is produced when the no®
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sulphate is dissolved in dilute sulphuric acid
(Hesse, A. 166, 221 ; 170, 214). The rhombie
crystals effloresee in air and lose tlieir water at
100°. The sait is very soluble in water (1 in 11
at 13° ; 1 in 8 at 22°) ; less soluble in alcohol.
The aqueous solution is extremely bitter, and
exhibits an intense blue fluorescence, which is
qaite perceptible in very dilute solutions. The
acid sulpbates of cinchonine and cinchonidine
do not produce this effect, but it is observed
with the acid sulphate of quinidine. By dis-
solving the acid sulphate in sulphuric acid a
sait containing an additional proportion of sul¬
phuric acid B.2H„S0j,7H„0 may be obtained
(Hesse, A. 166, 222").

Quinine and its salts are poisonous to animais,
butnottoman. In conséquence of its marked
antipyretic and tonic action, it is a valuable
therapeutic agent. A large proportion of the
quinine taken internally is excreted unehanged
in the urine.

Réactions and constitution.—The most strik-
ing qualitative reaction of quinine is that known
as the thalleioquin (0a\\ds, a young twig), colour
réaction. It is observed when weak chlorine-
water or bromine-water is gradually added to an
aciditied solution of quinine sulphate until a per¬
manent faint yellow colouration is perceptible ;
excess of the halogen must be avoided. Am-
raonia solution is at once added to this liquid,
drop bv drop, when a dark-green colouration or
prccipitate makes its appearance. If the green
liquid is acidified, its colour changes to red. This
reaction, which may be obtained with dilute solu¬
tions, is also given by some other alkaloids of
this group, notably by quinidine, but cinchonine
and cinchonidine do not exhibitit. Ammonia pré¬
cipitâtes the alkaloid from solutions of its salts,
the precipitate being soluble in excess ; quinidine
and cinchonidine are less soluble in solution of
ammonia; cinchonine almost insoluble. Potash
and soda also precipitate salts of quinine, but
the alkaloid is only slightly dissolved by excess
of these alkalis. The precipitated quinine is
readily soluble in ether, quinidine is less
soluble, cinchonidine still less soluble, whilst
cinchonine is nearly insoluble.

When an alcoholic solution of quinine sul¬
phate, acidified withdilute sulphuric acid, is nnixed
with an alcoholic solution of iodine, a reddish
precipitate is thrown down, which dissolves when
the liquid is heated, and on cooling separates in
iridescent crystals, which are green by refleeted
light and red by transmitted light. This sub¬
stance is an iodosulphate of quinine or periodide
of quinine sulphate (B4.(H2S04)3(HI)2I4,:rH20),
and has been called ' herapathite,' after its dis-
eoverer Herapath. Similar compounds may be
formed from the sulphates of other einchona
alkaloids ; and, since they are more soluble than
the quinine compound, De Vrij has proposed a
method of estimating quinine in which the
herapathite is collected and weighed, when it
will represent 55'055 p.c. of its weightof quinine
(De Vrij, Ph. [3] 6, 461).

Jfoderately concentrated solutions of quinine
salts are precipitated by ammonium oxalate, the
crystallinequinine oxalate (B2.H2C204,6H20) being
sparingly soluble.

Sodium tartrate, or Bochelle sait (potassium
sodium tartrate), in aqueous solution précipitâtes

moderately concentrated solutions of quinine
salts. The quinine tartrate B2.H2C4H406,H20 is
much less soluble than the quinidine and cin¬
chonine tartrates, but is rather more soluble
than cinchonidine tartrate. These facts are

utilised in the séparation and estimation of
quinine and cinchonidine.

Quinine is remarkable in forming a large
number of compounds, many of which are
crystalline, with différent organic bodies, hydro-
carbons of the benzene sériés, phénols, aldéhydes,
ureas, &c.

In its combinations with alkyl iodides, quinine
behaves as a tertiary diamine, e.g. combines
with one or two molecular proportions of methyl
iodide.

By heating a solution of quinine in glycérine
to 180-200° it is converted into the amorphous
isomeride quinicine, which, according to Hesse,
is not the same as the amorphous alkaloid
quinoïdine contained in cinchona bark. The
salts of quinine are also converted into salts of
quinicine on prolonged heating, especially in
presence of acids.

Quinine furnishes a mono-benzoyl and a
mono-acetyl derivative, as well as a mono-
ehloro- derivative by the action of phosphoric
chloride. It therefore contains one hydroxyl
group.

When quinine is heated with strong hydro-
chloric acid, one mol.prop. of methyl chloride is
produced, together with a base which has been
called apo-quinine (C1BH22N202) ; it contains
two hydroxyl groups. This reaction proves that
quinine contains a methoxyl (OCH3) group
(Hesse, A. 205, 323 ; Zorn, J. pr. 4, 44 ; 8, 279).

When brought into contact with a mixture
of zinc and dilute sulphuric acid, quinine com¬
bines with hydrogen to form the dihydride
(C,0H2eN2O2). Tused with alkali, quinine fur¬
nishes chiefly quinolidine (C]0HSNO), which is
para-methoxy-quinoline (Skraup, M. 3, 557 ; 6,
700). When oxidised with nitric acid or with
acid permanganate, quinine, like cinchonine,
yields cinchomeronic acid (pyridine-dicarboxylie
acid C5H3N(COOH)2), together with a pyridine-
tricarboxylic acid and other substances. By
oxidation with chromic acid, quinine furnishes
quininic acid (methoxy-quinoline carboxylic
acid C„HsN03), which is the para-methoxyl
derivative of a similar acid (cinchoninic acid
C10H,N02) obtained under the same conditions
from cinchonine.

These and other results lead to the conclusion
that quinine contains two quinoline residues, and
is the para-methoxyl derivative of cinchonine
(Skraup, M. 2, 587; 4, 695; B. 12, 1104);
v. also Cinchonine. According to Grimaux
and Arnaud, quinine is the methyl derivative
of cupreine (C. B. 112, 774, 1364), and may be
produced from cupreine by heating it in a sealed
tube at 100° with sodium methoxide and methyl
chloride; the methyl group takes the place of
the hydroxylic hydrogen, producing a meth¬
oxyl group.

Détection and estimation.—Quinine may be
detected by means of the properties and reactions
described above ; the fluorescence of solutions of
the acid sulphate, the solubility of the alkaloid
in ether, and the thalleioquin reaction being
especially useful.
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For the estimation of quinine in cineliona
bark several methods have been suggested. The
total alkaloids must tirst be extracted. This
may be accomplished by the following method
(Prescott), whieh is a slight modification of that
recommended in the German Pharmacopœia,
having been originally joroposed by Prollius
(Ar. Ph. 219, 85). The solvent employed is
made by mixing 85 grms. of ether (sp.gr. -724-
•728) with 10 grms. of alcohol (sp.gr. -830-'834)
and 5 grms. of aqueous ammonia (sp.gr. '960).
Twenty grms. of the cinchona bark, very finely
powdered, are mixed in a stoppered bottle with
200 grms. of the solvent. After standing and
occasionally agitating for a few hours—or,
according to De Yrij, for one hour—any loss
of the liquid from evaporation is compen-
sated for by adding the requisite weight of the
solvent. About 120 grms. of the clear solu¬
tion are poured ofï, and distilled or evaporated to
dryness. The weight of this residue is some-
times taken as that of the total alkaloid, but it
bas been frequently pointed out that it is not
entirely composed of alkaloid. To obtain the
weight of the pure total alkaloid, the residue
should be dissolved in dilute hydrochloric aeid,
the solution filtered, made alkaline with am¬
monia, and the alkaloid dissolved out with
chloroform in the usual way ; or the alkaloid
may be precipitated from the aeid solution with
a very slight excess of aqueous potash, collected,
washed, and weighed.

Another slight modification of the process
deseribed in the last German Pharmacopœia
(1890) has been proposed by Haubensak (C. C.
1891, i. 1006, and C. J. 60, 1402), and is said to
afford satisfactory results.

Flûckiger (Le.) has proposed to liberate the
alkaloids from the bark by mixing with lime and
water, instead of ammonia, and to exhaust the
dried mixture with boiling ether in an extrac¬
tion apparatus. Caries (Fr. 9,497) recommends
the libération of the alkaloids by means of
lime and extraction with boiling chloroform.
The British Pharmacopœia (1885) also re¬
commends the use of lime, and, as the sol¬
vent, a mixture of one volume of amyl alcohol
with three of benzene. The United States

Pharmacopœia also employs lime for the libéra¬
tion of the alkaloid, but suggests alcohol for its
extraction. Whenever a solvent not soluble in
water is employed, the alkaloids may be removed
from it by agitation with a dilute aeid ; or the
solvent may be distilled, and the residue dissolved
in dilute aeid. The total alkaloid is precipitated
from the aeid solution with a slight excess of an
alkali (ammonia), the precipitate being collected
and washed, or the liberated alkaloid may be
dissolved by agitation with chloroform, which is
finally evaporated and the residue weighed. For
a criticism of the différent methods of estimating
the total alkaloids, v. Burg (Fr. 4, 273 ; 9, 305).

The principal methods which have been pro¬
posed for the séparation and estimation of the
quinine in the total alkaloids dépend upon the
smaller solubility of the quinine sulphate, or
the smaller solubility of the quinine (and
einchonidine) tartrate, or the greater solubility
of quinine in ether.

The use of ether is not to be recommended
for the séparation of the quinine, since it has

been shown that in presenee of eaeh other there
is not the same différence between the respective
solubilities of quinine, quinidine, and einchon¬
idine as when they are separately dissolved in
ether, and that in conséquence of the greater
solubility of einchonidine in the presenee of
quinine, the results of the estimation of quinine
by this method are invatiably too higli. Never-
theless, the amount of ' ether-soluble alkaloid'
is often accepted in commerce as a rough indi¬
cation of the quantity of quinine in the total
alkaloid.

The following method, a slight modification
of that given in the United States Pharmaco¬
pœia (Prescott), is said to be accurate. A
quantity (1-5 grms.) of the total alkaloid is
weighed in a beaker, a small quantity of warm
water is added, and the mixture titrated with
decinormal sulphuric aeid until it is just acidto
litmus. The solution is heated for about 15
minutes on the water-bath, and at the end of
this time should still be feebly aeid. The warm
liquid is now titrated to exact neutrality with
decinormal soda solution. The number of
c.c. of soda solution required, deducted from
the number of c.c. of aeid used, gives the
number of c.c. of aeid neutralised by the
total alkaloid, and this number multiplie!
by -03 ought to give a close approximation to
the amount in grms. of total alkaloid originally
taken.

The amount of total alkaloid having been
thus verified by titration, the neutralised liquid
is diluted with water until its weight is 70 times
that of the total alkaloid, and then heated to
about 90°forfive minutes. It is now cooledtokr,
and kept at this température for half an hour.
If crystals have not separated, there is not more
t-han eight p.e. of quinine in the total alkaloid.
As a rule crystals will be deposited, and these
must be collected on a small weighed filter, and
washed with sufficient cold water (15°) to make
the total weight of filtrate equal to 90 times
that of the total alkaloid présent. The crystals
are dried at 100°, and weighed as anhydrous
sulphate of quinine. To this weight must be
added -12 p.c. of the weight of the filtrate and
washings, in order to eompensate for the loss of
the sulphate through its solubility in water at
15°.

The British Pharmacopœia (1885) recom¬
mends the following method by means of which
the quinine and einchonidine are estimated
together as tartrates. The total alkaloids (from
about twelve grms. of bark) are first obtained
and dissolved in diluted hydrochloric aeid.
The warm liquid is exaetly neutralised with
ammonia, and evaporated until it has the
volume of about 10 c.c. To this liquid is added
a solution made by dissolving about one grm.
of Bochelle sait in twice its weight of water, and
the mixture is well stirred. After having stood
for one hour, the precipitated tartrates of quinine
and einchonidine are filtered, washed, dried,
and the mixture of anhydrous tartrates weighed.
It has been proposed to estimate the amount of
quinine présent in the mixture of tartrates by a
polariscopic method depending on the fact that
the spécifie rotation of einchonidine tartrate
([o]d = —137-67° for the anhydrous tartrate) is
mueh smaller than that of quinine tartrate
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([a]D = - 220° for the anhydrous tartrate) (Kop-
peschaar, Fr. 24, 362 ; Oudemans, A. 182, 33).

Estimation of the quinine in the commercial
sulphate.—Commercial quinine sulphate is
rarely, if ever, quite pure. That intended for
médicinal use should not contain ' much more

than 5 p.c. of the sulphates of other cinchona
alkaloids ' (Brit. Pharm. 1885). The principal
impurity is usually cinchonidine sulphate, but
there may also be présent the sulphates of
quinidine and cinchonine, whilst if the alkaloid
lias been derived from cuprea bark the sulphate
of cupreine may be found.

The various methods of examining commer¬
cial quinine sulphate for the sulphates of other
cinchona alkaloids dépend either on the greater
solubility of the quinine in a definite volume of
aqueous ammonia (Kerner's test), or in a definite
volume of ether (the so-called ' Liebig's test '),
or on a combination of these two facts (Hesse's
test).

The German Pharmacopœia (1882) gives the
following directions for the application of
Kerner's test. Two grms. of the quinine sul¬
phate are agitated with 20 c.c. of water at
15°, and the mixture allowed to stand for 30
minutes ; 5 c.c. of the clear solution are

placed in a test tube, and aqueous ammonia
(rel. dens. -960) added in small quantities at a
time until the precipitated alkaloid is dissolved.
Kerner's test is said to be more delicate if the
mixture of water and quinine sulphate is first
he&ted on the water-bath for half an hour and
then cooled to 15° (Paul, Ph. [3] 7, 653). This
modification of the test is introduced into the
new German Pharmacopœia (1890), the digestion
being effeeted at from 60-65°, and the mixture
then cooled to 15° and kept at that température
for two hours. Five c.c. of the filtrate are then
precipitated with aqueous ammonia, which is
gradually added until the precipitate is just
re-dissolved. The German Pharmacopœia states
that not more than 4 c.c. of aqueous ammonia
should be required to form and re-dissolve the
precipitate.

The Freneh and United States Pharma-
copœias direct that 7 c.c. of aqueous am¬
monia be added at once to the whole of the
filtrate. Any precipitate which remains, or is
deposited after some hours, is collected and
weighed ; this indicates the proportion of foreign
alkaloid présent. If the ammoniacal liquid
remains clear, there cannot be more than one
per cent, of cinchonine or quinidine présent or
more than traces of cinchonidine. Five c.c. of
the liquid evaporated to dryness on the water-
bath ought not to yield more than -015 grm. of

.residue.
Kerner (Ar. Ph. [3] 17, 438) has proposed to

apply his method volumetrically by adding the
ammonia solution from a finely graduated
burette, and observing how much is required to
produce a clear solution as compared with that
needed for pure quinine sulphate [cf. Buddiman,
C. N. 58 , 202, 216 , 220). The test ascribed to
Liebig, apparently erroneously, which dépends
on the différent solubilities of the cinchona
alkaloids in ether, is unsatisfaetory for the
reasons mentioned above.

Hesse (Ar. Ph. [3] 13, 490) has proposed to
combine 1 Liebig's ' and Kerner's test into one

process. A slight modification of this method
is adopted in the British Pharmacopœia (1S85)
for the détection of cinchonidine and cinchonine.
About 6 grms. of the quinine sulphate are dis¬
solved in about 160 c.c. of boiling water,
containing ' three or four drops of diluted sul-
phuric aeid ' (13-6 p.c.). The solution when
cold is filtered from the quinine sulphate which
has crystallised. The clear liquid is placed in
a flask, so that the meniscus is situated in the
lower portion of the neck. Ether is now added
until, after shaking, a distinct layer of ether
remains undissolved. Ammonia is then added
in slight exeess, and the mixture well shaken
until the precipitated alkaloidis justre-dissolved.
After standing for some hours, any crystals
which may have separated are removed, washed
with a little ether, dried, and weighed. Four
grms. of this alkaloid correspond with 5 grms.
of crystallised sulphate of cinchonidine or cin¬
chonine. This method is trustworthy if the
addition of ' the three or four drops of diluted
sulphurie acid ' is omitted (Paul, Ph. [3] 17, 647 ;
19, 665). For the estimation of cinchonidine
sulphate when this alkaloidal sait alone is pré¬
sent in the quinine sulphate, Hesse (A. 205, 217 ;
Ph. [3] 15, 869) has proposed an optical method
depending on the fact that the cinchonidine
sulphate exerts a much smaller rotation of
the polarised ray than an equal weight of
quinine sulphate. Much différence of opinion
prevails with respect to the accuracy of this
method as compared with the chemical processes.
On the whole it wo'uld appear that one of the
chemical methods of séparation is to bepreferred
(v. also Cinchonidine). Quinidine, if présent,
would not be separated in the foregoing test, and
therefore the British Pharmacopœia includes
the following method, which is based on the
fact that quinidine sulphate is more soluble in
the acidified water than quinine sulphate, and
that of the two hydriodides, the quinidine
hydriodide is less soluble in water. About three
grms. of the quinine sulphate are crystallised
from acidulated water as above described. A
little alcohol is added to the filtrate (to dissolve
the hydriodide of the amorphous alkaloid),
together with a strong solution of potassium
iodide. The precipitated quinidine hydriodide
is collected, washed with a little water, and
weighed. Its weight is approximately équiva¬
lent to that of the crystallised quinidine sul¬
phate.

The cupreine sulphate (v. Cupreine) may be
found and estimated by taking advantage of the
slight solubility of cupreine in ether. The
cupreine sulphate, being but sparingly soluble in
cold water, will be mixed with the recrystallised
quinine sulphate which was removed in testing
for cinchonidine and cinchonine. The quinine
and cupreine sulphates are mixed with 28
c.c. of ether and 7 c.c. of aqueous ammonia
(10 p.c.). After shaking the mixture the
ethereal solution is removed and added to
that obtained in the test for cinchonidine and
cinchonine, out of which these alkaloids had
crystallised. The ethereal solutions are now
agitated with about 7 c.c. of aqueous soda
(10 p.c.), which dissolves the cupreine. The
ether is removed, the alkaline solution washed
with more ether, and finally heated to 100"..
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The liot liquid is exactly neutralisée! with dilute
sulphuric acid, and when tlie solution is eold
the cupreine sulphate wkicli lias crystallised out
is eollected, dried, and weighed.

For further information concerning the
détection, séparation, and estimation of quinine
and the other cincliona alkaloids, v. Fliickiger,
Die Chinarinde ; Dragendorff, Plant Analysis ;
Preseott, Organic Analysis. For a comparison
of the various methods of examining commer¬
cial quinine sulphate, v. Lenz, Fr. 27, 549.

Quinidine or Conchinine C20H2(N2O2. This
isomeride of quinine is contained in small
quantity in most of the ordinary cinchona barks,
especially in China Cuprea (Remijia) and Cin¬
chona Calisaya, which sometimes contain as
mueh as 3 per cent. (liesse, A. 174, 338). It is
most conveniently procured from the amorphous
mixture of cinchona alkaloids commercially
known as ' quinetum.' The powdered quinoïdine
is extracted with ether, and the ethereal solution
shaken with dilute sulphurie acid. The neutral-
ised aqueous liquid is precipitated with a strong
solution of Rochelle sait, and the concentrated
iiltrate, decolourised if necessary with charcoal,
precipitated with a strong solution of potassium
iodide. The impure quinidine liydriodide is
washed and dissolved, and the alkaloid precipi¬
tated from the solution with ammonia. The
precipitated alkaloid is now dissolved in dilute
acetic acid, and, if necessary, again decolourised
with charcoal. The alkaloid is then reprecipi-
tated with ammonia, and crystallised from
boiling aleohol (Hesse, A. 146, 357 ; 166, 232).

Properties.—Large prismatie crystals eon-
taining 2jH20, which lose JH20 on exposure to
air or on recrystallising from ether, and 1H20
on crystallising from boiling water (Hesse, B.
10, 2154).

The dry alkaloid melts at 171-5° (cor.) (Lenz,
Fr. 27, 571). Dextrorotatory (Hesse, A. 174,
337 ; 182, 139). Very slightly soluble in water
(1 in 2,000 at 15°; 1 in 750 at 100°), more
soluble in aleohol (1 in 26 at 20°), and in
ether (1 in 22 at 20°) ; also dissolved by
amyl aleohol, benzene, and chloroform, but not
appreciably by light petroleum. Dilute acids
dissolve the alkaloid abundantly, and, like
quinine, the solutions, if acid with sulphuric
acid or other oxygenated acid, exhibit a blue
fluorescence. Like quinine, quinidine is a
diacidic base, but only its normal salts are
usually met with. • The no?inal sulphate
B2.H2S04,2H„0 is more soluble in cold water
than the quinine sait (1 in 100 at 15°), and also
in chloroform (1 in 20 at 15°). The acid sul¬
phate B.HjSO,, is very soluble in water, and its
solution is highly fluorescent. The hydriodùle
B.HI is an important sait, since it is much less
soluble in water (1 in 1250 at 15°) than the
hydriodides of the other cinchona alkaloids, and
is therefore employed in isolating and in esti-
mating quinidine. It is precipitated at once, or
from dilute solutions after standing and stirring,
as a crystallinepowder when potassium iodide is
added to a neutral or slightly acid solution of a
quinidine sait. In presence of much acid the
soluble dihydriodida B.(HI)2 is produced.

Quinidine and its salts have a very bitter
taste, and exert a physiological and therapeutic
action very like that of quinine. For a îist of

the principal salts v. Cinchona bases in Watts'
Dictioxary of Chemistry, by Muir a. Morley,

Reactions.—The ehief reactions of quinidine
resemble those of quinine. It affords the thaï-
leioquin colour reaction (v. Quinine). Its de-
rivatives and décomposition products are in
most cases almost or quite identical with those
of quinine, from which it would seem to difler
only in the position which the hydroxyl group
occupies in the molecule.

Détection ancl estimation.—Quinidine may
be detected by the fluorescence of acid solutions
of its salts, by its afiording the thalleioquin re¬
action, by solutions of its salts not being preci¬
pitated by solution of Rochelle sait (distinction
from quinine and cinchonidine), and by the for¬
mation of the insoluble hydriodide &c., and by
other properties described above. For the esti¬
mation of the alkaloid in cinchona bark, advan-
tage may be taken of the solubility of the normal
sulphate in chloroform or cold water, the solu¬
bility of quinidine tartrate, and the formation of
the hydriodide, which is colleeted and weighed.
The quinine and cinchonidine having been re-
nioved from the total alkaloids as tartrates (t.
Estimation of quinine), the filtrate, somwhit
concentrated, is precipitated with a saturated
solution of potassium iodide. After standing
for an hour the quinidine hydriodide is colleeted,
washed with a little cold water, dried, and
weighed.

For the estimation of quinidine in commercial
sulphate of quinine v. Quinine sulphate.

Cinchonine C^H^IS^O is an alkaloid corn-
monly occurring in cinchona bark to the extent
of about -2-2 p.c. It may be readily préparé!
from the mother-liquor remaining from the
préparation of quinine (q. v.). This solution,
which contains cinchonine sulphate, is precipi¬
tated with soda, and the precipitate crystallised
from its solution in aleohol. The alkaloid thus
obtained is purified by converting it into the
normal sulphate, which is repeatedly crystallised
from water (Hesse, A. 122, 226) ; or the precipi¬
tate produced by the soda may be dried and
digested with cold ether in which cinchonine is
very slightly soluble. The residue is crystallised
from aleohol.

Properties.—Anhydrous monoclinic prisms
(from aleohol), or amorphous when precipitated;
m.p. 255-4° (cor.) (Lenz, Fr. 27, 572), 248-252'
(Hesse, A. 205, 211). At a higher température
it sublimes, with some décomposition. Almost
insoluble in water (1 in 3,670 at 20°), slightly
soluble in ether (rel. dens. -730, 1 in 371 at 10 )
and in benzene, more soluble in aleohol (rel.
dens. -852, 1 in 126 at 20°) and in chloroform
(1 in 356 at 17°), but most readily in a mixture
of chloroform and aleohol, which dissolves more
than either liquid alone. Soluble in amyl
aleohol, nearly insoluble in aqueous ammonia,
in light petroleum, and in absolute aleohol.
Readily soluble in dilute acids, but the solu¬
tions are not fluorescent. Dextrorotatory, at
17° (a]„= +223-3° (Oudemans, A. 182, 44).

Cinchonine is a diacidic base, but the ordinary
salts are normal. In composition tkey corre¬
spond with those of quinine. The normal
sulphate B2.H2S04,'2H20 is soluble in water (lin
70 at 15° ; 1 in 14 at 100°) ; soluble also in
aleohol (1 in 6 at 15°), and in chloroform (1 in
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60 at 15°). The acid sulpliate B.H2S04,4H20 is
very soluble in water, but, unlike the correspond-
ing quinine and quinidine salts, its aqueous
solutions are not fluorescent, although commer¬
cial specimens of the sulphate, when dissolved
in dilute sulphuric acid, are usually slightly
fluorescent owing to the presence of quinine or
quinidine. The salts of cinchonine are very
bitter, and appear to exert the same physio-
logical and therapeutic action as quinine,
although much less powerfully. For a list of
tbe principal salts v. Cinchonine in Watts'
Dictioxarï of Chejiistky.

Like quinine, cinchonine combines with
phénols and certain other organic compounds.

Réactions.—The reactions of cinchonine are

similar to those of quinine. It does not, how-
ever, afîord the thalleioquin colour reaction.

In its combinations with methyl iodide cin¬
chonine, like quinine, acts as a tertiary diamine.

When heated with glycérine to 180-210°, it
is changed into its amorphous isomeride cin-
chonicinc, which is also formed when the sul¬
phate is heated. Like quinine, cinchonine forms
a dihydride (CI8H24N20). It also resembles
quinine in furnishing mono-benzoyl and mono-
acetyl derivatives, and therefore, like it, contains
a single hydroxyl group.

When strongly heated with hydrochloric
acid, cinchonine does not furnish methyl
chloride. It therefore does not contain methoxyl.
When oxidised with chromic acid, cinchonine
affords chietiy cincJioninic acid (7-quinoline-
carboxylic acid) (Kônigs, B. 12, 97 ; Skraup,
A. 201, 294).

By the action of nitric acid there are pro-
duced, besides cinchoninic acid, cinchomeronic
acid (pyridine-dicarboxylie acid) and other sub¬
stances (Weidel, A. 173, 76). By distillation
over zinc-dust, cinchonine yields quinoline and
pyridine derivatives.

When distilled with alkali, a large quantity
ol quinoline and methyl-pyridines are produced,
together with several acids of the acetic sériés.
Phosphoric chloride replaces the hydroxyl group
in cinchonine by chlorine, and this chloro-cin-
chonine (C18H2)C1N2) when heated with potash
loses hydrochloric acid yielding cinchene
(CyEjjN,,), which is a tertiary base furnishing
cinchoninic acid on oxidation. When strongly
heated with hydriodic acid, cinchene affords
apcinchcne C18Hl8NO and ammonia. Apo-
cinchene contains hydroxyl, and acts like a
phénol, from which it may be inferred that the
hydroxyl group in this compound is probably
attached to a benzene nucleus. The reactions
of cinchonine point to the conclusion that it is a
di-quinoline derivative, but its exact constitu¬
tion is still a matter of doubt.

Détection and estimation.—Cinchonine is
readily distinguished from quinine and quinidine
by not giving the thalleioquin reaction, as well
as by other properties deseribed above. From
cinchonidine, which it resembles in not giving
the colour reaction, it may be distinguished by
its slight solubility in aqueous ammonia and in
ether, and also by the solubility of its normal
sulphate in chloroform. The amount of cin¬
chonine contained in the total alkaloids of
cinchona bark may be estimated in the liltrate
and washings from which the quinidine has been

Vol. III. -T

separated as liydriodide (v. Quinidine), by pre-
cipitating it with soda, and digesting the driecl
precipitate with a small quantity of ether in
order to dissolve the amorphous alkaloid. The
residue is dried and weighed as cinchonine.

For the détection and estimation of cinchon¬
ine in commercial sulphate of quinine v.
Quinine sulphate.

Cinchonidine C,8H2,N20, an isomeride of cin¬
chonine, found in most varieties of cinchona
bark to the extent of from -5 — 5 p.c. Cinchoni¬
dine sulphate has been largely used in medicine
as a substitute for quinine.

Préparation.—The total alkaloids having
been extraeted from the cinchona bark (v.
Quinine), and the crystallised quinine sulphate
separated, the aqueous solution (containing cin¬
chonidine, cinchonine, and quinidine sulphates)
is precipitated with ammonia in slight excess,
and the precipitate repeatedly extraeted with
cold ether. The ethereal solution (containing
cinchonidine and quinidine) is slraken with
dilute hydrochloric acid, when the alkaloidal
hydrochlorides pass into the aqueous liquid,
which is neutralised, and the cinchonidine pre¬
cipitated as tartrate by the addition of solution
of Rochelle sait. The precipitate is dissolved in
hydrochloric acid, and precipitated with ammonia
in slight excess. The alkaloid thus obtained is
crystallised from its solution in boiling alcobol,
then converted into the normal sulphate, which
is crystallised. The crystallised sait is dissolved
in 25 parts of boiling water, and the solution
eooled to 35°, when any crystals which may
have separated are removed and twice recrystal-
lised. By precipitating a solution of this sait
with ammonia and crystallising the precipitate
from alcohol, pure cinchonidine is obtained
(Hesse, A. 135, 333 ; 205, 196).

The commercial sulphate of cinchonidine
may be purified by this process. It generally
contains small quantities of the sulphates of
other cinchona alkaloids, especially homo-
cinchonidine, an isomeride of cinchonidine
which occurs with it in cinchona barks (Hesse,
A. 205, 203).

Properties.—Anhydrous prismatic crystals,
which melt at 207'2° (cor.) (Lenz, Fr. 27, 564) ;
200-201° (Hesse, B. 14, 1888). Slightly soluble
in water (1 in 1,680 at 10°). Soluble in alcohol
(1 in 16'3 at 13°), and in ether (1 in 188 at
15°). Readily soluble in chloroform and amyl
alcohol. Slightly soluble in aqueous ammonia.
Very soluble in dilute acids. Laevorotatory,
[œ]D= —107'48° in alcohol (Hesse, A. 176, 219;
181, 137).

Cinchonidine is a diacidic base, but the salts
usually met with are normal. The normal sul-
phate B2.H2S04,6H20 is used in medicine. It is
readily soluble in hot water, but only sparingly
in cold (1 in 97/5 at 12°; 1 in 67 at 22°). The
acid sulphate B.H2S04,5H20 is very soluble in
water. Its solutions are not fluorescent.

Cinchonidine and its salts are very bitter.
Their therapeutic action is similar to, but
weaker tlian, that of quinine. The administra¬
tion of large doses is said to be attended with
danger.

For a list of tbe principal salts of cinchon¬
idine v. Cinchonidine in Watts' Dictionary of

Chemistey, by Muir a. Morley.
3 O
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Réactions.—The principal reactions of cin-
chonidine resemble those of its isomeride cin-
chonine. By the action of phospkoric chloride
tlie cliloro- derivative C,9H2,C1N2, isomeric with
the corresponding cinchonine derivative, is ob-
tained. Like cinchonine, therefore, cinchonidine
contains a single hydroxyl group. Although this
chloro-cinclionidine is isomeric, and not identi-
cal with chloro-cinchonine, when acted on by
potaslr it furnishes the same cinchene (v. Cin¬
chonine).

The products of the oxidation of cinchon¬
idine bynitrie acid and chromic acid are similar
to those afforded by cinchonine. When fused
with potash, cinchonidine furnishes quinoline.
The différences between cinchonidine and cin¬
chonine are apparently dépendent for the most
part on the différent positions occupied by the
hydroxyl group.

Détection and estimation.—Cinchonidine is
readily distinguished from quinine and quinidine
by not affordiDg the thalleioquin reaction, and
in its acid salts not being fluorescent. It differs
from cinchonine in its greater solubility in
ether, as well as by the slight solubility of its
tartrate &c. It may be identified by the pro-
perties described above. Cinchonidine may be
estimated in the total alkaloids from cinchona
bark by precipitating the liquid from which the
quinine has been removed by crystallisation
as sulphate with a strong solution of Bochelle
sait, when the cinchonidine tartrate is precipi-
tated. After standing some time, the precipi-
tate is collected, dried, and the anhydrous tar¬
trate weighed.

Another method consists in determining the
amount of quinine in a portion of the total
alkaloids, by crystallisation as sulphate, and in
a second portion of the total alkaloids precipi¬
tating the quinine and the cinchonidine as tar-
trates (v. Estimation of quinine). The amount
of quinine sulphate already found is then calcu-
lated into tartrate, and this quantityis deducted
from the weight of the mixed tartrates ; the re-
mainder is the amount of cinchonidine tartrate.

It has also beenproposed to separafe quinine
and cinchonidine (liberated from the tartrates)
by dissolving out the quinine with ether, but the
method does not afford accurate results, since
the solubility of cinchonidine in ether is in-
creased by the presence of quinine, owing
apparently to the formation of a compound of
the two alkaloids.

A polariscopio method of estimating cin¬
chonidine salts in presence of quinine salts has
been suggested, there being a considérable
différence in the rotatory power of cinchonidine
and quinine eompounds (y. Estimation of quin¬
ine). The method would seem to be trust-
worthy, especiallyfor the estimation of cinchon¬
idine sulphate in commercial sulphate of quinine,
although some observers have not obtained
satisfactory results with it (Hesse, A. 205, 217 ;
Ph. [3] 15, 869 ; [3] 16, 818 ; Schâfer, Fr. 26,
655 ; Éoppeschaar. ibid. 24, 362 ; Davies, Ph.
[3] 16, 358 ; Paul, ibid. [3] 16, 361).

For other information respecting the estima¬
tion of cinchonidine in commercial sulphate of
quinine v. Quinine sulphate.

Quinamine C19H2.,N202. An alkaloid found
by Hesse ip C. succirubra, and apparently

existing in small quantity in many of the ordi-
nary varieties of cinchona bark (Hesse, A. 106,
266 ; B. 10, 2157).

Préparation.—The total alkaloids are dis.
solved in dilute sulphuric acid, and the solutioa
neutralised with ammonia. The quinine and
cinchonidine are removed by precipitating the
liquid with a strong solution of Bochelle sali,
and the filtrate is then precipitated with soda,
The washed precipitate is extraeted with ether,
which dissolves the quinamine. The alkaloid
thus obtained is purified by extracting it with
dry ether, and erystallising the ethereal résidu-
from alcohol. The alkaloid is finally puriied
by conversion into the nitrate, which is re-crys-
tallised from water, and the alkaloid regenerated
from the pure sait (Hesse, l.c. ; Oudemans, A
197, 50).

Properties.—Long silky anhydrous needles :
m.p. 172°. Slightly soluble in cold water; toit
soluble in boiling alcohol, ether, benzene, and
light petroleum. Dextrorotatory. Quinamine
is coloured yellow by warm sulphuric acid, and
orange by nitric acid. The salts are crystalline,
and soluble in water.

Conquinamine C,„H24N202 is an isomeride
of quinidine, with which it occnrs in several
species of cinchona bark, especially in C. suc¬
cirubra (Hesse, A. 209, 62 ; Oudemans, A. 209,
38).

Properties.—Crystals ; m.p. 121°. Tery
slightly soluble in water. Soluble in alcohol,
chloroform, and ether ; dextrorotatory. The
salts are crystalline, and soluble in water.

Cupreine O,9H22N202 is an alkaloid contained,
together with quinine &e., in the bark of CMm
Cuprea (Remijia pedunculata), a plant closely
related to, though distinct from, the cinchonas
(Paul a. Cownley, Ph. [3] 15, 221, 401 ; Hesse,
A. 230, 57).

Préparation.—The total alkaloids of cuprea
bark are dissolved in dilute sulphuric acid, the
solution is exactly neutralised, when the sut
phates of cupreine and quinine crystallise ont.
These salts are dissolved in dilute sulphuric
acid, and precipitated with excess of soda, which
dissolves the cupreine and some of the quinine.
On shaking the mixture with ether, the quinine
is dissolved by it, whilst the alkaline solution
contains the cupreine. The aqueous liquid is
now neutralised with dilute sulphuric acid,
when the cupreine sulphate crystallises out.
The base is obtained by precipitating a solution
of the recrystallised sulphate with ammonia.
The precipitated alkaloid is crystallised from its
solution in boiling ether and dried. It ia then
washed with chloroform, and finally crystallised
from alcohol (Hesse, l.c.).

Properties.—Prisms with 2H20, which lose
their water at 120°, and melt at 198°. Slightly
soluble in ether and chloroform, more soluble
in alcohol. Soluble in aqueous soda and potash ;
less soluble in aqueous ammonia ; lœvorotatory.
Ferrie chloride produces a dark-green colour,and
ammonia, after the addition of chloriue water,
produces the green eolouration known as the
thalleioquin reaction (v. Quinine).

Cupreine possesses both acid and basic pro¬
perties. As a base it is diacidic. The normal
salts are yellow crystalline solids ; the acid salts
are colourless, and their solutions are not
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fluorescent. The acid properties of eupreine
resemble those of a phénol. It dissolves in
aqueous alkalis, and unités with bases to form
definite compounds. One of these is of especial
interest, viz. that produoed by the combination
of eupreine -with quinine, which may be effeeted
by dïssolving equimolecular proportions of
quinine and eupreine in dilute sulphuric acid,
precipitating with ammonia, and crystallising
from ether. This compound

(0ijH22N2O2.C20H22N2O2,4HjO)
ws first obtained from the total alkaloids of
cuprea bark, and was thought to be a single
alkaloid 1 homoquinine.' The substance melts
at 177°, is lœvorotatory, and dissolves with
difficulty in ether but readily in alcohol. It
behaves as a single diacidio base, and forms
well-crystallised salts ; the normal sulphate is
fluorescent in acid solution. The compound
may be resolved into its constituents by precipi¬
tating the sulphate with excess of soda, and ex-
tracting with ether, which dissolves some of the
quinine. By repeating the process a number of
times, the two alkaloids may be more or less
completely separated (Howard a. Hodgkin, C. J.
41, 66; Hesse, A. 225, 98 ; 226, 242 ; 230, 72;
Paul a. Cownley, l.c.).

For the methods of detecting eupreine in
commercial quinine sulphate v. Quinine.

Eubijervine v. Veratrine and the veratrum
alkaloids.

Sabadilline v. Veratrine and the veratrum
alkaloids.

Saiadine v. Veratrine and the veratrum
alkaloids.

Sabadinine v. Veratrine and the veratrum
alkaloids.

Sanguinarine C20H)5NO4 occurs in Sanguin-
aria canadensis ; m.p. 211°. It is a monacidic
base, whose salts form red crystals (Kônig,
C. C. 1891, i. 321).

Sarcine v. Theolromine and the alkaloids of
ta and coffee.

Sinapine C16HaN05, an alkaloid existing as
thiocyanate in white mustard seed, and also
produced by the hydrolysis of sinalbine, the
glucoside of white mustard (Babo a. Hirsthbrunn,
A. 84,10; Will a. Laubenheimer, A. 199, 162).
The base itself is unstable. It is hydrolysed
by boiling aqueous alkalis into choline and
j inapte acid

CltH23N05 + 2H,0 = C5H15N02+ CnH1205.
Solanine C4jH75NO]5? a substance at once

an alkaloid and a glucoside, which occurs in
various species of Solanum (S. Dulcamara, S.
mgrum) and also in young potato shoots (Des-
fosses, J. Ph. 6, 374 ; 7, 414 ; Zwenger a.
Kind, A. 109, 244 ; 118, 130 ; 123, 341 ; Hilger,
A. 195, 317 ; Firbas, M. 10, 541). Mueh uncer-
tainty still exists with reference to the correct
formula for this alkaloid, several différent for¬
mula having been suggested.

Properties.—Prismatic crystals ; m.p. 235°.
A feeble base, whose salts are decomposed by
water. It is an energetic reducing agent, and a
powerful poison. When boiled with dilute sul¬
phuric acid it furnishes a sugar (apparently not
dextrose) and a base solanidine (C20HJ1N02?).

Sophorine v. Gytisine.
Sparteine C,sHj6N2, a liquid alkaloid obtained

from broom (Cytisus scojparius or Spartium

scoparium) (Stenhouse, A. 78, 15 ; Mills, A. 125,
71). V. also Biioom tops.

Properties.—A liquid, lieavier than water,
b.p. 311° (at 723 mm. in a stream of hydro-
gen). Slightly soluble in water, soluble in
alcohol, ether, and chloroform ; insoluble in
light petroleum and benzene. The aqueous
solution is alkaline, and very bitter. Distils
with steam. Lsevorotatory, [a]D=—146° in
alcohol (Bamberger, A. 235, 368). Sparteine is
a diacidic base, which forms difficultly crystal-
lisable salts. The alkaloid and its salts exert a

strong nareotic action.
Réaction.—Sparteine behaves towards alkyl

iodides as a tertiary diamine.
It combines with nascent hydrogen, forming

hydrosparteine C]SH.,BN2. Wlien heated with
hydriodie acid, it furnishes a moleeular propor¬
tion of methyl iodide. When oxidised with per¬
manganate, it yields chiefly formic and oxalic
acids (Bamberger, A. 235, 368 ; Ahrens, B. 20,
2219). When the vapour of sparteine is passed
through a red-hot tube, the chief products are
pyridine, y-picoline, ethylene, and ammonia
(Ahrens, B. 21, 828 ; 24, 1095). Sparteine evi-
dently contains two pyridine nuclei, and is
allied to nicotine, but its exact constitution is
not yet established.

Strychnine and the strychnos alkaloids (v.
also Nux vomica).

Strychnine C21H22N204 the principal alkaloid
of Stryclinos Nux-vomica, S. Ignatii, S. Colu-
brina, S. Tieutê, and other plants belonging to
the natural order Loganiaceœ. The nearly
allied alkaloid brucine usually occurs with
strychnine in these plants. Strychnine was
discovered by Pelletier and Caventou in 1817.
The existence in S. Nux-vomica of the alkaloid
igasurine desoribed by Desnoix in 1853 is doubt-
ful, later observers having failed to find it.
The seeds of S. Nux-vomica vary in the amount
of total alkaloid (strychnine and brucine) they
contain. As little as 1 p.c. has been found, and
as much as 5 p.c., in the seeds of the Ceylon
;nux vomica (Dunstan a. Short, Ph. [3] 15, 1).
About one-third of the total alkaloid is strychnine
and two-thirds brucine (Dunstan a. Short, Ph.
[3] 12, 1053, 15,1). The seeds of S. Ignatii are
rioher in strychnine than those of S. Nux-vomica.

Préparation.—The following process may be
used for the extraction of strychnine and bru¬
cine from the seeds of S. Nux-vomica or S.
Ignatii (v. also Nux vomica). The finely
powdered seeds are made into a paste with water
and one-fourth of their weight of slaked lime.
The mixture is thoroughly dried ou the water-
bath, and the dry mass finely powdered. The
alkaloids are now dissolved from it by hot per-
colation with a suitable solvent (amyl alcohol,
benzene, or chloroform) in an extraction appara-
tus. The solvent is shaken with dilute sulphuric
acid, which removes the alkaloids as sulphates.
These salts may be crystallised from the neutral
solution, or the alkaloids may be regenerated,
and the mixture (strychnine and brucine) ex-
tracted with dilute (25 p.c.) alcohol, which dis¬
solves the brucine, and leaves nearly the whole
of the strychnine undissolved. It is purified by
recrystallisation from alcohol.

Properties.—Rhombic crystals ; m.p. 260°
(Stoehr, J. pr. [2] 42, 399) ; 284° (Claus, B. 14,
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773) ; 235°(Beckiirts,B. 18,1235); 268° (Loebisch
a. Schoop, M. G, 858). At higher températures
some of the alkaloid sublimes unchanged.
Aecording to Loebisch (l.c.), the alkaloid dist.ils
without décomposition at 270°undertheredueed
pressure of 5 mm. Lrevorotatory ; in alcoholic
solution, [o]D= — 132-07° (Bouchardat, A. Ch. [3]
9,228). Very slightly soluble in water (1 in 6,667,
at 15° ; 1 in 2,500 at 100°). The aqueous solu¬
tion, even when largely diluted, lias a persistent
bitter taste ; the bitterness is said to be percepti¬
ble in a solution containing 1 part of strychnine
in 600,000 parts of water. The alkaloid is in¬
soluble in absolute alcohol and ether, but is
dissolved by chloroform, benzene, amyl alcohol,
and 90 p.c. alcohol.

Strychnine is a violent poison, giving rise to
tétanie spasms, owing to the greatly increased
excitability of the spinal cord. Half a grain of
the alkaloid has proved fatal to man.

Strychnine is a monacidie base ; its salts are,
as a rule, crystalline and soluble in water.

Beactions.—Strychnine, which is one of the
most stable of the alkaloids, is not coloured by
nitric acid or by sulphuric acid. It may be
heated to 100° with sulphuric acid without
being appreciably affected. When brought
into contact with certain oxidising agents, it
exhibits a striking colour reaction, which is
generally relied on for its détection. If the
alkaloid is dissolved in a drop of strong sul¬
phuric acid, and a small piece of potassium
bichromate, manganèse dioxide, ceric oxide, or
potassium permanganate is stirred into the
mixture, amagnificent play of colours is observed,
beginning with blue, which gradually passes
through violet and red to yellow (Marchand,
J. Ph. [3] 4, 200). The only other alkaloids
which behave exactly like strychnine in this
respect are curarine and gelsemine. Several
alkaloids, however, give a somewhat similar
colour reaction, but most of these arecolouredby
sulphuric acid alone, and may thus be readily
distinguished from strychnine. The presence of
foreign organic compounds frequently obscures
the colour, and the alkaloid to be testedmust.there-
fore, first be isolated in a nearly pure state, and
separated as far as possible fromany otheralkaloid
that may be présent. This colour reaction can-
not be obtained in the presence of much brucine,
the alkaloid which accompanies strychnine in
the plant, since it gives a deep-red colouration
when oxidised which obscures the play of colours
produced by the strychnine. This alkaloid may,
however, be removed by oxidation with dilute
nitric acid, the strychnine being recovered
from the acid liquid by adding ammonia and
extracting with chloroform (Shenstone, Ph.
[3] 8,445 ; Hanriot, C. B. 97, 267), or the mixed
alkaloids may be washed with chlorine water,
when the brucine is converted into the soluble
diehlorobrucine, which dissolves, leaving a
residue of strychnine (Beckiirts, Ar. Ph. 228,326).
In toxicology, where traces of impurity in the
alkaloidal residue would give rise to darkening
when the sulphuric acid is added, the residue
may be moistened with the strong acid and
heated on the water-bath until the impurity is
completely decomposed; water is-then added,
and the strychnine recovered by adding ammonia
and extracting with chloroform. A large number

of derivatives of strychnine have been prepared,
of which only a few call for notice here.

The so-called hydrate or strychnol
C21H22N202,H20

is formed when strychnine is heated with sodium
ethylate. It is a very stable body, which does
not give the charaeteristic colour reaction of
strychnine. Tafel (A. 264, 33 ; 268,229) has re-
cently shown that this compound is an inhdo-acid

(C.,0H22NO(COOH)NH,4H2O),
and he has therefore called it strychnic acid,
although Plugge (Ar. Ph. [3] 21, 641) has already
given this name to an oxidation prodnet
C,,HmN03. It is converted into strychnine on
being heated to 190° in a stream of hydrogen.

Two other ' hydrates ' are also known, ivhich
seem to be analogous to strychnic acid, dïkyiro-
strychnine C21H22N202,2H20 and trihydro-strych-
nine C2]H22N202,3H20. They are obtained by
heating strychnine with baryta water (Gai a.
Etard, Bl. [2] 31, 98). The first of these com¬
pounds has been shown by Tafel to lose 1H.0 at
135°, yielding an imido- acid, which he has called
iso-stryclinic acid. The recent results obtained
by this chemist point to the conclusion that
strychnine (C20H22NO.N.CO) is the anhydride of
strychnic acid (C^H^NO.NH.COOH). By the
action of nitric acid strychnine yields, besides
nitro- derivatives, trinitrophenol (picric acid), the
formation of which indicates the existence of a

benzene nucleus in its molécule (Shenstone,
C. J. 47, 139). When the alkaloid is distilled
with alkali, indolc and mcthyl-indole (skatole)
are formed, together with /3-picoline and other
bases (Goldschmidt, B. 15, 1977 ; Stoehr, B. 20,
810, 1108, 2727 ; J. pr. [2] 42, 399).

It has already been remarked that strychnine
acts as a powerful stimulant on the spinal cord.
Crum Brown and Fraser have shown that the
addition of methyl iodide to strychnine abolishes
this charaeteristic physiological action, the salts
of the ' ammonium base ' (methyl strychnium)
being without action on the spinal cord.

Détection and estimation of stryclmini.-
Strychnine is readily detected by the properties
and reactions described above.

For the estimation of strychnine in nni
vomiea, Ignatius beans, &c., and in the médi¬
cinal préparations made from these plants, the
following processes have been devised.

For the seeds of S. Nux-vomica or Iymlii
five grms. of the seeds dried at 100°, and finely
ground, are exhausted of alkaloidal salts byhot
re-percolation in an extraction apparatus (r.
Extraction apparatus) with chloroform, to
which has been added 25 p.c. by volume of
alcohol. The solvent rapidly and completely
dissolves the whole of the alkaloidal salts. The
solution is mixed with about half its volume of
dilute sulphuric acid (5 p.c.), and well shaken.
The mixture separates into two layers, the alka¬
loids being in the upper aqueous layer and the
colouring matter &c. in the lower layer of chloro¬
form. When the alkaloidal salts have heen
completely removed from the chloroform by a
répétition of this process, the solution of the
acid sulphates of strychnine and brucine is mule
alkaline with ammonia, and extracted with
chloroform until the alkaloids are removed. The
alkaloidal residue left by the evaporation of the
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chloroform is dried at 100° and weighed (Dun¬
stan a. Short, Ph. [3] 13, 665,1053).

For the tineiure of nux vomica 50 c.o. of the
tincture are evaporated almost to dryness on
the water-bath. The residue is dissolved in
dilute sulphuric aeid, and to the clear acid
liquid aminonia is added in excess, and the
alkaloid removed by shaking wth chloroform.
The residue of alkaloid left by the evaporation
of the chloroform is dried at 100° and weighed
(Dunstan a. Short, Ph. [3] 14, 292). Tincture of
nux vomica is now required by the British Phar-
macopœia to contain -205 p.c. by volume of total
alkaloid as estimated by the process above de-
scribed.

For the extract of nux vomica, about one

grm. of the extract is dissolved in about 50 c.c.
of 5 p.c. aqueous sodium carbonate, and the
liquid twice extracted with half its volume of
chloroform. The solution of the alkaloid in
chloroform is shaken with half its volume of
dilute sulphuric acid, and the chloroform, which
contains fat and resin, removed. The clear acid
liquid is made alkaline with ammonia, and the
alkaloid extracted with chloroform. The solu¬
tion of the alkaloids in chloroform is evaporated
and dried at 100°, and weighed (Dunstan a.
Short, Ph. [3] 14, 621). The British Pharmaco-
pœia requires that extract of nux vomica shall
yield 15 p.c. of strychine and brucine when
analysed as above described.

The alkaloid obtained by ail tliese processes
is a mixture of strychnine and brucine. The
two alkaloids possess very similar properties,
and are not easy to separate. On the large seale
an approximate séparation may be effected by
extracting the residue with dilute alcohol (25 p.c.
by volume), which readily dissolves the brucine
but only traces of the strychnine.

For quantitative purposes advantage may be
taken of the great différence in the solubilities
of the ferrocyanides of strychnine and brucine ;
the strychnine sait, being very slightly soluble
in water, separates from dilute acidified solutions
as a characteristic granular precipitate, whilst
the brucine ferrocyanide, being readily soluble in
water, does not separate except from concen-
trated solutions. When both alkaloids are pré¬
sent, the séparation is not quite so sharp as
might be antieipated, but it has been proved
that sufficiently accurate results for ordinary
analytical purposes may be obtained if the fol-
lowing directions are adhered to (Dunstan a.
Short, Ph. [3] 14, 621). Any quantity less than
0'2 grm. of the mixed alkaloids is dissolved in
about 10 c.c. of dilute sulphuric acid (5 p.c. by
volume). The solution is diluted with water to
about 175 c.c., and finally made up to 200 c.c.
with 5 p.c. aqueous potassium ferrocyanide.
The liquid is stirred occasionally, and allowed
to stand for about six hours, by which time the
strychnine ferrocyanide will have separated as
a white granular precipitate. The precipitate
is collected, and washed with water just aeidu-
lated with sulphuric aeid until the washings are
scarcely bitter. Sinee strychnine ferrocyanide
is difficult to dry without décomposition, the
moist sait is decomposed by the addition of
strong ammonia, in which it is eompletely
soluble. The alkaline liquid is twice extracted
with chloroform, which removes the strychnine.

The solution in chloroform is evaporated in the
water-bath to a small volume, the remainder of
the chloroform spontaneously evaporated, and
the residue finally dried in a eovered disb (to
avoid loss by spurting) and weighed. The bru¬
cine may be estimated by différence, or it may
be dissolved from the filtrale and washings
made alkaline with ammonia by shaking with
chloroform, separating, evaporating, and weigh-
ing in the nsual manner.

Holtz and Beckiirts (Ar.Ph. [3] 25, 313) have
proposed to apply this metliod volumetrically.

A method of séparation depending on the
greater solubility of brucine picrate has alsq
been proposed (Gerock, Ar. Ph. [3] 27, 158).

Brucine C^pyShO.,. This alkaloid occurs
with strychnine in S. îïux-vomica and in other
species of Strychnos. There is no well-authen-
ticated evidence that brucine is found without
strychnine, unless, indeed, we except that of
S. ligustrina (Bedara, Laut) (Greenish, Ph. [3]
9, 1013). In the seeds of S. Nux-vomica about
two-thirds of the total alkaloid is brucine
(Dunstan a. Short, Ph. [3] 15, 1). In the seeds
of S. Ignatii the proportion of brucine appears
to be smaller.

Préparation.—The total alkaloid having been
extracted from the plant by the method described
for strychnine, the mixture is repeatedly washed
with dilute alcohol (25 p.c. by volume), and the
brucine crystallised from the solution, and re-
crystallised several times from the same solvent
or from water, the fractions which crystallise
latest being almost, if not quite, pure brucine.

According to Fliickiger (Pharm. Chem.), if the
mixture of the two alkaloids is eonverted into
the acetates, and the solution is evaporated to
dryness on the water-bath, the strychnine acetate
undergoes dissociation into the alkaloid and
aeetic acid, which volatilises. The brucine
acetate remains unchanged, and may be dissolved
from the residue by cold water and crystallised.
For another method which is said to furnish
quite pure brucine v. Shenstone, C. J. 39, 453, and
alsd Nux vomica.

Properties.—Brucine separates from its solu¬
tions in water or aqueous alcohol in monoclinie
prisms containing 4H20 ; m.p. 105°. The crys-
tals lose their water at 100°, or on standing over
sulphuric acid. The anhydrous substance melts
at 178° (Claus, B. 14, 773) ; lœvorotatory, [a]D in
alcohol = — 85°. Slightly soluble in cold water
(1 in 320), twice as soluble in boiling water,
very soluble in alcohol, chloroform, and amyl
alcohol ; insoluble in ether. Brucine and its
salts are bitter, and when subcutaneously injected
in animais produce a physiological action re-
sembling in kind that of strychnine, but much
feebler. When administered internally to
animais it produees little or no eiïeet, owing
ehiefly to the rapidity with which it is elimi-
nated (Brunton, C. J. 47, 143).

Brucine is a monacidic base ; the ordinary
salts are crystalline, and readily dissolve in
water.

Réactions.—Brucine is readily distinguished
from strychnine since it does not give rise to
the characteristic play of colours when oxidised
with chromic acid &c., only an intense red
eolouration being produced, whilst brucine is
further diiïerentiated from strychnine by giving
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a deep-red colouration when mixed with nitrio
acid ; this is a very delicate test for brucine, and
conversely for nitrie acid. This red colouration
of brucine is distinguished from that produced
when soine other alkaloids (e.g. morphine) are
mixed with nitric acid, by the action of stannous
chloride or certain other reducing agents, which
when cautiously added change the red coloura¬
tion to violet.

When brucine is oxidised with sulphuric
acid and manganèse dioxide, methyl alcohol is
one of the products (Baumert, A. 70, 337).

Nitric acid furnishes cacotheline (C21H22N4O0),
oxalic acid, and methyl nitrite (Strecker, A. 91,
76 ; Hanssen, B. 20, 451). When heated with
strong hydrochloric acid, brucine evolves rather
less than two molecular proportions of methyl
chloride (Shenstone, C. J. 43, 101 ; Hanssen,
B. 17, 2266). Distilled with potash, brucine
affords ammonia, a mixture of lutidines and
collidines, together with tetrahydride of quinoline
(De Coninck, A. Ch. [5] 27, 507 ; Bl. [2] 42,100).
When lime is used, d-picolinc identical with that
obtained from strychnine is produced (Berend
a. Stoehr, J. pr. [2] 42, 415).

The production of methyl alcohol, methyl
nitrite, and of methyl chloride from brucine under
the above-mentioned conditions points to the
conclusion that the alkaloid is the dimethoxyl
(OCH3)2 derivative of strychnine (Shenstone,
C. J. 43, 101 ; Hanssen, B. 18, 1917), whilst the
presence of a quinoline nucleus may be inferred
from the nature of the products of the action of
fused alkali.

Détection and estimation.—Brucine may be
detected by means of the properties and reac¬
tions described above. It may be estimated in
plants and in médicinal préparations by the
methods described in connection with strychnine.

Curarine C]8H3éN, an alkaloid obtained from
the Indian arrow-poison, known as ' curare ' or
' urare,' an extract prepared from a number of
plants of the genus Strychnos, ehiefly from
S. toxifera. It crystallises in colourless, four-
sided prisms, which are hygroscopic and very
soluble, both in water and alcohol, but less
readily in chloroform and amyl alcohol, and
very slightly soluble in ether. Neither the
alkaloids nor its salts are stable ; when exposed
or heated in air they turn brown. Curarine has
a very bitter taste, and is a violent poison ; its
physiological action consists chiefiy in producing
a complétéparalysisof the motor nerves, without
however appreciably impairing the excitability
of muscle. On account of this property, ' curare '
is largely used in physiological research. Sul¬
phuric acid colours curarine deep blue or violet ;
nitric acid colours it deep red. With sulphuric
acid and potassium bichromate it affords the
same play of colours as strychnine (Eonlin a.
Boussingault, A. Ch. [2] 39, 24 ; Preyer, Z. 1865,
381 ; Sachs, A. 191, 254).

From the more recent experiments of Bôhm
(C. C. 1887, 520) it appears that curarine is a
yellow amorphous solid forming an amorphous
platinichloride. The aqueous solution has a
green fluorescence and a neutral reaction. When
it is evaporated in presence of dilute hydro¬
chloric acid, it furnishes crystalline needles,
consisting of a décomposition product which is
not poisonous. Besides curarine, Bôhm finds in

curare another alkaloid curine, which crystal¬
lises with difficulty; m.p. 160°. The platini¬
chloride contains 19'3 p.c. of platinum, 1 p.e.
more than the corresponding sait of curarine.
Curine is not poisonous, and does not exhibit the
characteristic physiological action of curarine.
It combines with methyl iodide, however, to
form the sait of a new base, which is highly
poisonous and acts like curarine.

Taxiue C37H52NO](1, tbe poisonous alkaloid
contained in the seeds and leaves of the yew
(Taxus baccata) ; m.p. 80-82°. Slightly soluble
in water, soluble in alcohol, ether, and less
readily in chloroform. A monacidic base, which
forms salts difficult to crystallise (Mariné, Bl. 26,
417). An intense violet colouration is produced
when the alkaloid is dissolved in concentrated
sulphuric acid (Hilger a. Brande, B. 23, 461).
Taxine is a narcotic poison.
Theobeojiine and the Alkaloids of Tea asd

coffee.

The alkaloids belonging to this group are
sharply distinguished by tlieir chemical consti¬
tution from the large majority of the vegetable
alkaloids. These bases are not pyridine or
quinoline derivatives, but are di-ureides nearly
related to uric acid, a substance hitherto only
found in the animal organism.

Theobromine C;H8N402 occurs in cocoa beans
(Theobroma Cacao), and in small quantity in
certain kinds of tea. Cocoa beans usually con-
tain 1-2 p.c. of theobromine ; the nibs or shells
of the bean contain about •5 p.c.

Préparation.—Pinely-powdered cocoa beans
are exhausted with boiling water. Lead acetate
solution is then added until no further precipi-
tate is obtained. By this means tannic and
other organie acids and colouring niatter are
removed. The filtrate is freed from lead by
hydrogen sulphide, and evaporated to dryness.
The residue is boiled with alcohol to dissolve
the th eobromine, which crystallises when the
alcoholic solution is evaporated. Or the pow-
dered beans may be mixed with about half their
weight of quicklime, and the mixture boiled with
alcohol (80 p.c.), which dissolves the theobrom¬
ine (Schmidt a. Pressler, A. 217, 288 ; Dragen-
doriï, B. 11, 1689).

Properties.—Crystals, which sublime when
heated ; m.p. 290-295° (Keller, A. 92, 11).
Slightly soluble in water (1 in 1,600 at 17° ;
1 in 148-5 at 100°) and in ether, rather more
soluble in chloroform (1 in 105 at 62°). Very
slightly soluble in absolute alcohol, more soluble
in aqueous alcohol (rectifie! spirit, 1 in 41 at
b.p.). Theobromine possesses both acid and
feebly basic properties. It dissolves in aqueous
alkalis, and the solution yields metallic deriva¬
tives which crystallise with difficulty and are
decomposed by carbon dioxide, theobromine
being liberated. The silver compound

_ (Ag,C7HIN402,liH20)
is insoluble in water. It is produced as a semi-
crystalline precipitate when silver nitrate is
added to a solution of theobromine in aqueoni
ammonia (Schmidt, A. 217, 282).

Theobromine acts as a monacidic base. It
unités with acids, forming crystalline salts,which
as a rule are decomposed by boiling with water
(Schmidt a. Pressler, A. 217, 289).IRIS - LILLIAD - Université Lille 1
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Reactions.—Theobromine is preeipitated by
several of the alkaloid reagents, but not by
Mayer's solution or by iodine. It is most easily
detected by a reaction which is very similar to
the murexide reaction for uric acid. The theo¬
bromine is first oxidised by warming it with
chlorine water, or a drop of nitric acid, and
evaporating to dryness. The residue eonsists
•chiefly of amalic acid (tetramethyl alloxantin
C,(CH3)(N40,). The residue is coloured violet
bypotash and bright red by ammonia, owing
to the formation of tetramethyl murexide. This
reaction is very delicate, but it is also exhibited
by the other alkaloids of this group.

Theobromine does not unité with alkyl
iodides. When it is heated with concentrated
hydrochloric acid at 250°, or with baryta water,
hydrolysis occurs, with formation of carbon
iioxide, ammonia, methylamine, mcthyl-amido-
acetic acid (sarcosine) and formic acid

0;H,N4Oj+ 6H20
= 2C02 + 2NH, + NHzCH3 + C3H,N02 + H2CO?.

This reaction proves that theobromine contains
two methyl groups, each united to a différent
atom of nitrogen.

Theobromine, unlike caffeïne, is not decom-
posed by warming with aqueous potash.

Chromic acid oxidises theobromine to metliyl
jarabanic acid, methylamine, and carbondioxide.

Theobromine is the dimethyl derivative of
santhine CO.N£LCJnH>co ( C*H iNA). a di-
ureide whose composition difïers from that of
uric acid in containing an atom less of oxygen.
Xanthine occurs in urine, and in various parts of
the human body.

Theobromine may be prepared from xanthine
by heating its lead or silver derivative with
methyl iodide at 100° (Fischer, A. 215, 311).'

Caffeïne or Theïne CsHl0N4O2, the principal
alkaloid of tea and coffee, in which it appears
to occur as a sait of a variety of tannic acid. It
is also found in Guarana, Paraguay tea, and in
Kola-nuts. Coffee-beans are stated to contain
an average of about 1 p.c. of caffeïne, and tea-
leaves between 1-3 p.c. (Stenhouse, A. 39, 244 ;
102, 124; C. S. Mem. 1, 215; C. J. 9, 33).
More recent déterminations conducted with im-
proved methods have shown that ordinary
samples of tea-leaves contain from 3-4 p.c. of
caffeïne, whilst commercial samples of coffee
show a remarkable uniformity in containing
tather less than 1-5 p.c. of the alkaloid (Paul a.
Cownley, Ph. [3] 17, 565, 821, 921 ; 21, 61 ;
Dvorkovitch, B. 24, 1945).

According to Kossel (Zeits. Physiol. Chem. 13,
298), tea also contains small quantifies of theo-
phylline (see below), hypoxanthine or sarcine
(C5H,N40), imido-sarcine or adenine (C,HaN5),
and xanthine (C5H4N402), of which caffeïne is
the trimethyl derivative.

Préparation.—Tea is heated for about an
liour with four times its weight of boiling water,
the solution is filtered and mixed with a weight
of lime equal to that of the tea taken, and the
■mixture dried on the water-bath. The pow-
dered residue is exhausted with boiling chloro-
form, which dissolves the caffeïne. The alkaloid
is purified by crystallisation from alcohol or
water (Cazeneuve a. Caillol, Bl. 27,199 ; cf. Paul,
Ph. [3] 21, 882). Or the methods described for

the extraction of theobromine may be employed.
Caffeïne may be extracted from coffee and the
other substances which contain it by simi'lar
methods.

It should be remarked that no evidence has
been adduced that the alkaloid extracted by these
methods eonsists entirely of caffeïne. In the
light of the recent work of Kossel, who has
shown that, besides caffeïne, tea contains small
quantities of at least four other nearly related
bases, it is important that the residue of alka¬
loids should be more minutely examinée!. It is
possible that the presence of small quantities of
these other bases may account for the différence
in physiological action, which has beenrecorded
by several observers, between the caffeïne ob-
tained from tea and that obtained from coffee.

Properties.—Silky needles, containing 1H20
from water, anhydrous from alcohol, chloroform,
and benzene. The hydrate loses its water at
100°, and the anhydrous caffeïne melts at
234-235° (Strecker, A. 118, 170 ; Dunstan a.
Shepheard, C. J. 63, 197). Sublimes without
décomposition. Soluble in cold water (1 in 90 at
15°), readily soluble in boiling water. Sparingly
soluble in ether and absolute alcohol, more
soluble in aqueous alcohol. Very soluble in
chloroform (13 in 100 at 16°). The aqueous
solution is neutral, and has a bitter taste.

Caffeïne is a very weak base. It dissolves
in aqueous acids, acting as a monacidic base,
forming salts which crystallise, but are decom-
posed on evaporation of their aqueous solutions,
which, indeed, would seem to contain free
alkaloid under ordinary conditions, since caffeïne
can be extracted from them by shaking with
chloroform. The salts of caffeïne with organic
acids are particularly unstable. The double
salts are more stable. The aririchloride
(Ë.HAuC14) and mercuric chloride compound
(B.HgCL) crystallise well (Nicholson, A. 62, 71 ;
Sehmidt, A. 217, 283; B. 14, 814). The auri-
chloride melts at 242-5, and is soluble in alcohol
and to a smaller extent in water. It is decomposed
when its aqueous solution is warmed with loss of
two molecular proportions of hydrochloric acid,
forming aurichlor-caffeïne (C8H0(AuC12)N4O2).
This remarkable compound melts at 207° and
is insoluble in water and alcohol. It dissolves in

aqueous hydrochloric acid, reproducing the auri-
chloride(D.a.S.). Caffeïne doesnot unité directly
with auric chloride, but it combines with auric
potassium chloride, forming a red crystalline
compound (B.KAuC14). This is preeipitated by
mixing a solution of caffeïne in chloroform with
an alcoholic solution of potassium auric chloride.
The sait melts at 208° and is resolved into its
constituents on solution in water or aeetone

(Dunstan a. Shepheard, C. J. 63, 205).
For information concerning other caffeïne

salts, the papers of Nicholson and Sehmidt
referred to above should be consulted.

Reactions. — Caffeïne is preeipitated by
several of the alkaloid reagents, but not by
Mayer's solution or by a solution of iodine. It
exhibits the murexide reaction (v. Theobromine),
the oxidation being best effected by evaporating
a solution of caffeïne in hydrochloric acid with a
erystal of potassium chlorate.

Caffeïne combines with one molecular pro-
j portion of alkyl iodide. When heated with
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concentrât g (1- hydrochloric acid in a closed tube, I
the alkaloid undergoes hydrolysis into ammonia,
car-bon dioxide, methylamine, sarcosine, and
formic acid : C8H,0N4O2 + 6H..0

= NHS + 2CO„ + 2NH./CH, + CsH7N02 + H,C02.
This décomposition proves that caffeïne contains
three metbyi groups, eacli joined to a différent
nitrogen atom.

The action of alkalis (baryta water) on
caffeïne is similar to that of hydrochloric acid,
the same products being ultimately formed. A
strong base caffeïdine (C7H,2N40) is formed at
first, but is subsequently decomposed. This base
is derived from caffeïne by hydrolysis, one car-
bonyl group being split off as carbon dioxide and
replaced by two atoms of hydrogen :

C8H10N4O2 + H20 = C02 + C7H12N40.
On oxidation, preferably with hydrochloric acid
and potassium chlorate, caffeïne furnishes di-
methyl-alloxan and mcthyl-urea

C8H10N4O7 + 0„ + 2H„0
= C8H8N205 + CONH2NH(CH,).

By further oxidation some of the dimethyl-
alloxan is converted into amalic acid (v. Theo¬
bromine).

Caffeïne is the methyl derivative of theo-
bromine, and consequently the tri-methyl deri¬
vative of xanthine. Caffeïne may be prepared
by heating silver theobromine with methyl
iodide (Streeker, A. 118, 170). For further
information regarding the constitution of caffe¬
ïne v. Medieus, A. 175, 250 ; E. Fischer, A. 215,
314.

Estimation of caffeïne in tea and coffee.—A
number of methods have been proposed for this
purpose. Most of them consist in liberating
the base by mixing the finely powdered material
with aqueous alkali (about half its weight of
lime or magnesia), and extracting the caffeïne
from the dried and powdered mass with alcohol,
chloroform, or benzene, the residue left on the
evaporation of the solvent being weighed. Paul
and Cownley (Ph. [3] 18, 417) prefer to use
alcohol as the solvent, and recommend the
following process as applicable for either tea or
coffee. Five grms. of the powdered material
are moistened with hot water and thoroughly
mixed with one grm. of slaked lime, and the
mixture dried on the water-bath. The powder
is then extraeted with boiling alcohol, the clear
solution evaporated until the alcohol has been
expelled, and the aqueous residue acidulated with
dilute sulphuric acid and filtered. The caffeïne
is then extraeted from the acid solution by
repeatedly shaking with chloroform, until
nothing further is removed. The solution in
chloroform is then shaken with dilute aqueous
soda, washed with a little water, and distilled.
The residue is weighed as pure caffeïne.

Vité (C. C. 1890, ii. 274), after having tried
most of the methods which have been proposed,
recommends the following plan: 5 grms. of
finely powdered tea are extraeted with three
successive 100 c.c. of water by boiling for one
hour. The liquid is eoncentrated to about 75
c.c., and mixed with freshly precipitated lead
oxide and sand. The mixture is dried on the
water-bath, powdered, and boiled with chloroform
during three hours. The solution in chloroform
is distilled, and the residue dissolved in hot
water. The clear aqueous solution is evaporated

I on the water-bath, and the residue dried at 100'
and weighed.

Dvorkovitch (B. 24, 1945) has conducted a
similar inquiry, and describes a somewhat dif¬
férent method. His paper includes a large num¬
ber of analyses of Chinese teas, which show a
percentage of caffeïne ranging between about
2"5 and 3-5.

Since the amount of caffeïne contained in
différent commercial specimens of coffee berries
is subject to but slight variation, the estimation
of the caffeïne furnishes a useful indication of
the presence of adultérants (Paul a. Cotvnlev,
Ph. [3] 17, 821, 921).

Theophylline C7H8N402, an isomeride of theo¬
bromine which occurs in small quantity in tel
leaves (Kossel, Zeit. Phys. Chem. 13, 298; B.
21, 2164).

Préparation.—A large quantity of tea is es-
hausted by extraction with alcohol, and the
solution evaporated to a syrup, from which the
greater part of the caffeïne will crystallisc oui,
This is removed, and the liquid residue diluted
with water, acidulated with sulphuric acid.
After having stood for some hours, the liquid is
filtered, the filtrate made alkaline with ammonia,
and precipitated by solution of silver nitrate.
After the lapse of twenty-four hours the preci-
pitate is filtered off, washed, and dissolved in a
little warm nitric acid (rel. dens. 11). On
cooling, the silver derivatives of sarcine and
adenine crystallise out, leaving the silver theo¬
phylline dissolved. The acid filtrate is made
alkaline with ammonia, and the preoipitate of
silver theophylline &c. collected, washed, sns-
pended in water, acidulated with nitric acid, and
decomposed by hydrogen sulphide. By evapo-
rating the filtrate, crystals of xanthine separate,
and afterwards the theophylline crystallises. A
further quantity may be obtained from the
mother-liquor by précipitation with mercerie
nitrate and décomposition of the precipitate
with hydrogen sulphide (Kossel, l.c.).

Properties.—Tabular crystals; m.p. 264°.
Beadily soluble in warm water. Slightly soluble
in cold alcohol. Like theobromine, it affords
the ' murexide ' reaction, and in général its
décomposition products are similar. When
silver theophylline is heated with methyl iodide,
caffeïne is formed.

Trigonelline C7H8N02, an alkaloid existing
in fenugreek, the powdered seeds of Tngtmh
Fœnum-grœcum. (Jahns, B. 18, 2521 ; 20 , 2840).

Properties.—Prismatic crystals, withlH.0;
m.p. 130°. Very soluble in water, slightly soluble
in alcohol ; very slightly soluble in ether, chloro¬
form, and benzene. When heated with eoncen¬
trated hydrochloric acid, it yields methyl clikriit
and nicotinic acid (/3-pyridine carboxylic acid).

Jahns has proved that trigonelline is identi-
cal with the methyl-betaïne of nicotinic acid
first prepared by Hantzsch (B. 19, 31). Nico¬
tinic acid (C5H|NCOOH) is heated with potash
and methyl iodide, when the iodo-methylate of
methyl nicotinate (C5H4N(CH„I)CO.OCHJ) is
formed. On décomposition with silver oxide,
this compound furnishes the betaïne

(C5H4N(CH3)CO)
I 1

which is identical with trigonelline.
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Ulexine CnHMN20 is found in Ulex
europœus (Gerrard, Ph. [3] 17, 101, 229). It is
identical with cytisine from laburnnm (Partheil,
Ar. Ph. 236, 667).

Veratrine and the Veratrum Alkaloids.

Cevadinc or Crystallised veratrine C32H49N03
is the chief alkaloid of sabadilla or cevadilla
seeds (Asagrœa officinalis, Schcenocaulon offici¬
nale, Veratrum Sabadilla).

Préparation.—The finelypowdered seeds are
extracted with alcohol, containing 1 p.o. of
tartaric aeid. The aoid liquidis evaporated, and
diluted with water to precipitate resin. To the
clear solution soda is added in slight exeess,
and the mixture completely extracted of alkaloid
by repeatedly shaking with ether. The ethereal
solution is mixed with light petroleum, and
allowed to evaporate spontaneously. Crystals
of cevadine separate from the syrup, and are re-
crystallised from their solution in alcohol. The
remaining syrup eontains the amorphous vera¬
trine and cevadilline (Wright a. Luff, C. J. 33
838).

Sabadilla seeds contain about 0-1 p.e. of
cevadine together with sabadine (c29h3,n08),
sabadininc (c2ih45n08), and amorphous alkaloids
(Merck, C. C. 1891, i. 363).

Commercial veratrine, which is an amor¬
phous powder, appears to be a mixture of ceva¬
dine with amorphous alkaloids.

Properties.-Crystals; m.p. 182°, with de-
composition. Nearly insoluble in water, soluble
in alcohol and ether. Optically inactive. Acts
as a monacidic base, forming salts, some of
which are crystalline (Merck, A. 95, 200 ;
Schmidt, A. 185, 224).

The aurichloridô and the mercurichloride
arecharacteristic crystallinecompounds (Ahrens,
B. 23, 2700).

Cevadine and its salts are poisonous.
Réactions.—When warmed with concentratecl

hydroehloric acid cevadine produces a fine red
colour, which is a somewhat delicate test for the
alkaloid. Concentrated sulphuric acid produces
a carmine-red colouration, or, if the alkaloid is
previously mixed with a little sugar, a blue.

The alkaloid unités with bromine to form a

di-bromide and a tetra-bromide.
When allowed to stand with aqueous alkalis,

or when kented with alcoholic potash, cevadine
undergoes hydrolysis, furnishing cevidine

c„h48no„
and angelic acid c5h802. By the further action
of alkall the angelic acid is converted into its
isomeride tiglic or mcthyl-crotonic acid, whilst
instead of cevidine, anhydro-cevidine or cevine
(CjjHjjNOg) is obtained (Wright a. Lutï, C. J.
33, 338; 35, 405 ; Bosetti, Ar. Ph. [3] 21, 81;
Ahrens, B. 23, 2700).

When oxidised by permanganate, cevadine
yields acetic and oxalic acids, or when ehromic
acid is used, principally acetic aldchyde and
carbon dioxide.

When the dry alkaloid is distilled, a /3-jn'co-
line is obtained which is identical with that
derived from strychnine.

Veratrine or Amorphous veratrine C^H^NO,,
is found in sabadilla seeds. On hydrolysis it
yields veratric acid c,,hi904 and verine

c28h48no8.

Verine closely resembles cevine.
Cevadilline or Sabadilline C34Hs3N08 is a

second amorphous alkaloid occurring in saba¬
dilla seeds.

Jervine C2SH3JN03 is an alkaloid contained
in white hellebore (Veratrum album), which
also eontains the closely related alkaloids, ricbi-
jervine C26H43]S(02, pseudo-jervine C29H43NO„
proto-veratrine c3,h51nom, proto-veratridine
C28H45N08, and, perhaps, veratralbine C28H4SN05.
The most poisonous of these alkaloids is proto-
veratrine (Wright a. Lufï, C. J. 35, 405 ; Salz-
berger, Ar. Ph. 228, 462).

Similar alkaloids exists in green hellebore
(Veratrum viride).

Penkschen (Ph. [5] 22, 265) bas recently
examined the alkaloids contained in Veratrum
album, and has obtained somewhat différent
results. According to this observer, the chief
alkaloids are : jervine (CjjH^NO»), pseudo-jer¬
vine (CjjHjjNOjJ, veratroidine (C32H53N09).

Xanthine v. Caffe'ine (Theobromine and the
alkaloids of tea and coffee). W. B. D.

VENETIAN CHALK v. Steatite.
VENETIAN IAKE. Crimson lake v. Pig¬

ments.

VENETIAN RED. Eerric oxide.
VENETIAN WHITE. A white lead pigment

containing a large percentage of barium sul-
phate.

VENICE TURPENTINE v. Oleo -resins.

VERA CRIJZ ELEMI v. Oleo-eesins.
VEKANTIN v. Madder.
VERATRIA FAT v. Tallow.
VER&TRINE v. Vegeto-alkaloids.
VERATROL v. Pyrocatechol, art. Phénol and

its homologues.

VERBENA OIL v. Oils, essential.
VERDIGRIS, VERT-DE-GRIS, VERT DE

MONTPELIER. Basic acétates of copper v.
Acetic acid.

VERDITER, GREEN AND BLUE, v. Copper.
VERIDIAN. Guignet's green v. Chromium.
VERJUICE. A kind of vinegar containing

malic aeid made from the juice of the crab-
apple.

VERMILION v. Mercury.
VERMILIONETTE. A red pigment made by

adding eosin to white lead or zinc white.
VERT DE GUIGNET v. Chromium.
VERT DIAMANT. Syn. for Victoria green,

v. Tripiienylmethane colouring matters.

VERT ETINCELLE. VERT LUMIÈRE.
Methyl green v. Triphenylmethane colouring
matters.

VERT D'USÈBE. Aldéhyde green, Aniline
green v. Triphenylmethane colouring matters.

VESTORIEN v. Egyptian elue ; also
Enamels.

VESUVINE v. Azo- colouring matters.

VICTORIA BLUE. Chloride of phenyltetra-
methyl triamido- a-naphthyl diphenyl carbinol
C33H32N3C1. A colouring matter patented by
Caro a. Kern, and made by the Badische Anilin-
und Soda-Eabrik. Porms a dark-blue crystalline
powder, with coppery lustre ; soluble in water
with deep-blue colour. Solution becomes tnrbid
on boiling, and gives a reddish precipitate.
Pilute sulphuric acid changes the aqueous solu¬
tion to green and then orange ; on neutralising,
the original colour is restored.

IRIS - LILLIAD - Université Lille 1



938 VICTORIA GREEN.

VICTORIA GREEN. Benzaldehyde green v.
TrIPHENYLMETHANE COLOURING MATTEES.

VICTORIA ORANGE v. Viotoeia yellow.
VICTORIA YELLOW. Gold yellow, Aniline

orange, Saffron surrogate. This colouring matter,
introduoed by Mettenzwei, under the naine of
Victoria yellow or aniline orange (W. J. 1869,
593), consists of the potassium or ammonium
sait of a dinitroeresol (Martius and Wichelhaus,
B. 2, 206 ; Y. Sommaruga, B. 2, 579). It is pre-
pared by heating cresol, boiling at about 195°,
with three times its weight of sulphurio acid at
100°, until the produet is soluble in water. After
removing the excess of sulphuric acid by means
of barium carbonate, the cresolsulphonic acid is
converted into potassium sait, wllicll in the dry
state is nitrated by introdueing it rapidly into
about three times its weight of dilute nitrio acid
(sp. gr. = 1*2), and is then poured into water,
neutralised with potassium carbonate, and the
resulting potassium dinitroeresol crystallised
out. Obtained in this way, the colouring matter
is a mixture of the potassium salts of dinitro-
ortho- and dinitro-para- cresol, and varies in
colour according to the • proportions of these.
Thus Victoria yellow is yellowish in colour, and
consists chiefiy of the potassium sait of dinitro-
orthocresol (m.p. = 86°), which crystallises in
yellow needles (Wichelhaus, B. 7, 176 ; Piccard,
B. 8, 685), while saffron surrogate is distinctly
reddish in colour, and consists chiefiy (80 p.e.
according to Piccard) of the potassium sait of
dinitroparacresol (m.p. = 84°), which crystallises
in red needles (Armstrong and Field, C. N. 27,
318 ; Hofmann and v. Miller, B. 14, 567 ; Staedel,
B. 14, 900, 906 ; Nôlting and Salis, B. 14, 986).

Victoria yellow is soluble in water and dyes
wool and silk orange, but owing to the fugitive
nature of the colour is no longer employed for
this purpose. Saffron surrogate is still used to
some extent as a colouring matter for butter,
margarine, vermicelli, cheese, &c. (Piccard), but
this is to be depreeated, since Weyl's experi-
ments show that the compound is poisonous
(B. 20, 2835; 21, 512).

VIENNA BLUE. Cobalt blue v. Pigments.
VIENNA GREEN. Emerald greenv. Pigments.
VIENNA PASTE. A mixture of lime and

potash used as a caustic to extirpate malignant
growths.

VIGORITE. A nitroglycérine préparation
used as an explosive.

VINASSE v. Sugae.
VINE BLACK. Blue black v. Pigments.
VINEGAR v. Acetic acid.

VINEGAR, AROMATIC, v. Acetic acid ; also
WOOD, DESTRUCTIVE DISTILLATION OF.

VINEGAR PLANT v. Acetic acid.

VIOLANILINE. A blue colouring matter
belonging to the induline class ; possibly identical
with Coupier's blue, v. Indulines.

VIOLET DE PARIS or VIOLET DIRECT.
Methyl violet v. Triphenylmethane colouring
MATTEES.

VIOLET IMPÉRIAL BLED v. Triphenyl-
METHANE COLOURING MATTERS.

VIOLET IMPÉRIAL ROUGE, VIOLET
PHÉNYLIQUE. 1îegina purgple v. Tèiphenyl-
METHANE COLOURING MATTERS.

VIOLET SOLIDE. Solid violet v. Gallo-
cyanine and Oxazine colouring MATTERS.

VIOLET 5B, 6B, v. Teipiii:nylmethise
COLOURING MATTEES.

VIOLET R and R R and 5 R. Hofmanris
violet v. Tkiphenylmethane colouring mattebs.

VIOLIN. An emetic substance contained in
the common violet, supposed to be identical with
emetine from ipecacuanha root.

VIOLINE or VIOLEÏN. A synonym for
mauve or aniline purple.

VIRIDIAN. Hydrated chromium sesquioxide,
v. Chromium.

VIRIDINE v. Alkali green.

VITELLIN v. Albuminoids.
VITRIFIABLE PIGMENTS v. Pottep.y; also

PORCELAIN.
VITRIOL (vitrum, ' glass '). An old name

for a sulphate, and still frequently applied to
the sulphates of certain common metals on ac-
count of their vitreous lustre, e.g. white or zinc
vitriol ZnS04.7H20 ; blue or copper vitriol
CuS04.5H,0 ; green or iron vitriol FeSOt.7HjO;
red or cobalt vitriol CoSO,.7H20. Basic ferrie
or ferroso-cupric sulphates obtained in the ei-
traction of copper sulphate froni ferrnginons
minerais are known as Admont, Bayreuth, Salz-
burg vitriols, &c.

VITRIOL, OIL OF. Vitriolic acid. Con-
centrated sulphuric acid.

VITRIOL STONE and COLCOTHAR. Vitriol
is the important material from which the so-
called fuming or Bohemian sulphuric acid is
manufactured, and it is obtained from the rock
known as vitriol slate (' vitriolschiefer ') in the
following manner. Large masses of pyritous
slate (which belongs to the Silurian formation,
and consists of a quartzose matrix containing
pyrites, carbon, and clay) are exposed to the
weathering action of the atmosphère for three
years. The products of oxidation so formed are
ferrous sulphate and sulphuric acid, which latler
acts energetically upon the clay; and finally,
aluminium sulphate and other sulphates aie
yielded. The ferrous sulphate at first formed
becomes by oxidation ferrie sulphate, which,
together with the aluminium sulphate, is the
principal produet of the weathering of the vitriol
slate. Ferrous sulphate remains only in small
quantities. The next opération is lixiviationot
the mass with water, after which the liquor
obtained is coneentrated to a density of 40°B.,
and finally evaporated in pans until, on eooling,
a orystalline cake of vitriol stone is obtained.
The vitriol stone is now calcined, in order to
remove the greater part of its water. The re¬
sulting produet, when heated to a high tempéra¬
ture in clay retorts, yields sulphuric anhydride ;
and a residue, termed eolcothar, remains in the
retorts. The composition of vitriol stone and
eolcothar will be seen from the following analy-
sis:—

Vitriol stone. Fe,03 20-07, A1203 4-67,
FeO 0-64, MnO traces, CaO 0-14, MgO 0-38,
K20 0-07, Na20 0-05, CuO 0-10, SiO, 010,
P„05 traces, SO, 40-51, As traces, H20 32-58-
99-32, or combining acid oxides and bases:
Fe2(S04), 50-17, Al2(SOt)3 11-94, FeS04 1-35,
MgS04 1-17, CaS04 0-33, CuS04 0-20, K.S0,
0-13, Na2S04 0-11, H„S041-49, MnO, As, andP.,0,
traces, Si02 9-10, OH, 3-31-99-29.

Colcothar. Fe„03 7-62, A1,0312-53, MgO 3-23,
CaO 0-8-2, SO., 5-Î7, Si02 1-17, CuO 0-20, E,0
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X-30-99-04 (F. Stolba, B. Konigl. Biihm. Gesells.
1835 ; S. C. I. G, 30).

VIVIANITE. Ferrous phosphate v. Iron.
VOLBORTHITE v. Vanadium.
VOIGERITE. Antïmony tetroxide v. Anti-

ïonï.
VOLUMENOMETER. v. Specific giîavitt.

VRAIC. Varech. The Frenck nanie for
telp, v. Iodine.

VULCANITE v. Indiarubber or Caoutchouc.
Also applied to a nitroglycerin explosive.

VULCAN POWDER v. Explosives.
VTJLPIC or VULPULIC ACID v. Lichens.
VULPINITE. A variety of anhydrite mixed

with silica. That from Vulpino near Bergamo,
known as the Marmo Bardiglio di Bergamo,
takes a fine polisk and is used for ornamental
purposes.

w

WAD v. Manganèse.
WALCHOVITE v. Resins.
WALN1JT HUSKS ( Brous des noix, Fr.) are

employed by the French dyers to give dun
colours. The green shells contain juglone or
hydroxy-[cî\-naphthaquinone ; v. Naphthalene.

WALNÛT 0IL v. Oils, fixed, and fats.
WASH. Tke name given to the fermented

wort ot the distiller.
WATER GLASS. Soluble glass v. Glass,

vol. ii. 224.
WATER. There is no substance of greater

importance on the earth than water, which is
absolutely indispensable to both animal and
vegetable life, which is the cause of many of the
most striking phenomena in nature, and which
is employed for countless purposes by man. Its
distribution is as wide as that of the air itself,
whilst the absolute amount in which it occurs

on the- earth is enormously greater. In a per-
fectly pure state it is never met with in nature,
and can only be obtained by the most reflned
opérations ; but the scope of the présent article
embraces ratlier the impurities présent in the
several kinds of water, and the discussion of

their significance in connection with the various
uses to which water is applied. The impurities
in water are derived from the materials—solid,
liquid, or gaseous—with which it cornes in con¬
tact, and they may be présent either in suspen¬
sion or in solution or in both ; but owing to the
great solvent power of water ail its natural
forms contain matters in solution, whilst in
many cases matters in suspension may be prae-
tically wholly absent. Inasmuch, therefore, as
the interest attaching to différent waters dépends
upon the impurities they contain, and these are
dépendent upon the matters with which they
have been in contact, it is most convenient to
classify waters according to their origin.

1. Bain-watcr, snow, hail, dew, and hoar-
frost. AU these forms of water are obtained by
the condensation of the aqueous vapour which
is invariably more or less abundantly présent in
the air. The amount of aqueous vapour which
can be contained in a given volume of air is
solely dépendent upon the température—or rather
the ' tension of aqueous vapour,' which rises
with the température, as indieated in thefollow-
ing table

Tension of aqueous vapour for each ~^th degree Centigrade, from 0° to 30°C. (Regnault).

Temp.
C.

Tension in
Temp.

O.

Tension in
Temp.

0.

Tension in
Temp.

C.

Tension in
inni. of mm. of mm. of mm. of

mercury mercury mercury mercury

0 4-6 2-3 5-4 4-6 6-4 6-9 7-4
•î 4-G •4 5-5 •7 6-4 7-0 7-5
•2 4-7 •5 5-5 •8 6-4 •1 7-5
•3 4-7 •6 5-5 •9 G-5 •2 7-G
•4 4-7 •7 5-6 5-0 6-5 •3 7-6
•5 4-8 •8 5-6 •1 G-6 •4 7-7

•G 4-8 •9 5-6 •2 6-6 •5 7-8

•7 4-8 30 5-7 •3 G-7 •6 7-8

•8 4-8 •1 5'7 •4 G-7 •7 7-9
7-9
8-0
ft.fi

•9
1-0

4-9
4-9

•2
•3

5-8
5-8

•5
•G

6-8
6-8

•8
•9

8-0
•1

•1 5-0 ■4 5-8 •7 6-9 o u

8*1
•2 5-0 •5 5-9 •8 6-9

8-1
•3
•4

5-0
5-1

•0
■7

5-9
6-0

•9
6-0

7-0
7-0

•2
•3
•4
•5
•G
•7
•8

8-2
8-2

•5 5-1 •8 6-0 •1 7-0 8-3
•6 5-2 •9 6-1 •2 7T

7T
7-2

,8-3
•7 5-2 4-0 6-1 •3 8-4
•8 5-2 •1 6-1 •4 8-5
•9

2-0
•I
•2

5-3
5-3
5-3
5-4

•2
•3
•4
•5

6-2
6-2
6-3
6-3

•5
•G
•7
•8

7-2
7-3
7-3
7-4

•9
90

•1

8-5
8-C
8-6
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Tension of aqueous vapour (continued).

Temp.
0.

Tension in
mm. of

mercury
Temp.

C.

Tension in
mm. of

mercury

Temp.
C.

Tension in
mm. of

mercury

Temp.
C.

Tension in
mm. of

mercury

9-2 8-7 14-4 12-2 19-6 17-0 24-8 23-3
•3 8-7 •5 12-3 •7 17-1 •9 23-4
•4 8-8 •6 12-4 •8 17-2 25-0 23-5
•5 8-9 •7 12-5 ■9 17-3 •1 23-7
•6 8-9 •8 12-5 20-0 17*4 •2 23-8
•7 90 •9 12-6 •1 17-5 •3 24-0
•8 9-0 15-0 12-7 •2 17-6 •4 24-1
•9 9-1 •1 12-8 •3 17-7 •5 24-3

10-0 9-2 •2 12-9 •4 17-8 •6 24-4
•1 9-2 •3 12-9 •5 17-9 •7 24-6
•2 9-3 ■4 13-0 •6 18-0 •8 24-7
•3 9-3 •5 13-1 •7 18-2 •9 24-8
•4 9-4 •6 13-2 •8 18-3 26-0 25-0
•5 9-5 •7 13-3 •9 18-4 •1 25-1
•6 9-5 •8 13-4 21-0 18-5 •2 25-3
•7 9-6 •9 13-5 ■1 1S'6 ■3 25-4
•8 9-7 160 13-5 •2 18-7 •4 25-6
•9 9-7 •1 13-6 •3 18-8 ■5 25-7

11-0 9-8 ■2 13-7 •4 19-0 •6 25-9
•1 9-9 •3 13-8 •5 191 ■7 26-0
•2 9-9 •4 13-9 •6 19-2 •8 26-2
•3 100 •5 14-0 •7 19-3 •9 26-4
•4 10-1 •6 14T •8 19-4 27-0 26-5
•5 101 •7 14-2 •9 19-5 •1 26-7
•6 10-2 •8 14-2 22-0 19-7 •2 26-8
•7 10-3 •9 14-3 •1 19-8 •3 27-0
•8 10-3 17-0 14-4 •2 19'9 •4 27*1
•9 10-4 •1 14-5 •3 20-0 •5 27-3

12-0 10-5 •2 14-6 •4 20-1 •6 27-5
•1 10-5 •3 14-7 •5 20-3 •7 27-6
•2 10-6 •4 14-8 •6 20-4 •8 27-8
•3 10-7 •5 14-9 •7 20'5 •9 m
•4 10-7 •6 15-0 •8 20-6 28'0 28-1
•5 10-8 •7 15-1 •9 20-8 •1 28-3
•6 10-9 •8 15-2 23-0 20-9 •2 28-4
■7 10-9 •9 15-3 •1 21-0 •3 28-6
■8 11-0 18-0 15-4 •2 21-1 •4 28-8
•9 11-1 •1 15-5 •3 21-3 •5 28-9

13-0 11-2 •2 15-6 •4 21-4 •6 29'1
•1 11-2 •3 15-7 •5 21-5 •7 29-3
•2 11-3 ■4 15-7 •6 21-7 •8 29-4
•3 11-4 •5 16-8 •7 21-8 •9 29-6
•4 11-5 •6 15-9 •8 21-9 29-0 29-8
•5 11-5 •7 16-0 •9 22-1 ■1 30-0
•6 11-6 •8 16-1 24-0 22-2 •2 30-1
•7 11-7 •9 16-2 •1 22-3 •3 30-3
•8 11-8 19-0 16-3 •2 22-5 ■4 30-5
•9 11-8

. -1 16-4 •3 22-6 •5 30-7
14-0 11-9 •2 16-6 •4 22-7 ■6 30-8

•1 12-0 •3 1C-7 •5 22-9 •7 31-0
•2 12-1 •4 16'8 •6 23-0 •8 31-2
•3 12-1 •5 16-9 •7 231 •9 31-4

If, then, the atmosphère lias become saturated
with aqueous vapour at anygiven température and
is then cooled below that température, the excess
of aqueous vapour will condense, according to
eircumstances, as rain, hail, snoiv, mist, dew, or
hoar-frost. Ali these forma of water having
been only in contact with the air and not with
the earth are cliaracterised by the small propor¬
tion of solid matter which tliey contain, al-
though the amount found, especially in the
vicinity of towns, is often considerably greater

than would be anticipated, and the rain-water
falling in the neighbourhood of the sea is often
mixed to a considérable extent with sea-spray,
which with favourable winds is carried many
miles inland. The mosl careful experiments on
the composition of rain-water have been maie
at Rothamstead, Herts, the rain being there col-
lected in a specially-constructed gauge placedin
a field at a distance of twenty-flve miles from
London. In the following table are recordedthe
maximum, minimum, and average proportions
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of each of the several ingrédients determined in [ colleeted in this gauge (Sixth Report of River
nolessthan seventy-one samples of rain-water | Pollut. Commiss. 1874).

Scventy-one samples of Rain-water collectecl at Rothamstead, 1869-1872.
(Résulta of Analysis expressed in parts per 100,000.)

•

—

Total solid
impurity

Organic
carbon

Organic
nitrogen

Ammonia
Nitrogen as
nitrates and

nitrites
Cblorine Hardness

Minimum 0-62 •021 •003 •005 0 0 0
Maximum 8-58 •372 ■121 •155 •044 1-65 1-7
Average 3-42 •095 •021 •049 •007 •33 '5
Rain-water col¬

leeted at Land's
End, Cornwall,

42-80 •131 •034 0 •020 21-8 ÎO'O

Jan. 2,1873
Rain-water col¬

leeted nearHyde 2-76 •383 •040 •210 •008 •5 1-1
l'ark, London,
Nov. 8,1873

It is tlius seen that the composition of rain-
water, even in the open country, is liable to very
great fluctuations, and that the amount of im-
purity, both minerai and organio, is occasionally
surprisingly large. The amount of organio im-

It must not, however, he supposed that the
above figures for rain-water give any idea of
the composition of the water to be found in rain-
water tanks and cisterns ; such water is generally
much contaminated by storage, besides con-
taining the washings of the roofs and gutters
from which it has been colleeted.

Two other impurities, not l'eferred to above,
which are generally présent in the rain-water
and snow of towns are sulphurous and sulphurie
acids derived from the combustion of coal.
Thus Angus Smith found in the rain-water of
London 2-05, of Liverpool 3-96, in that of Man¬
chester 1-48, and in that of Glasgow 7'02 parts
per 100,000 of sulphurie acid, to a considérable
estent in the free state. Very striking is the
property which snow has of absorbing the sul¬
phurous acid from the air. Thus Sendtner found
freshly-fallen snow in Munich to contain -7 part
sulphurie acid (S03) per 100,000, on the follow-
ingday 176 parts, after ten days 6-22 parts, and
after sixteen days 9-18 parts. The presence of
this free acid in the rain-water of towns is, of
course, not only highly detrimental to végétation,
but also to sculptures and buildings in which
marble orlimestone are employed. In the same
way the proportion of ammonia increases in the
snow after lying on the ground (Wagner, Tech¬
nologie, 305).

purity in dew and hoar-frost is even still greater
owing to these forms of water being condensed
out of the lowest and most-contaminated couches
of the atmosphère. Thus

For the volume and nature of the gases dis-
solved in rain-water see p. 964.

2. Upland surface water. This, of the various
kinds of terrestrial water, most nearly approaches
in composition that of the atmospherie waters
dealt with in the last section. It is, in point of
fact, rain-water which has undergone minimum
contact with the earth, although in conséquence
of the powerful solvent action of water even
this contact is sufficient to impart to the water
in many cases such proportions of dissolved
matter as are never found in rain-water. The
amount and nature of these ingrédients dépends,
of course, mainly upon the kind of soil over
which the water has travelled, and consequently
it becomes convenient to further sub-divide this
class according to the geological character of the
ground from which the upland surface water
has been obtained.

In the following tables are recorded the
maximum, minimum, and average amounts of
impurity found in the examination of a most
extensive sériés of samples, and published in the
Sixth Report of the Rivers Pollution Commission,
1874. The waters are in ail cases principally
derived from land not under cultivation, so as to
represent the characters naturally acquired by
water passing over the various geological forma¬
tions.

Seven samples of Dew and Hoar-frost, Rothamstead, 1869 and 1870.
(Itesults of Analysis expressed in parts per 100,000.)

— Total solids Organic
Carbon

Organic
nitrogen

Ammonia
Nitrogen as
nitrates and

nitrites
Chlorine Hardness

Minimum 2-64 •195 •020 •130 0 •35 1-3
Maximum 8-00 •450 •196 •280 •050 •80 2-5

Average 4-87 •264 •076 •198 •023 •53 1-9
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I.—Waters from non-calcareous strata.
(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organic
carbon

Organic
nitro-
gen

Am-
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-
bined
nitro¬
gen

Chlorine

Hardness

Tem-
porary

Perma¬
nent Total

(a) Upland surface water from Igneous rocks}
Maximum. 12-70 •582 •071 •004 •029 •073 2-10 •4 5-7 5-9
Minimum . 1-52 ■074 ■013 0 0 •014 •35 0 •8 •8

Average f 18 samples) 5'15 •278 •033 •001 •002 •035 1-13 •1 2-0 2-1

(b) Upland surface water from Metamorphic, Carribrian, Silurian, and Devonian rocks?
Maximum. 12-48 1-059 •076 008 •043 •110 3-35 1-8 6-9 6-9
Minimum . 2-14 •042 •001 0 0 •002 •52 0 •3 •4

Average (81 samples) 5-12 •293 •024 •002 •006 •031 •92 •3 2-5 2-5

(c) Upland surface water from Yoredale and millstone grits and non-calcareous portion oj
the coal measures.3

Maximum. 15-00 1-457 •103 •024 •042 •116 1-59 3-7 8-1 8-1
Minimum. 4-58 •033 0 0 0 •012 •65 0 ■9 •9
Average (47 samples) 8-75 •377 •033 •003 •010 •050 1-05 •4 4-3 4-7

(d) Upland urface water from Lower London Tertiaries and Bagshot b eds.
Maximum. 13-14 •439 •056 •012 •020 •086 2-60 •9 5-6 5-6
Minimum . 5-92 •282 •039 0 0 •039 1-24 0 1-8 1-8
Average (3 samples). 8-40 ■379 •048 •004 •007 •058 2-06 •3 3-5 8-8

1 Ail soft and peaty. Generally turbid, and of a yellowish or even brownish colour.
2 Tliis water is also generally peaty, and often turbid and coloured. Owing to tlie large area of tliese rocks exposed

tliey form some of the most important gathering grounds, especially in Scotland.
3 Soft, but generally turbid, peaty, and of a yellow or brownish colour.

II.—Waters from calcareous strata.
(Results of Analysis expressed in parts per 100,000.)

Nitrogen Total Hardness

Description
Total Organic Organic . as corn-

Chlorinesolid carbon nitro¬
monia

nitrates bined
matters gen and nitro¬ Tem- Perma¬

Totalnitrites gen porary nent

(a) Upland surface water from Sihtrian and Devonian rocks}
Maximum. 14-46 •475 •046 0 •055 •080 1-62 3-5 9-6 9'6
Minimum . 12-26 ■103 •008 0 0 •016 •83 0 5-2 7-5
Average (3 samples, |
ail from Scotland) j

13-71 •301 •026 0 •021 •047 1-20 1-2 7-4 8-6

(b) Upland surface water from mountain limestone.3
Maximum. 23-40 •812 •097 •002 •042 ■097 1-59 9-3 10-6 14-6
Minimum. 12-45 •218 •023 0 0 •024 •92 1-7 4-3 9-8
Average (7 samples). 17-07 •370 •047 •001 •OU •059 1-24 5-7 7-0 12-7

(c) Upland surface water from calcareous portion of coal measures.3
Maximum. 77-36 •856 ■089 •010 •061 •122 4-85 11-6 13-6 25-0
Minimum . 10-20 •0S2 •001 0 0 •014 •84 0 3-0 6-2

Average (26 samples) 22-79 •346 •037 •003 •016 •056 1-52 4-0 8-3 12-3

(d) Upland surface water from Lias, New Bed, and Conglomerate Sandslone.
Maximum. 26-32 •506 •075 •008 •034 •100 2-00 16-0 12-9 24-8
Minimum. 11-08 •186 •020 0 0 •022 •99 2-9 3-1 6-0
Average (8 samples). 18-92 •300 •042 •002 •012 •056 1-50 7-8 6-3 14-0

te) Upland surface water from magnesian limestone}
Ripon,tlieKexBeck, i

8 miles from source, [> 17-84 •172 •036 •001 0 •037 1-40 6-4 8-3 14-7
Jan. 27, 1874 . J

(/) Upland surface water from Oolites-5
The Brome, abovel

Woodlands Mill, {
Somersetshir e, !

17-46 •326 •025 •004 •042 •070 1-55 G-6 5-8 12-4

March 10, 1870. 1
1 Owing to the compact nature of the limestoue in tliese old formations, the liardness is very moderate.
2 Hardness not excessive, but large amount of organic matter (peaty), rendering the waters coloured and unpalatable.
3 Of very variable character; generally of only moderate hardness, but containing much peaty matter, and lience

coloured and unpalatable. 4 Slightly turbid.
6 Slightly turbid. Owing to the porous nature of Oolite formation, surface water is very rare.
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The above analyses show that the upland
Burface waters generally contain any considér¬
able amount o£ dissolved matters only when
they are derived from calcareous strata. The
organie matter is subject to great variations, but
will in every case be seen to contain only a very
small proportion of nitrogen in eomparison with
the carbon, indicating that the organie sub¬
stances présent are of vegetable and not of
animal origin, which is further attested by the
almost entire absence of ammonia, nitrates, and
nitrites, ail of which, when présent in arnount
beyond that in which they occur in rain-water,
are nearly exelusively derived from the décom¬
position of animal matters. The chlorine is also,
almost without exception, low,the upland gather-
ing grounds being generally beyond the reach of
sea-spray and not receiving the liquid excrements
of man and animais, which are particularly rich

in chlorides, whilst from their mere surface con¬
tact with the soil they have not extracted any
considérable quantities of the salts présent in the
lalter, as is the case with spring- and well-water.

3. Surface water derived from cultivated
land. This ineludes the great body of river-
waters, inasmuch as practically ail streams flow
through and receive accessions from land under
cultivation before reaching the sea. The com¬
position of such waters is very varied, depend-
ing as it does upon many local circumstances,
and being liable to great fluctuations at différent
seasons of the year. This group may, however,
be conveniently divided into two sub-groups, ac-
cording as the water is derived from calcareous
or non-calcareous districts. The following re-
sults of analyses of British waters of this de¬
scription are compiled from the Sixth Beport of
the Bivers Commission 1874 :—

Surface waters from cultivated land.
(Results of Analysis expressed iu parts per 100,000.)

Description
Total
solid

matters

Organie
carbon

Organie
nitro¬
gen

Am¬
monia

Nitrogen
as

nitrates
and

nitrites

Total
com¬
bined
nitro¬

gen

Chlorine

ïïardenss

Tem-
porary

Perma¬
nent Total

(a) Water from non-calcareous districts.'
Maximum 18-10 1-124 ■112 •056 •258 •393 2-80 4-6 8-0 10T
Minimum 5-26 •125 02 0 0 •017 •70 0 1-8 2-1

Average (31 samples) 9-52 •276 •034 •007 •089 •128 1-49 •6 4-3 4-9

b) Water from calcareous districts.3

Maximum 110-40 1-338 •307 •030 1-005 1-096 12-75 26-3 42-1 67-3
Minimum 13-22 •069 •009 0 0 •033 0-54 0 2-1 7-8
Average (144 samples) 30-08 •268 ■053 •005 •257 •314 2-24 12-4 8-2 20-6

1 TJsually turbifl, organie matter generally moderate in amount, but partially of animal origin.
1 This resuit is extremely improbable, more especially as the particular water in question (a sample of the water

supplied to Bury and RadclifEe, Lancashire) contained *229 organie carbon, *032 ammonia, and *066 nitrogen as nitrates
and nitrites.

' Generally turbid, the organie matter is much the same in amount as in the water from non-calcareous districts, but
generally more nitrogenous, in conséquence of calcareous soils being usually under higher cultivation tlian non-calcare-
cas oues, The total combined nitrogen is also for the same reason eonsiderably greater, and the hardness is, of course,
very much higher.

It will be seen tbat these surface waters
derived from cultivated land differ still more

materially from the original rain-water tban
do the upland surface waters of the previous
group.

In connection with the effect of cultivated
land upon the water which cornes in contact
with it, it is particularly instructive to note the
nature of the water which drains from such land,
as this throws the most important light upon
the composition of subterranean waters (from

springs and wells), which will be considered be-
low. An elaborate sériés of experiments on this
subject was jointly undertaken by the Hivers
Pollution Commissioners and Messrs. Lawes and
Gilbert some twenty years ago.

Pirstly, in the following table is recorded the
composition of the water obtained from drain-
pipes placed from 18 inches to 5 feet below a
plot of land at Rothamstead which had remained
both unmanured and uncropped for a period of
eleven to fifteen years :—

Composition of water from land unmanured and uncropped for eleven to fifteen years.'
(6th Bep. Riv. Com. p. 62.)

(Hesults of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organie
carbon

Organie
nitro¬
gen

Am¬
monia

Nitrogen
as

nitrates
and

nitrites

Total
com¬

bined
nitro¬
gen

Chlorine

Hardness

Tem-

porary
Perma¬

nent Total

Maximum 63'28 •235 •116 •026 4-936 4-981 3-80 7-2 11-9 16-6
Minimum 18-00 •096 •026 0 •607 •654 •60 •3 3-2 3-5
Average (15 samples ~]

distributed over b 32-06 •154 •053 •006 2-195 2-253 1-65 4-1 8-5 12-6
four years) . J

1 Tlie samples varied from cl'ear to turbid.
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From this table it will be seen that the con¬

version of the original nitrogenous organic mat-
ter in the soil into minerai products is a very
slow process, large quantifies of nitrates being
still présent in the drainage waters after the
lapse of so many years (v. Niteification).

It is interesting to compare with the aboii
the composition of the water draining from s

plot of land unmanured for sixteen totwenty.om
years, but continuonsly bearing an annual wheat
crop during that time :—

Compositioii of water from land unmanured for sixteen to tiventy-one years, but continuously
bearing wheat crops. (6th Rep. Riv. Com. p. 60.)

(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organic
carbon

Organic
nitro¬
gen

Am¬
monia

N itrogen
as

nitrates
and

nitrites

Total
coni-

bined
nitro¬

gen

Clilorine

Hardness

Tem-
porary

Perma¬
nent Total

Maximum
Minimum

Average (11 samples "1
distributed over

five years) . J

48-40
18-80

24-96

•242
•099

•170

•058
•010

•084

•006
0

•002

2-268
0

•645

—

3-80
•80

1-37

14-1
8-9

10-8

22-4
3-9

8'4

32-7
13-5

19-2

As might have been anticipated, the propor¬
tions of ammonia and nitrates finding their way
into the drainage water in this case were much
less, and in the summer months during the
growth of the crop the amount of this minerai
nitrogen found in the drainage water was practi-
cally nil.

We will, in the next place, compare with the
above the composition of the drainage water
from land which had annually been manure!
with 14 tons of farmyard manure per acre orei
a period of twenty-four to twenty-nine years,
and bearing wheat continuously during that
time :—■

Composition of drainage water from land manured with 14 tons farmyard manure per acn /or
tioeniy-four to twenty-nine years. (Oth Rep. Riv. Com. p. 58.)

(Kesults of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organic
carbon

Organic
nitro¬
gen

Am¬
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-

bined
nitro¬

gen

i

Chlorine

Hardness

Tem-
porary

Perma¬
nent Total

Maximum
Minimum
Average (13 samples \

over five years) J

51-20
14-00

25-90

1-243
•181

■519

•335
•036

•115

•052
0

•009

2-592
•082

•528

2-754
•130

•665

3-35
•60

1-30

12-1
1-4

6-8

20-6
5-4

8-6

324
87

154

Thus the différence between the
waters from the unmanured and manured land
is not nearly so great as might have been ex-
pected, being principally confined to the larger
proportion of organic matter found in the latter.

The above results may also be profitably
compared with those obtained in the analysis of

a large number of samples of the drainage
water from the sewage farms at Barldng (Lon-
don), Âldersliot, Bedford, Romford, Altrincham,
Rorwood, and Croydon, in ail of which the tom
sewage is, or was, applied to land, witli the
double object of purifying the sewage and de-
riving a profit out of the crops raised. Thus

Composition of drainage water from sewage farms. (Gth Rep. Riv. Com. pp. 55-57.)
(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organic
carbon

Organic
nitro¬
gen

Am¬
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-

bined
nitro¬

gen

Chlorine

Hardness

Tem-
porary

Perma¬
nent Total

Maximum 103-00 2-160 •517 1-366 6-499 6-833 13-40 36-9 39-3 56-G
Minimum 18-60 •108 •034 •005 0 •069 2-15 0 3-9 3-9
Average (72 samples) 64-02 •982 •191 •388 •756 1-266 6-36 17-6 15-4 330

It will thus be seen that the drainage water
from such sewage farms is generally far richer
in both organic and inorganic impurities than
the water draining from either manured or un¬
manured land, the passage of the water through
the ground being in the latter case a much

slower one, and thus allowing time for more
perfeet purification by soil and plants. Occa-
sionally, as indicated by the above minimum re¬
sults, the drainage water from sewage farms is
most remarkably free from impurities. A much
purer drainage water is often yielded in the care-
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(ni intermittent downward filtration of sewage I following results obtained by sueli treatment of
tkough Buitable land, as is indicated by the | the sewage of Merthyr Tydfil :—

Composition of drainage water from intermittent filters. (6th Rep. Riv. Com. p. 57.)
(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Organic
carbon

Organic
nitro¬
gen

Am¬
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-

bined
nitro¬
gen

Chlorine
Tem-

porary

îardness

Perma¬
nent Total

Maximum 36*28 •249 •056 •095 •341 •433 3-25 12-4 11-7 22-4
Minimum 31-88 •103 •012 •025 •194 •226 2-60 7-2 8-1 17-1
Average (6 samples) 33-93 •156 •032 •063 •269 •352 2-84 10-0 9-7 19-7

These are chemically almost indistinguish-
able from drinking water, so perfeet is the
purification effected in traversing a few feet of
porous soil.

The knowledge thus gained of the composi¬
tion of waters draining from cultivated land be-
comes of spécial value in studying the nature of
theneit group of waters (shallow well water)
npon which such a large part of the population
in villages and eountry districts dépends.

4. Shallow well water. It has been esti-
mated that about twelve millions of the in-
habitants of Great Britain are supplied with
rater for domestic purposes from shallow wells.
This class of water is, above ail others, liable
to the most serious contamination with sewage
and other refuse animal matters, inasmuch as
such wells for domestic supply are almost in-
varmblysunk in the immédiate vicinity of human
dwellings, and very frequently within a few feet
of the cesspool receiving their drainage. It is
jnst these waters also which have been most
frequently found guilty of causing serious out-
hreaks of typhoid fever amongst the persons
using them. In conséquence of the great prac-
tical interest attaching to these waters, their
composition will be considered in connection with
lie principal geologieal formations upon which
such shallow wells may be sunk.

, The sériés of results reeorded on the next page
afiords a remarkably complété pieture of the com¬
position of shallow well waters as met with in
Great Britain. It will be at once apparent within
what very wide limits the composition of these
waters varies, even when derived from one and
the same geologieal formation, which is due to
their being not generally an aqueous extract of a
soil in itsnatural condition, but of ground which
has received ail manner of additions, and which
is often saturated with sewage and other animal
refuse. In conséquence of the extraordinary
oiidising power of soil, the organic matter of
this refuse is not unfrequently almost entirely
destroyed before reaehing the wells, and even
the ammonia, which is one of the first produqts
of its décomposition, has often entirely dis-
appeared, having generally beeome converted
into nitrates and nitrites. Of nitrates and ni-
trites these shallow well waters generally contain
some, and often a most astonishingly large
amount, whicli thus, together with the ammonia,
testify to the water having previously been in
contact witli nitrogenous organic matter which
has subsequently undergone destruction. It is
the custom of some water analysts to designate

Vol. III.--T

this evidence afforded by the presenee of minerai
nitrogen (ammonia, nitrates, and nitrites) as
'previous sewage contamination ' ; but the term
is open to grave objections, inasmuch as water
may lose this minerai nitrogen through the
action of miero-organisms and other plant-life
in the soil, and thus become stripped of its his-
tory, which may be as bad, and worse, than that
of a water containing an abundanee of nitrates
or ammonia. In shallow well waters, even when
the organic matter is only small in amount, it
is generally highly nitrogenous, pointing to its
probable animal origin, and in some exceptional
cases the organic nitrogen found is aetually in
exeess of the carbon. These waters, which are
generally suspicious from the presenee of minerai
nitrogen, become in the highest degree dangerous
when the proportion of organic matter is large
also, although theyare generally, notwithstanding
the abundanee of such revolting impurity, clear,
palatable, and usually preferred by unwary con-
sumers to waters containing a far smaller pro¬
portion of innocuous vegetable organic matter.

5. Deep well waters. It has been found con¬
venant to distinguish for sanitary purposes be-
tween waters which are obtained from compara-
tively shallow wells and those which are derived
from wells or bore-holes of, say, upwards of
100 feet in depth, and sometimes reaehing to the
profound distance of more than 1,000 feet below
the surface of the earth. The presumption is in
favour of waters obtained from such a depth
having undergone very perfeet filtration through
porous strata, and eonsequently it is not usual
to view the evidence of previons contact with
animal matters which is afforded by the pre¬
senee of minerai nitrogen with so much sus¬
picion as in the case of the waters from the
shallower wells. The great efficiency of the
filtration which most of these deep well waters
have undergone is attested both by their extra¬
ordinary freedom from organic matter, and by
their almost absolute freedom from every kind of
suspended material, whether organic or inorganic
(see, for the bacteriologieal examination of water,
the table on page 992). In conséquence of
the excellent water obtainable from such deep
wells, they have been multiplied enormously
during the past thirty years, so that at the pré¬
sent time not only are many towns (including a
part of London) and villages supplied from this
source, but also nearly ail larger breweries and
many private establishments in which a pre-
mium is put upon a pure water supply. In
some cases these deep wells are of the kind

3 P
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Shallow well waters.

(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matters

Orgauic
carbon

Organic
nitro-

gen

Am-
monia

Nitrogen
as

nitrates
and

nitrites

Total
combined
nitrogen

Harduess

Ihlorinc
Tem-
porary

Per¬
manent Total

From Gneiss and Silurian rocks1 (6th Re]d. Riv. Com. p. 69).
Maximum 100-20 •362 •110 •625 2-465 3-090 17-00 22-3 19-2 41-5
Minimum 6-32 •027 •003 0 •033 •040 •90 0 3-3 3-4

From Devonian rocks- (29 samples analysed).
Maximum 105-20 •794 •172 •630 4-197 4-261 17-00 18-3 47-8 55-7
Minimum 12-16 ■004 •003 0 •033 •039 1-60 0 3-2 5-0

From Yoredale and millstone grits3 (20 samples analysed).
Maximum 133-60 •859 •216 •010 5-100 5-200 13-90 37-2 65-1 90-0
Minimum 5-92 •039 •007 0 •006 •013 •65 0 2-9 2-9

From coal measures4 (44 samples analysed).
Maximum 220-92 1-200 •169 •170 10-102 10-262 29-00 28-2 112-6 140-8
Minimum 9-40 •024 •007 0 0 ■015 •99 0 1-4 3-4

From mountain limestone and magnesian limestone5 (9 samples analysed).
Maximum 108-88 •190 •070 •002 4-812 4-884 13-35 40-1 48-5 88-6
Minimum 45-84 •037 •010 0 •527 •549 2-40 18-3 21-8 40-7

From New Red Sandstone6 (87 samples analysed).
Maximum 240-20 2-349' I -346' •620 14-717 15-333 39-00 52-0 99-6 127-1
Minimum 20-64 •029 1-009 0 0 •027 1-40 0 3-8 17-1

From Lias8 (38 samples analysed).
Maximum 306-85 1-792 •298 •152 19-858 20-123 40-50 40-1 111-0 116-9
Minimum 49-48 •052 •023 0 0 •033 1-75 0 1-2 2-7

From Oolites9 (25 sanaples analysed).
Maximum 269-60 2-662 •531 •240 12-220 12-508 44-50 42-6 55-9 78-9
Minimum 31-00 •041 •008 0 0 •178 1-23 10-8 3-1 23-0

From TJppcr and Lower Greensand and Wealden10 (21 samples analysed).
Maximum 381-10 •485 •196 •160 6-722 6-735 82-50 35-8 44-7 80-5
Minimum 10-52 •014 •006 0 0 •012 2-10 0 3-8 3-8

From chalk11 (33 samples analysed).
Maximum 159-16 •772 •340 1-700 6-345 7-779 28-50 39-7 47-1 71-5
Minimum 32-48 •014 •007 0 •613 •628 1-79 12-0 5-6 23-6

From gravcl on the London Clayu (49 samples analysed, 37 from London itself).
Maximum 396-50 1-006 •604 2-750 25-840 25-927 34-60 49-2 164-3 191-0
Minimum 31-80 •040 •012 0 0 ■013 1-90 o 5-7 14-3

From Bagshot beds13 (8 samples analysed).
Maximum 286-80 1-295 •154 •630 17-940 — 31-15 21-5 111-9 131-7
Minimum 23-18 •078 •027 •001 0 •087 2-48 5-4 5-6 13-1

From fluvio-marine sériés14 (13 samples analysed).
Maximum 66-12 •429 •093 •016 3-640 3-734 7'20 12-1 29-3 36-4
Minimum 8-16 •063 •010 0 0 ■010 2-40 0 4-6 4-6

Fr9m alluvium and gravel15 (29 samples analysed).
Maximum 320-72 •931 •940 3-050 11-265 14-300 36-25 36-4 118-6 152-4
Minimum 28-58 •015 •010 0 0 ■074 1-70 2-7 1-9 4-6

1 In almost ail cases clear and palatable. 2 Generally clear and palatable. 3 Almost ail clear and palatable.
* In many cases clear and palatable ; but in otbers turbid, and even very turbid.

* AU clear or slightly turbid and palatable.
® Generally clear, or only sliglitly turbid and palatable. In a few cases saline taste.

' Even this water was clear and palatable. 8 In nearly ail cases clear, or slightly turbid and palatable.
0 Yarying from clear and palatable to very turbid. In some cases saline taste.

10 Mostly more or less turbid. Palatable. 11 Clear to very turbid. Palatable, or occasionally slight saline taste.
12 Generally more or less turbid and palatable. Occasionally slight saline taste.

18 Generally more or less turbid and palatable. 14 More or less turbid and palatable.
18 Generally clear or only slightly turbid and palatable. Occasionally slight saline taste.
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Inown as 'Artesian' (from Artois, in France,
wheretheywere probably first employed) ; thatis
to say, on reaching the water-bearing stratum
mth the bore-hole the water rises to the level or

even considerably above the level of the ground,
the phenomenon being due to the underground
rater being confined under pressure beneath an
impervious stratum of clay or the like, and
through the outcrop of the water-bearing
stratum being at a considerably higher altitude
than the point at which the boring has been
made. Thus, in the London basin, 'Artesian
rails ' are obtained by sinking through the Lon¬
don clay into the chalk beneath, which has its
outcrop at considérable altitudes in the chalk
hills on the north and south of the Thames
valley. Owing to the large amount of pumping
which now goes on from such water-bearing
strata, however, the water of many wells which
formerly rose to the surface has now to be
pumped. In the great majority of deep wells
the water does not rise nearly to the surface, and
the pumps have often to be placed at considér¬
able depths in the shaft. It is usual, and highly
désirable, to line these wells to a considérable
depth with closely-fitting iron cylinders, in order

to exclude surface water, and unless this is care-

fully done the deep wells may become as objec-
tionable and dangerous as shallow ones.

The following tables, in which the same
classification as for the shallow wells above is
preserved, afiord a survey of tbe général cha-
racter of these deep well waters obtained in
Great Britain. In nearly ail the samples of
which the maximum, minimum, and average
results are given below, it may be taken that
the wells were unpolluted by surface water, but
for the sake of comparison there are appended
to most of the sections analyses of deep well
waters from the same strata in which pollution
by surface or imperfectly-filtered water is highly
probable.

These results most conclusively demonstrate
the great superiority from a chemical point of
view of the subterranean waters obtained at
great depths to those derived from shallow wells.
Indeed, these deep well waters are, as regards
organic matter, amongst the purest to be found
in nature, and hence, unless extremely hard,
they are of the best quality for drinkingpurposes.

Closely associated with these deep well
waters is the next group of spring waters.

Deep Well Waters. (6th Rep. Biv. Com. p. 89.)
(Results of Analysis expressed in parts per 100,000.)

Description
Total
solid

matrers
Organic
carbon

Organic
nitro-
gen

Am-
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-

bined
nitro¬
gen

Chlorine

Hardness

Tem-

porary
Perma¬
nent

Total

From Devonian rocks.

Maximum. 45-30 •083 •016 •001 •696 •713 4-20 26-2 16-4 32-5
Minimum. 8-94 •021 •005 0 •044 •049 1-40 •5 3-1 3-6

Average (5 samples) 29-41 •047 •012 0 •400 •412 2-96 8-9 9-4 18-3
Polluted well at

Bromyard1 .
85-12 •177 •048 0 2-279 2-327 11-25 25-0 16-2 41-2

Polluted well at
Dundee1 27-50 •119 •027 •025 •532 •580 3-05 9-6 8-5 18-1

From millstone grit.
Well at Bradford,

Yorks1 . 55-40 •150 •005 •028 •038 •066 3-23 6-8 7-3 14T
Well at Glossop,

Derby1 . 26-32 •092 •020 •003 •019 •042 •89 9-8 5-9 15-7

From coal measures.

Maximum 144-88 •198 •064 •170 1-468 1-494 59-85 28-2 48-5 75-0
Minimum 33-42 •045 •014 0 0 •029 1-29 5-7 1-2 9-9
Average (9 samples) 83-10 •119 •034 •044 •207 •278 18-05 15-1 20-6 35-7
Polluted well at

Holyrood, Edin-
burgh . 92-54 •326 •175 •056 •950 1-171 7-95 27-9 8-3 36-2

From magncsian limestone.
Mansfield, Wood-

house3 . 54-32 •139 •039 0 1-188 1-227 3-20 23-4 26-0 49-4
Pontefract, Yorks2 . 84-92 •054 •021 0 2-673 2-694 5-55 26-5 40-8 67-3

SundevlandiDurham3 44-18 •035 •030 0 •416 •446 4-17 •8 13-9 14-7

From New Red Sandstone
Maximum 62-84 •091 •038 •039 3-508 3-528 7-51 19-4 20-0 35-6
Minimum 14-20 0 0 0 0 •009 1-30 0 4-9 5-7

Average (28 samples) 30-63 •036 •014 •003 •717 •734 2-94 7-4 10-5 17-9
1 Only two samples analysed. 2 Only three samples analysed.
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Deep Well Waters (eontinued).

Description
Total
solid

matters
Organic
Carbon

Organic
nitro-

gen

Am-
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-
bined
nitro-

gen

Clilorine
Tem-

porary

Hardues

Perma¬
nent Total

From New Red Sandstone (eontinued). • ^
Polluted well atLich-

field . 32-06 ■163 •038 •003 •489 •529 2-20 9-3 9-0 18-3
Polluted well at

Liverpool 86-70 •135 •038 •005 8-678 8-721 12-61 11-5 24-0 35-5
Polluted well at Ox-

ton 27-80 •249 •034 •001 •376 •411 3-52 5-6 8-5 141

From Lias.

Well at Northampton 57-76 •168 ■024 •003 1 0 •026 5-15 8-6 1-7 10-3
Well at Somerton,

Somerset 84-20 •124 •030 0 •778 •808 3-70 35-3 14-7 50-0
Polluted wellat Trow-

bridge, Wilts 144-34 ■236 •057 •002 •550 •609 36-70 27-4 29-7 57-1

From Oolites.

Maximum 41-90 •054 •018 •110 1-898 1-907 3-70 18-0 10-6 23-#
Minimum 26-60 •023 ■005 0 0 •099 1-35 8-3 3-6 18-9

Average (5 samples) 33-60 •037 •010 •022 •625 •654 2-69 13-8 6-8 20-6
Polluted maximum of

3 wells . 71-04 •217 •053 •002 •778 •800 7-80 26-4 12-9 39-3
Polluted minimum of

3 wells . 27-48 •106 •020 0 0 ' •047 2-10 12-6 8-G 21-2

From Ilastings sand, Lower and Vpper Greensand, and Wealden.
Maximum 79-20 •120 •021 •074 1-074 1-085 10-00 27-8 26-0 44-3
Minimum 28-24 •028 •003 0 0 •007 1-60 1-1 1-2 3-6
Average (20 samples) 45-20 •068 •014 •016 •196 •223 5-38 16-8 10-5 27-3
Polluted well in

Lower Greensand
at Sevenoaks 38-76 •447 •072 0 •252 •324 5-90 7-2 13-4 20-t

From chalk.

Maximum 66-34 •131 •064 •029 2-277 2-319 11-10 38-6 13-8 50-0
Minimum 23-30 0 0 0 trace •014 1-00 10-8 2-7 191
Average (66 samples) 36-88 •050 •017 •001 •610 •628 2-76 21-2 6-5 27-7
Polluted wells, maxi¬

mum . 216-40 •821 •186 •150 3-401 3-484 106-0 36-1 34-3 51-5,
Polluted wells, mini¬

mum . 32-16 •107 •028 0 0 •204 1-83 -13-9 5-3 23-9

From chalk beneath London clay.
Maximum 106-70 •195 •067 •118 •645 •681 38-80 29-5 25-4 48-5
Minimum 33-38 •055 •005 .0 0 •053 2-38 0 •9 -91

Average (13 samples) 78-09 ■093 •028 •048 •068 •135 15-02 9-7 8-7 18-4
Polluted wells at Col-

chester. 96-20 •174 •030 ■021 2-582 2-629 21-00 12-7 13-0 23-7
Polluted wells at

Hounslow . 82-40 •273 •042 ■001 •846 •889 9-05 26-2 8-1 34-3

1
From Thanet sand and drift.

Maximum 61-10 •133 •021 •190
"

-438 •457 9-10 23-7 12-0 34-0
Minimum 45-96 ■074 •019 0 0 •019 5-20 4-5 3-6 8-1

Average 14 samples) 53-84 •113 •020 •072 •116 •202 6-32 14-4 7-6 22-0

6. Spring water. In the following table the from which they are derived, whilst for the sale
results of a large number of, presumably unpol- of oomparison the composition of probably pol-
luted, British spring waters are arranged accord- luted spring waters from the same geologieal
ing to the geologieal nature of the ground sources are in many cases appended.
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WATER. 949

Spring water. (6th Rep. Riv. Com. p. 107.)
(Resuit of Analysis expresse! in parts per 100,000.)

Description
Total
solid

matters
Organic
carbon

Organic
nitro-
gen

Am-
monia

Nitrogen
as

nitrates
and

nitrites

Total
com-
bined
nitro¬
gen

Chloriue

.]

Tem-
porary

tlarduess

Perma¬
nent Total

From grcmite and gneiss
Maximum 9-44 •119 ■019 •002 •204 •210 3-10 1-2 5-3 5-6
Minimum 1-40 0 0 0 0 •013 •55 0 1-2 1-2

Average (8 samples) 5-94 •042 ■008 •001 •106 •115 1-69 •4 •2-6 3-0

From Silurian rocks.
Maximum 27-10 •096 ■042 •005 •659 •674 3-70 6-9 9-3 15-8
Minimum 3-04 •011 •002 0 0 •011 •90 0 1-5 1-5

Average (15 samples) 12-33 -051 •014 •001 •178 •192 1-84 1-5 5-3 6-8

From Devonian and Old Red Sandstone.
Maximum 66-90 •124 •034 •006 4-104 4-128 13-80 22-4 12-4 29-9
Minimum 5-50 •009 •001 0 •013 •028 1-30 0 1-9 2-2

Average (22 samples) 25-06 •054 •012 •001 ■764 •777 3-85 4-8 7'2 12-0

From mountain limestone.
Maximum 98-50' •286 •023 •006 1-022 1-036 32-001 20-9 29-5 48-5'
Minimum 15-70 •011 0 0 0 •001 •70 2-1 3-3 110

Average (13 samples) 32-06 •087 •010 •001 ■224 •235 4-63 10-9 8-9 19-8

From Yoredale and millstone grits.
Maximum 40-80 •109 •028 •006 •617 ■650 3-45 21-4 11-5 26-4
Minimum 3-32 •017 •004 0 0 •005 •95 0 2-7 2-7

Average (8 samples) 17-73 •042 •011 •001 •169 •181 1-73 6-6 5-7 12-3

From coal measures.

Maximum 39-60 •120 •027 •008 1-813 1-860 3-35 14-5 17-1 25-7
Minimum 6-84 •029 •004 0 0 •010 •95 0 2-3 2-6
Average (22 samples 1

irom millstone 1
grit and ooal mea- [

21-91 •050 •014 •001 •393 •408 1-85 5-2 7'9 13-1

sures) . . J
From magnesian limestone.

Pontefract, Yorks 66-52 •058 ■038 •002 1-686 1-726 3-40 4-9 34-8 59-7

From New Red Sandstone.
Maximum 74-26 •118 •069 •014 1-256 1-275 7-00 19-8 250 35-7
Minimum 12-90 •027 0 0 0 •006 1-30 0 4-2 8-0

Average (15 samples) 28-69 •065 ■017 •001 •330 •349 2-19 8-1 10-7 18-8

From Lias.
Maximum 58-12 •131 •036 •009 1-332 1-353 4-80 32-3 17-4 45-7
Minimum 21-22 ■024 ■006 0 0 •035 1-35 91 5-3 15-1
Average (7 samples) 36-41 •073 •019 •001 •467 •487 2-48 21-3 8-8 30-1

From Oolites.
Maximum 52-16 •140 •021 •014 1-157 1-168 3-30 30-0 13-5 38-7
Minimum 22-30 •009 •003 0 0 •014 ■97 11-3 3-5 16-9
Average (35 samples) 30-33 •043 •011 •001 •402 •414 1-55 18-2 6-2 24-4

From Loioer Greensand, Hastings sancl, and Upper Greensand.
Maximum 68-40 •135 •028 •003 1-116 1-129 7-10 25-0 22-1 40-2
Minimum 4-55 •002 •002 0 •034 •045 1-10 0 ■7 •7

Average (19 samples) 3005 •053 •012 0 ■326 •338 2-98 13-6 6-6 20-2

From clialk.
Maximum 39-30 •097 •023 •006 ■863 •874 7-40 25-3 8-1 32-2
Minimum 25-36 •008 •003 0 0 •009 1-05 6-8 3-6 12-4

Average (30 samples) 29-84 •044 •010 •001 •382 •392 2-45 18-1 5-5 23-6

From fluvio-marine, red crag, drift, and gravel.
Maximum 225-24 •164 •043 •007 1-277 1-293 4-27 32-2 94-3 126-5
Minimum 24-62 •004 •006 0 •004 •034 2-10 ■7 6-1 12-6
Average (10 samples) 61-32 •086 •019 •001 •354 •374 2-76 18-0 19-6 37-6

1 Water supply of Weston-super-Mare ; thèse exceptionally high results doubtless due to access of sea rvater.
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950 WATER.

7. Mineraispringwaters. Many springwaters
possess marked médicinal properties in consé¬
quence of the materials they hold in solution,
but in some cases these properties must be of an
imaginary character, as some of the waters in
question are only remarkable for their great
purity, and have no claim to the title of ' minerai
water,' which should be limited to such as con-
tain either exceptional ingrédients or ordinary
ingrédients in unusually large proportions. An
immense number of such waters are in use, and
have been submitted to careful analysis ; a very
extensive collection of such analyses is to be
foundinRaspe's ' HeilquellenAnalysen,' Dresden,
1885.

These minerai waters are conyeniently clas-
sified by Hermann Weber (Quain's Dictionary of
Medieine), according to the ingrédients which
characterise them, into — (1) Simple thermal
waters ; (2) commonsait or muriated saline waters ;
(3) alkaline waters ; (4) sulphated saline waters ;
(5) iron or chalybeate waters; (6) sulphur
waters ; (7) eartliy and calcareous waters.

(1) The simple thermal waters, whilst con-
taining only a moderate proportion of dissolved
solids, are characterised by a high température,
from 27°-65°C., and sometimes by the presence
of an unusually large proportion of nitrogen.
The principal springs of this class are : Panti-
cosa, Leukerbad, Bormio, Gastein, Pfâffers,
Johannisbad, Ragatz, Wildbad, Plombières,
Buxton, Bath, Lueca, Teplitz, Schlangenbad, &o.

(2) Common sait or muriated saline waters
contain sodium chloride as the principal consti¬
tuent, although this also oceurs often in large
quantity in many of the other classes of minerai
waters. These sait waters or brines are very
common in almost ail countries. Some of the
principal ones inEngland are : Droitwich, Nant-
wich, Middlewich, Woodhall, and Harrogate ;
Leamington and Cheltenham along with sodium
sulphate. In Germany: Kissingen, Homburg,
Nauheim, Kreuznach, Soden, Pyrmont, Wies-
baden, Ischl, Kreuth, Baden-Baden, &c. In
France: Bourbonne-les-Bains, Lamotte-les-
Bains, Balaruc, Salins. In Italy : Castellamare,
Ischia, Monte Catini, La Porretta. In Switzer-
land : Bex.

(3) Alkaline waters are characterised by the
presence of carbonate of soda, almost always
with more orlessfreecarbonicacid, and sometimes
with a large quantity also of sodium chloride.
Of the simply alkaline waters, there are—(a)
Hot : Vichy, Neuenahr, Mont-Dore, Chaudes-
aigues, Néris; (6) Cold : Apollinaris, Vais,
Salzbrunn, Bilin, Wilhelmsquelle, Taunus,
Marcolo ; whilst the chief muriated alkaline
waters are : (a) Sot : Ems, Boyat, La Bourboule ;
and (6) Cold : Luhatschowitz, Selters, Gleichen-
berg, Bosbach, Vic-sur-Cère. Several of these,
but especially La Bourboule and Mont-Dore,
contain a marked proportion of arsenic.

(4) Sulphated waters contain either sodium
or magnésium sulphate, or both, as the promi¬
nent ingrédients, in some cases also associated
with sodium carbonate and chloride. They are
often called ' bitter waters.' The chief simple
sulphated waters are: Galthof, Pullna, Said-
schutz, Sedlitz, Birmensdorf, Ivanda, Hunyadi
Janos.Epsom, Aranjuez,Friedrichshall, Mergent-
heim ; the two latter are also rich in chlorides.

Weaker springs of the same kind are found at
Leamington, Cheltenham, Scarborough, and at
Purton Spa. Of alkaline sulphated waters there
are : Carlsbad, Marienbad, Tarasp-Schuls,
Franzensbad, Elster, and Bertrich.

(5) Iron or chalybeate waters are those in
which an unusual proportion of this element is
présent, either in otherwise comparatively pure
water or associated with other minerai matters.

Thus, of comparatively pure chalybeate waters,
there are those of Schwalbach, Spa, Briickenau,
Schandau, Liebwerda, Flinsberg, Freienwalde,
Becoaro, Kônigswarth, Liebenstein, Altwasser,
Alexisbad, Muskau, Tunbridge Wells, and one
of the springs at Harrogate ; whilst of waters in
which the iron is associated with a considérable
quantity of other salts, there are those of Arata-
pak, Orezza, Pyrmont, Driburg, Rippoldsan,
Griesbach, Antogost, Petersthal, Booklet, St.
Moritz, Reinerz, Godesberg, Cudowa, hnnan,
and Santa Catarina.

(6) Sulphur waters are those containing ap¬
préciable quantifies of either sulphuretted
hydrogen or the sulphides of sodium, potassium,
calcium, or magnésium. Some of the more im¬
portant thermal sulphur waters are those of
EauxChaudes, Cauterets, Saint Sauveur,Barèges,
Bagnères-de-Luehon, Ax, Escaldes, Le Vernet,
Amélie-les-Bains, Uriage, Allevard, Aix-les-
Bains, Aix-la-Chapelle, Baden (Austria), Baden
(Switzerland), Lavey, Schinznach, Battagliaand
Abano in the Euganean Mountains, Panticosa,
Mehadia, Helouan, near Cairo ; whilst of cold
sulphur springs there are those of Eilsen,
Neundorf, Langenbriicken, Weilbach, Meinberg,
Beutlingen, Enghien, Challes, Stachelberg,
Heustrich, Gurnigel, some of the Harrogate1
springs, Llandrindod, Builth, Moffat, Stratb-
peiïer, Lisdunvarna.

(7) Eartliy and calcareous waters are charac¬
terised by the presence of large proportions of the
carbonate and sulphate of lime, and carbonate
of magnesia. Some of the more important aie
found at Wildungen, Lippspringe, Weissenbutg,
Contrexéville, Bagnères-de-Bigorre, St. Arnaud,
Crausac, whilst the table waters of Couzan, St.
Galmier, and Taunus are of the same character,
(See tables, pp. 952-959.)

8. Sea water. The océan is a great évapora-
ting-basin, which is constantly reeeiving waters,
more or less impure, in the shape of rivers, whilst
at the same time it is constantly losing pure water
in the form of vapour, the impurities remaining
behind and imparting to the sea its well-known
saline character, which also distinguisbes ail
lakes which are devoid of outlet, like the Dead
Sea, Caspian, Aral, Great Sait Lake, Utah, te,
in which the same proeess of concentration bp
evaporation is going on. As will be seen from
the accompanying analytical table, tbe composi¬
tion of the océan varies eonsiderably in différent
places and at différent depths, whilst land-locked
seas, like the Mediterranean, Blaek Sea, and
Baltic, présent even still greater différences,

1 For an interesting account of tbe minerai waters of
Yorkshire, in which tbe composition of the Harrogate
springs is traced from 1783 to the présent time, see Thorpe,
C. J. 1881,497-516. The * Chloride of Iron Spa,' Harrogate,
is shown to contain *506-*550 part, the ' Montpellier Strong
Sulphur "Weiy Harrogate, *8774 part, and the ' Boston Spa,'
Thorp-Arch, *111 part of barium respectively in 10,000
parts of water.
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(RésultaofAnalysisexpressedinpartsper1,000.)
Seas

Pointofcollectionof
N'a

Cl

Mg

Ca

so.

Fe

Fixed

Authors

sample

K

Br

co„

Hesidue

AtlanticOcéan.
0°47'S.—33°20'W..
11-081

19-460

0-9568

0-4567

0-7604

2-577

0-4069

35-700

S

>>

20°54'N.—40°44'W..
10-464

19-012

1-2735

0-4684

0-7252

2-446

0-3102

—

34-700

Bibra,A.u.Pharm. 77,90.

>»

41°18'N.—36°28'W..
11-719

20-840

1-1981

0-5568

0-6682

3-029

0-3878

—

38-400

»»

CapeHorn

10-457

18-841

1-1763

0-5289

0-5916

2-878

0-3271

—

34-800

NorthSea

10-117

18-954

1-3141

0-4782

0-6811

2-563

0-2924

—

34-400

J

BetweenBelgiumand England.

10-206

18-168

1-1582

0-3244

0-3536

2-590

(?)"

—

32-800

Bisehof,C.Géolog.,1,99.

StraitsofDover
Somemilesfrom Havre

10-142

17-794

1-2305

0-4093

00425

2-882

0-1046

0-078

traces

32-700

FiguieretMialhe,J.Ph. f3113,406.

Mediterranean.
Marseilles.

10-688

21-099

3-0037

0-048

0-0041

5-716

(?)

0-142

—

40-700

Laurent,J.Ph.21.93.

J»

At3,500métrésfrom thecoastofCette.
11-706

20-527

1-3104

0-4411

0-2643

2-943

0-434

0-0679

0-0028

37-700

XJsiglio,A.Ch.27,92,172.

TheLagunesofVeniee
8-779

15-882

1-1646

0-1769

0-4356

2-662

(?)

—

—

29-100

Calamai,1847.

PacificOcéan.
3-5métrésbelowthe surface.

10-262

18-950

1-3151

0-4719

0-6038

2-786

0-3102

—

—

34-700

H

>>

140métrésbelowthe

Bibra,l.c.

surface.

10-233

19-321

1-4714

0-4752

0-6336

2-827

0-2394

—

—

35-200

J

Baltic

...*.
5-894

10-386

1-6115

0-0363

—

0-719

—

—

—

17-710

Pfaff,Schweigger's Journ.22,271.

BlackSea.

Coastsouthofthe Crimea.

5-512

9-574

0-6622

0-1305

0-0975

1-2505

0-005

0-2475

0-1271

17-605

Gôbel,P.Suppl.,1,

SeaofAzof

BetweenKertchand

187.

Mariapol

3-997

6-585

0-4010

0-0908

0-0670

0-8045

0-004

0-0695

0-0358

11-900

Ibid.

CaspianSea

SouthwestofPischnoï
1-144

2-737

0-4098

0-1916

0-1397

1-337

(?)

0-0773

0-0401

6-296

Ibid.

DeadSea.

Fromthesurface
0-885

17-628

4-177

2-150

0-474

0-2424

0-167

traces

traces

27-078

■

Terreil,C.B.62,1329.

»»

From300métrésbe¬

>(Wurtz,Dictionnaire

lowthesurface
14-300

174-985

41-428

17-269

4-386

0-6276

7-093

traces

traces

278-135

de
Chimie.)

TothesemaybeaddedtbefollowinganalysisofthewateroftheIrishChannelinthewinterof1870(ThorpeandMorton,S.C.I.1871,506). (ResultsofAnalysisexpressedinpartsper1,000.)
NaCl KC1 MgCl2 MgBr2

.26-48918 .-74619 .3-15083 .-07052
MgS04. MgCO.,. Mg(NÔ3)2.

.2-06608 .Trace .-00207
CaS04 CaC03 LiCl

.1-33158 .-04754 .Trace

NH4C1 FeC03 SiO,.

.-00044-1Sp.gr.at0°C.=1-02721 .-00503(„„15°C.=1-02484 .TracejTotal=33-85946
œ>

en
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952 WATER.

— I.—Thermal IL—Mariai
saline

Place Gastein Wildbad, Buxton,
Derbyshire

Bath Kissinga
Wiirttemberg Bavaff

Name of spring - Eberhards-
brunnen

St. Ann'sWell King's Spring BitterWat,

Analyst TJllik, 1864 Eehling, 1859 Muspratt Merck and
Galloway, 1848

Sodium iodide ....

„ bromide — — — — 12-75
Sulphuretted hydrogen — — — — -

Sodium sulphide — — .... — -

Calcium — — — —

.
-

Potassium chloride — —
— —

—

Ammonium „
— — — — •29

Sodium „ ... 4-28 23-54 3-43 40-61 1280-12
Lithium „ •27 — — — 1-25

Magnésium „ ...
— — 2-40 2-47 -

Calcium „
— — — —

-

Strontium „ ,
— — — —

-

Barium „
—

—

. —. —

Aluminium „ ...
— • — — —

-

Hydroehlorie acid — — — —
-

Iron, metallic .... — — — —

-

Potassium sulphate' .
1-35 1-41 •43 6-62 19-83

Sodium „ . 20*72 3-80 — — 8-19

Magnésium „ .
•11 — •11 23-86 1093-29

Calcium „ .
— — — 113-49 50-49

Strontium „ . .
— — — —

-

Barium ,,
— — — — -

Ferrous „ . . . .
— — — — -

Manganous „
— — — — -

Sulphuric acid .... — — — — -

Sodium bicarbonate .
— 15-44 -— — -

Magnésium „ •14 1-57 5-67 — -

Calcium „ .
2-81 13-84 20-34 18-94 91-23

Ferrous „ .
•07 •05 •15 2-10 -

Manganous „
— — — — -

Sodium nitrate .... — — — — -

„ borate .
—

—
— —

„ phosphate .
•09 — — — -

„ arseniate — — — -

Silica 4-96 6-25 1-49 4-25 -

Sodium silicate .... —

.

— — — -

Calcium „
— —

— — -

Lime — —
— — -

Alumina . . .
•03 •06 — — -

Carbonic anhydride .
— — —

— -

Oxygen — —
—

— -

Water — —
— — -

Organic matter .... —
• — •50 — —

34-83 65-96 34-52 212-34 25574
N.B.—The results are expressed
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WATER. 953

II.—Muriated saline (continued) III.—Alkaline

Hooiburg,
Hssen-Nassau

brunnen

Fresenius,

Salzungen,
Sachsen-

Meiningen

Salzungen Baden-Baden Bourbonne-
les-Bains

Monte Catini Castellamare
di Stabia

Yichy

•003
•32

34-63
2-19

985-79
2-16

76-27
65-05

1-68
1-78

•10

222-54
3-20

■21

2-63

Trinkquelle

Hofmann

'

3-50

8-60

1187-90

26-10
125-10

31-50

31-80

•40

Saturated
Brine

Wohler

16-10

1-00

•70

Hauptquèllé Bainromain Tintorini

3-80

34-40

25648-00

315-20

46-20

438-60

Bunsen, 1871

1398-653 1414-90 j 26504-00
in parts per 10,000 by weight.

15-43

•50

214-78

1-70

1-34

19-38

17-87
•48

•29

11-90

•11

Mialhe and
Figuier, 1849

Casanti, 1863

283-78

6-40

577-10

38-10

12-90

14-10

12-00

2-90

751-40

1189-99

34-82

21-70

19-58

87-90 187-71

57-74

•70

1512-24

Sorgente
Kuraglione

Mean of
17 springs

485-08

12-74

52-51

5-14

100-83.

19-20

675-50

51-36

28-94

5-43

•41

499-00
37-06

58-35

1-G6

5-08

■24

5-15

692-68
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954 WATER.

— III.—Alkaline (continued)

Place Mont-Dore Chaudes- Heppingen, Bilin, Salzhmn.
aigues Prussia Bohemia Silesû

Name of spring St. Bertrand Plegère Apollinaris Josephsquelle Oberbrn^

Analyst ... ' Lefort, 1862 Chevalier Bischof, Kyll, Huppert, 1875 Fresenitr
and Hohr 1882

Sodium iodide — — — —

•0005
Sodium bromide — — — —

•078
Sulphuretted hydrogen — — — —

—

Sodium sulphide — — — —

—

Calcium „ .
— — — :

—

—

Potassium chloride — — — —

Ammonium „ ...
— — — — "05

Sodium „ ... 36-85 14-39 37-65 36-43 16-32
Lithium „ . .

— — — 1-25 •94

Magnésium „ ...
— — — —

-

Calcium „ ...
—

— — —
—

Strontium „ " — — —
—

-

Barium „ ...
— — — —

—

Aluminium „ ...
— — —

—

—

Hydroehloric aeid —
— — —

-

Iron, metallic — — — —
-

Potassium sulphate .
2-96 — — 23-50 5-28

Sodium „ ...
5-18 — 21-28 71-92 45*61

Magnésium „ ...
— — — —

-

Calcium „
— — — — -

Strontium „ ...
—

— — — •42

Barium „ ...
—

— — -

Berrous ,, . .
— — — —

-

Manganous „ . ...
— — — — -

Sulphuric acid .... — — — -

Sodium bicarbonate . 56-18 86-07 135-21 478-12 217-29

Magnésium „ . . . .
17-57 2-15 57-52 26-15 47-40

Calcium „ .
34-23 6-77 37-55 59-11 43-83

Berrous „ . . . .
2-07 1-20 1-67 •38 •57

Manganous „ .
—

— — •15 *086

Sodium nitrate .... — — — — •60

„ borate .... — — — —
-

„ phosphate — — — •03 •006

„ arseniate •09 — — — -

Silica 16-54 9-93 1-37 4-34 3-07

Sodium silicate .... — — — —
-

Calcium „
— — — —

-

Lime — — — —
-

Alumina 1-12 — — •01 -

Carbonic anhydride .
— — — —

-

Oxygen — — — —
-

Water — — — —
-

Organic matter .... — •60 — —

-

Sodium fluoride.... — — — —
—

Strontium bicarbonate — — __ —
-

Barium „
— — — —

172-79 121-11 292-25 701-39 381-550)
N.B.—The results are ex pressed
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III.—Alkaline (continuée!) IY.—Sulphated

Royat,
Puy-de-Dôme

La Bourboule,
Puy-de-Dôme

Luhat-
schowitz

Nieder-Selters,
Nassau

Sedlitz,
Bohemia

Hunyadi
Janos

Friedrichshall

St. Victor Clioussy and
Perrière

Johannes-
quelle

No. 12 Bitter-water

Trucliot, 1878 Lefort and
Bonis

Perstl, 1853

55-33

121-52

3-50

296-90

20-30 18-98

5-37

162-10
64-64

101-21

5-60

9-50

195-00

4-32
19-01

•42

1-94
12-00

2-22

•97

27-90

362-83
•23

836-6G
10-94

91-40

1-70

•57

•55

5-40

■17

•10

1-32
■80

543-70 553-94 1343-76
ifl parts per 10,000 by weiglit.

Preseuins,
1863

•003

•091

2-00

•52

232-22

•36

4-35

•27
•02

125-18
30-81

44-38
•42

•07

•61

•08

2-12

•018

443-522

Steinmann Presenius,
1878

Liebig, 1847

12-76

27-22 142-41 1280-79

91-94

330-40
1691-33

79-36

•24

13-29
1966-21

1949-42

13-79

19-82

7-53
1094-70

50-49

166-27 125-37
■28

91-22

1-12

1-04

2387-80 4211-89 2557-31
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'

— IV.—Snlphated (continued)
—

Place Leamington Cheltenham Searborough Oarlsbad,
Bohemia

TaraspSeu
SntjeiïJ

Name of spring. . . ... OldWell Montpellier,
No. 7

South Wells Telsenquelle Irsiêqie.

Analyst Brown, 1862 Abel and
Bowney, 1848

Thompson Ludwig, 1879 Hasuto
18JT

Sodium iodide ....
„ bromide....

Sulphuretted hydrogen
Sodium sulphide
Calcium „

Potassium chloride
Ammonium „ ...

Sodium „ ...

Lithium „ ...

Magnésium „ ...

Calcium „ ...

Strontium „ ...

Barium „ ...

Aluminium „ ...

Hydrochloric acid
Iron, metallic ....
Potassium sulphate .

Sodium „ ...

Magnésium „ ...

Calcium „ . .

Strontium „ . .

Barium „ ...

Perrous „ ...

Manganous „ ...

Sulphuric acid ....
Sodium bicarbonate .

Magnésium „ .

Calcium „ .

Perrous „ .

Manganous „ . . . .

Sodium nitrate ....
„ borate ....
„ phosphate

671-19

101-67

30-20
348-19

•67
4-91

857-26

115-04
17-51

14-81
35-09

36-23

5-54

3201
210-17

20-51

101-31
1-33

18-03
237-82

•037

183-92
24-61
47-52

•36
•028

•36
•074

fi
1U

4-11
284-21

«

27-72
167-08

■03?

344-03
88-11

24103
1-75
«
81

24-1!
«

„ arseniate — — — — -

Silica — 3-92 — 7-07 1«

Sodium silicate — — —
—

-

Calcium „ . . . .
— — - —

-

Lime — — — —
-

Alumina
Carbonic anhydride .

Oxygen
Water

Organie matter ....

—

26-27

—

■03

f Sodium 1
< fluoride ■

l -60 J

45

-

1151-25 1075-48 304-46 623-099 llWfl

N.B.—The results are expresse!
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958 WATEB.

VI.—Sulphur

Place Eaux CliaudeSj Cauterets, Aix-les-Bains Aix-la-Chapelle Schinznacv
Pyreneee Pyrenees Switzerlatj

"Naine of spring Source Source de Sulphur Kaiser-quelle Sulphur
Baudot César spring spring

Analyst Filholj 1852 Filhol and Bonjean, 1838 Liebig- Grandes
Eereil Monlieim, 1851 1865

Sodium iodide .... _ •05 __

„ bromide — — •36 -

Sulphuretted hydrogen — 4-14 — 5-58
Sodium sulphide •87 2-27 — 1-36 *87
Calcium „ .

— — —
— —

Potassium chloride — —
— — —

Ammonium „
— — —

— —

Sodium „ ... 11-50 1-78 2-90 261-16 57-20
Lithium „ ...

— — — •33 -

Magnésium „ . .
— — — — 6-51

Calcium „ ...
— — —

— —

Strontium „ ...
— — — — -

Barium „ ...
— — — — -

Aluminium „ ...
— —

_

— — -

Hydrochloric acid — —
— — -

Iron, metallie .... — — —
— —

Potassium sulphate .
— —

— 15-27 10-05
Sodium „ ... 8-89 •79 6-62 28-34 -

Magnésium „ ...
— •008 9-38 — 8-83

Calcium „ . ...
5-81 — 9*42 — 91-18

Strontium „ ...
— — — •025 -

Barium „ ...
— — — — -

Ferrous „ ...
— —

— — -

Manganous „ ...
—

— — — -

|
Sulphuric acid .... — — ■

— — -

Sodium bicarbonate .

—
— — 91-86 -

Magnésium „
— —

— 7-71 -

Calcium „ . . . .
5-36 — 18-39 22-74 56-57

Ferrous „ . . . .
—

— 1-23 1-31 1*33
Manganous „

— — —
— -

Sodium nitrate .... — —
— — -

„ borate .... — — — — -

„ phosphate — — •33 — -

„ arseniate — •— — — -

Silica •26 — •50 6-61 l'IO
Sodium silicate .... — 6-57 — — -

Calcium „ . . . .
— 4-51 — — -

f Sodium 1
Lime ...... J

—

ï thiosulphate l _

i
— -

1 •20 J
Alumina — 1-75 — KO

f Ferrous "1
Carhonic anhydride .

- { sulphide
•004

l _

I
— -

Oxygen
J

— -

Water — — — -

Organic matter .... — 4-50 1-20 7-69 -

32-69 20-632 55-86 444-815 2#:i

N.B.—The results are ex Dressed
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960 WATER.

Thus in the vicinity of the pôles the proportion
of sait is less than near the equator ; similarly,
land-locked seas, sueh as the Black Sea and
Baltie, which receive large rivers are less sait ;
whilst the Mediterranean in most places is more
sait than the great océans. Of sait lakes, the
Dead Sea is far more, and the Caspian far
less, sait than the océans. In addition to
chloride of sodium, the principal substances
présent in sea water are the sulphates and car¬
bonates of lime and magnesia, and salts of
potassium, whilst in very minute quantities
there are found also a number of others, amongst
which may be mentioned bromides, iodides, and
fiuorides, silicic, phosphoric, and nitric acids,
iron, silver, copper, lead, arsenic, zinc, cobalt,
nickel, lithium, rubidium, and caesium (Forch-
hammer, Phil. Trans. 155,203 ; Voelcker, Chern.
Gaz. 8, 346 ; Malaguti, Durocher and Sarzeau,
A. Ch. [3] 28, 122 ; Daubrée, C. B. 27, 827 ;
Field, Chem. Gaz. 1857, 93 ; Hunter, C. J. 8,16,
144).

For analyses of the waters of the Baltic,
Bed Sea, and espeeially of the Dead Sea v.
J. 1866, 985-987.

The volume of gas dissolved in sea water is,
according to Hunter (C. J. 1870, 20), very small
—only from 2-2-3-5 vols, of gas in 100 vols, of
water. The

C02 O N
Per cent. Per cent. Per cent.

2-2 vols, consisted of . 28'62 49-44 21-94
3-5 „ „ . 48-28 17-22 34-50

(K Jaeobsen, D. P. J. 1877, 223, 330).
A very extensive investigation of the compo¬

sition of sea water was made in connection with
the voyage of H.M.S. Challenger, and the elabo-
rate report prepared thereon by Dittmar (Report
on the Composition of Océan Water, 1884)
should be consulted for detailed information on

this subject. From 77 complété analyses, the
following numbers for the average composition
of ocean-water salts are calculated :

Average composition of ocean-water salts, in parts
ttmar).per 100 of total salts (D

Chlorine
Bromine .

Sulphuric acid (S03) .
Carbonic acid (C02) .
Lime (CaO)
Magnesia (MgO)
Potash (KjO)
Soda (Na20)
(Basic oxygen équivalent to the halo-

55-292
•1884

6-410
•152

1-676
6-209
1-332

41-234

.(-12-493)

100-000

As regards the salinity of the océan, this was
found to vary, expressed in parts of total salts
per 1,000 parts of sea water, between the fol¬
lowing limits: Minimum (from the southern
part of the Indiàn Océan, south of 66° lat.),
33-01 ; maximum (from the middle of the North
Atlantic, at about 23° lat.), 37-37.

As regards the carbonic acid in sea water,
Dittmar cornes to the following conclusions:
(1) Free carbonic acid in sea water is the
exception ; as a rule, the carbonic acid is less
than the proportion corresponding to bicarbonate.

(2) In surface waters the proportion of carbonic
acid inereases when the température falls, and
vice versd. (3) Within equal ranges of tem¬
pérature it seems to be lower in the surface
water of the Pacifie than it is in the surface
water of the Atlantic Océan.

For the bacteriology of sea water (the number
of micro-organisms in sea water at a distance
from land is very small) see p. 992.

Drinking water. It is in its capacity as a
beverage that water is of most général impor¬
tance and interest, and more and more attention
is annually given to the careful sélection of
water for this purpose. As has long been known,
the palate is by no means a safe guide in such
choice, for although unpalatable waters
obviously unsuitable for drinking,
waters may contain materials capable of i
most serious injury. The guidance of the palate
leads to waters which are highly impregnatel
either with organic or inorganio ingrédients
being discarded ; but as almost infinitesimally
small proportions of certain forms of organic
matter are capable of producing the most serions
effects, it follows that the négative indications
of taste require supplementing. It is now
established beyond question that the diseases
known as 'zymotic ' are due to minute forms of
life known as micro-organisms, and in a number
of cases the spécifie forms responsible for such
diseases have been discovered, identified, and
carefully studied (v. Fermentation). Of zjmo-
tic diseases there are only two—Asiatic Choiera,
and Typhoid Fever—which are with certainty
known to be frequently propagated by drinking
water, and in the case of these two diseases
authorities are almost fully agreed as to the
particular organisme to which they are dne
(v. Examination of drinking water). The pro¬
pagation unquestionably takes place through
the excreta of persons suffering from these
diseases gaining access to water which is after-
wards used for drinking, whilst water contami-
nated with the sewage of healthy persons is
generally believed to be capable of producing
diarrhœa and other minor disturbances in those
drinking it.1

It is thus obvious that the presence of even
minute quantities of sewage matters in drinking
water must be viewed with the gravest suspicion,
whilst much larger proportions of vegetable
matter may be regarded as harmless ; indeed,
waters containing much vegetable matter (which
may give rise to diarrhœa) will generally bt
avoided in conséquence of their unpalatabilitr
and generally brown eolour. In selecting water
for drinking purposes it is necessary, therefore,
in the first instance, to make a careful inqniry
as to the possibility of the water having been in
contact with refuse animal matters, and if pos¬
sible ail waters open to such suspicion should
be discarded. For the same reason it is of the
first importance in the examination of water to

1 It has, indeed, been recently asserted (Arloing, Internat
Congress of Hygiene, Loudon, 1891) that a bacillos, baeii-
lus coli communis, which is normally présent in heattbj
farces, may become converted, under suitable conditions,
into the true exciting cause of typhoid ; such a metanje-
phosis would serve to explain the sudden appearaiitt o'
typhoid in places where no infection from a previona
typhoid patient can be traced. The assertion cannot te
regarded, however, as adequately proved.
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ZTjplandSurfaceWaterSzcppHea.
(ItesultsofAnalysisexpressedinpartsper100,000.)

Description

Total

Organic carbon

Organic

Am-

Nitrogen as

Total com-

Chlorinfi

Hardness

Remarks

solid matters

nitro- gen

monia

nitrates and nitrites

bined nitro¬ gen

Tem- porary

Perma¬ nent

Total

TheVyrnwy,June14,1867....
3-73

•218

•005

•003

•011

•018

•74

•3

1-1

1-4

Clearandeolourless.(Future supplytoLiverpool.)

ThirlmereLake,May13,1867....
2-66

•194

•004

•003

•002

•008

•52

0

•7

•7

Clearandeolourless.(Future supplytoManchester.)

LochKatrineWater,Nov.16,1891
2-80

•149

•025

0

■004

•029

■72

—

—

•6

Slightlyturbid.(Glasgowwater supply.)

Boltonwatersupply(Entwistleréservoir).
9-37

•297

•018

■024

•010

•048

1-19

•1

50

5-1

Slightlyturbid.

Manchesterwatersupply,May9,1874
7-00

•132

•031

•003

0

•033

•90

0

2-7

2-7

Turbid.

Leedswatersupply,Sep.29,1869
1500

•258

•025

0

0

•025

1-30

1-8

6-5

8-3

Clear.

Bradfordwatersupply,Oct.6,1869
10-10

•582

•079

■004

0

•082

1-02

•9

5-5

6-4

Veryturbid.(Highlevelservice.)

>>»>>>J»...
13-20

■396

•036

•003

•026

•064

113

•8

6-3

7-1

Turbid.(Lowlevelservice.)

Sheffieldwatersupply,Dec.20,1872.
8-36

•356

•057

•001

•032

•090

•85

0

4-4

4-4

Turbid.

EdinburghwaterfromCrawleyBurn,Sep.22,1868
11-28'

•187

•031

■001

0

•032

104

•7

5-4

6-1

Clear.

Newcastlewatersupply,Sep.16,1868
23-40

•237

•062

0

0

•062

1-59

5-8

8-1

13-9

Clear.

Durhamwatersupply,Oct.5,1870.
54-50

•082

•020

0

•041

•061

4-85

11-6

13-4

25-0

Slightlyturbid.

Kilmarnockwatersupply,April7,1870
12-44

•508

•032

0

■028

•060

1-10

10

7-6

8-6

Clear.

Chesterwatersupply,May19,1873.
16-84

•219

•043

0

0

•043

2-00

5-0

5-7

10-7

Turbid.

Wakefieldwatersupply,April15,1892
6-20

•075

•010

0-36

Traces

■040

1-05

•8

2-2

30

Turbid.

Carlislewatersupply,Sep.23,1868.
13-10

•233

•037

■001

0

•038

•99

3-5

5-2

8-7

Gloucesterwatersupply,March18,1870
24-82

•375

•042

0

•026

•068

1-52

16-0

3-6

19-6

Turbid.

Prestonwatersupply,July31,1868
12-44

•236

•031

•006

0

•036

1-59

3-7

5-3

9-0

Slightlyturbid.

Darwenwatersupply,Dec.1887....
7-80

•158

•028

•002

0

•030

1-10

0

3-5

3-5

(Highlevelservice.)

»>»>JJ>>»J...
13-40

•248

•030

•004

•065

•041

1-10

0

7:1

7-1

(Lowlevelservice.)
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962 WATER.

discover what evidenoe, if any, there is of the
water having been in contact with such refuse
substances. In the présent state of our know-
ledge this is a very difficult matter, as, although
the results of a careful chemical analysis fre-
quently point to such contamination when on a
sufficiently large scale, on the other hand it is
generally impossible to prove the négative ; nor
does the bacteriological examination, so useful
in many other respects, help us materially in
this case. It beeomes, therefore, of the greater
importance to make a thorough inspection of the
source and to trace out the further history of the
water, a matter which is too frequently neglected
in praetiee, for unless this be done the results
of the scientific examination may often receive
an erroneous interprétation. As, however, it is
comparatively rarely that natural waters are to
be met with which are absolutely above sus¬
picion of any contamination with refuse animal
matters, it is generally necessary to be satisfied
with relative purity, and thus the examination,
chemical and biological, of diinking waters
beeomes a matter of the very highest importance
and utility. The natural waters which can lay
claini to the greatest degree of safety for drinking
purposes are of two distinct kinds.

1. Unpolluted surface waters (generally up-
land waters).

2. Naturally filtered waters (spring and deep
well waters).

In the first case the waters, both by inspec¬
tion and analysis, must bear no evidence of
animal contamination, and this is generally only
possible in the case of waters which are found
at altitudes above that of human habitations.
A number of our large towns are supplied with
water of this kind, although the gathering-
grounds do in most cases contain some houses,
so that absolute freedom from sewage con¬
tamination cannot generally be guaranteed. In
the table on p. 961 the chemical composition of
some of these upland surface water supplies is
recorded.

The majority of these upland surface waters
are either very soft or of only very moderate
hardness, and as in many of these towns exten-
sive manufactures are carried on, these supplies
are not only valued because of their safety for
drinking, but also on account of their fitness for
industrial purposes. It should always be re-
membered, however, that these surface waters
may at times receive more or less sewage con¬
tamination, and that the ova of animal parasites
derived from the cattle grazing on the gathering-
grounds may also be présent, and that, therefore,
to reduce these sources of danger to a minimum,
it is highly désirable that such waters should be
carefully filtered through sand before delivery.
This is, unfortunately, only done in compara¬
tively few cases.

In the second class of water its original
purity is a matter of secondary conséquence,
the guarantee of safety resting upon the ex¬
haustive process of filtration which the water
has undergone in passing through porous strata
of the earth's crust. This filtration effects, on
the one hand, the more or less complété chemical
purification of the water from organic substances,
and on the other hand the meehanical removal
of organised matters, such as bacteria and animal

parasites. The most perfectly-filtered waters of
this kind are those obtained from springs and
from deep wells, and, again, many of our towns
are supplied with water of this kind—more
especially from the chalk, greensand, Oolite,
and New Red Sandstone formations, which con-
stitute vast filter beds of marvellous efficiency.
In the table on page 963 is recorded the chemical
composition of the water supplied to some of
our towns from such sources.

Of other forms of drinking water we hâve
river waters and shallow-well waters, upon both
of which a very large portion of the population
is dépendent for domestic supply. Both of
these classes of water are open to grave objec¬
tions, and nearly ail the best-authenticated cases
of the propagation of choiera and typhoid
through drinking water have been those in which
the latter was obtained from shallow wells. It
will be readily understood that the danger in the
case of both these classes of water lies in the
facility with which sewage matters can gain
access to them, rivers passing, as they do,
through populated districts and receiving directly
or indireetly the drainage of. the entire basin,
whilst shallow wells are generally sunk in the
immédiate vicinity of human habitations, where
the soil is frequently saturated with animal
refuse, the latter often finding its way intothese
wells without meeting with any formidable
obstacle. Indeed, until the information gained
upon recent bacteriological research was to hand,
it was only surprising that the mischief cause!
by these classes of water was not more fréquent,
We now know (v. Baderiology of water) that
there are many potent influences tending to re-
move bacteria from water which, on a priori
reasoning, wonld have heen regarded as almost,
if not wholly, inoperative. These causes are
mainly the process of précipitation going on in
the flow of a river, and the résistance offered by
even a comparatively small thickness of soil or
other porous material to the passage of micro-
organisms. But although these causes are lo
he looked upon as highly fortunate, and tending
to keep the evils which can resuit from con-
taminated drinking water witkin narrowerlimiti
than might have been anticipated, still the pos-
sibility of their failure must be constantly kept
in view, and they must not for a moment 1«
allowed to cheek the endeavour to substitnte
unimpeachable for suspicious sources of supply,
which endeavour has been one of the most
conspicuous features of both ancient and modem
sanitary reform.

Where such suspicious sources of supply an
actually in use it beeomes, of course, of the
highest importance to bring ail the resources of
modem science to bear upon the question,
Every effort must be made to exelude ail avoid-
able sources of contamination, to select the bel
water only which the source affords, and to sut-
mit the latter to the most effective purification
which is available. The improvements which
can thus be brought about in water supplies
obtained from suspicious sources is most con-
spicuously exemplified in the case of the London
supply derived from the rivers Thames and Lu
Here, on the one hand, increasing vigilance bis
been exercised by the Thames and Lea Con-
servancy Boards in the exclusion of dangerous
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\VccterÈlujpjpZicafrom;£>eejpWellscttbdSjp7~iiig$. (ItusultsofAnulyttisexpressedinpartsper100,000.)
Descriptionofwatersupply

Total solid matters

Organic carbon

Organic nitro- gen

Am- monia

Nitrogen as nitrates and nitrites

Total com- bined nitro- gen

Clilorine

Tem¬
porary

ETardness Perma¬ nent

Total

Remarks

JJcc]}wells.

Accrington,fromcoal-pit,June11,1869

33-12

•045

•017

0

•012

•029

1-40

7-7

2-2

9-9

Clear.

Sunderland(magnesianlimestone),Sep.16,1868
44-18

•035

•030

0

•416

■446

4-17

•8

13-9

14-7

Clear.

Nottingliam(NewEedSandstone),March1,1869
26-04

•027

•007

•002

•817

•826

1-50

14-9

11-3

26-2

Clear.

St.Helens„May23,1868
21-66

0

0

0

•436

•436

1-94

5-9

6-8

12-7

Clear.

Northarupton(Lias),May11,1808

57-76

•168

•024

•003

0

•026

5-15

8-6

1-7

10-3

Clear.

Scarborougli(Oolite),Dec.9,1873

41-90

•054

•011

0

•539

•550

3-40

12-1

9-1

21-2

Clear.

Eastbourne(greensand),Feb.22,1873

43-12

•058

•010

•004

•130

•143

10-00

13-8

7-1

20-9

Slightlyturbid.

Folkestone„August9,1873

41-14

•091

•021

•004

0

•024

4-20

24-6

7-0

31-6

Clear.

Brighton(chalk),Jan.18,1873

30-24

•048

•009

0

•644

•653

3-10

14-8

6-4

21-2

Clear.

BurySt.Edmunds(ebalk),Nov.17,1871
3900

•089

•020

0

•481.

■501

2-15

22-6

7-4

30-0

Clear.

Dover(chalk),March1,1873

29-60

•034

•008

•001

•452

•461

2-60

18-6

5-0

23-6

Clear.

Hull(chalk),Jan.11,1873

31-66

•032

•012

0

•406

•418

1-95

21-3

4-7

26-0

Clear.

Ipswich(chalk),Nov.30,1874

48-60

•064

•017

•002

•943

•962

3-90

23-7

12-3

36-0

Clear.

London(KentCompany'swater),(chalk),April20,1891
38-80

•069

•016

0

•329

•345

2-30

22-1

7-1

29-2

Clear.

Braintree(chalkbelowLondonclay),April3,1873
106-70

•068

•033

■094

0

•110

38-80

8-7

5-0

13-7

Clear.

Springs.

Plymouth(granitéandgneiss),June10,1871....
3-50

•050

•019

0

0

•019

1-30

0

2-1

2-1

Turbid.

Melrose(Silurian),April5,1870

14-50

•013

•002

0

•077

•079

1-32

4-5

6-2

10-7

Clear.

Jedburgh(OldBedSandstone),March31,1870....
21-94

•021

•003

0

•124

•127

1-30

12-7

6-9

19-6

Clear.

Totnes(mountainlimestone),Sept.30,1872....
22-14

•019

•003

0

•245

•248

2-05

8-1

9-1

17-2

Clear.

Cheltenham(NewBedSandstone),May31,1873
21-22

•123

•036

0

•305

•341

1-35

91

6-0

15-1

Slightlyturbid.
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inatters from the rivers and their tributaries,
whilst on the other hand the water companies
have removed their intakes to points on these
streams above the most serious pollutions, by
inereasing their storage oapaoity they are en-
abled to avoid drawing from the rivers in times
of flood, and by improving their filtering appli-
anoes they secure a more pevfeet purification of
the water which they have abstracted. By these
combined exertions the water supplied to London
to-day is both chemically and hygienically a
very différent thing from what it was forty years
ago, although still derived from the same streams,
which in the ordinary course of events would be
more polluted now than they were then.

Importance to be attributed to various in¬
grédients of drinking water. It is only possible
here to give a very brief account of the import¬
ance which is usually attributed to the several

The large proportion of dissolved carbonic
anhydride in the Thames and deep chalk well
water is mainly combined with calcium carbon¬
ate as bicarbonate.

Total solid residue. It is only rarely that
the amount of the residue left by a water on
evaporation affords any evidence of its fitness
for drinking. As a général rule, it may be stated
that waters which contain very small residues
are probably pure and unpolluted, but on the
other hand many waters of the highest organic
purity contain large proportions of minerai
matter in solution (v. analysis of spring and
deep well waters). It is impossible to assign
any limits to the proportiçn of minerai matter
which may be présent in water without inter-
fering with its fitness for drinking, more espe-
cially as opinion is very divided as to the
influence of the several constituents of this
minerai matter on health. Thus it has been
contended that the presence of lime and mag-
nesia salts in drinking water is very désirable
as affording the neeessary éléments for bone-
formation, whilst by others the presence of these
materials is regarded as of no conséquence,
whilst others again view their presence in more
than very moderate proportions as liable to give
rise to calculus and other concrétions ; whilst
the continuous use of a magnesian water is
often supposed to be productive of goitre and
cretinism (v. Hardness of water). Suffice it to
say here that nearly ail the best drinking
waters in the United Kingdom yield less than
50 parts of solid residue per 100,000, and most
of them very considerably less (v. analyses
above). The use of waters yielding much larger
residues is generally excluded on other than
hygienic grounds, viz. the great inconvenience
which attends the employment of such waters

ingrédients which are commonly determined in
the analysis of drinking waters.

Dissolved gases. The gases présent in ordi¬
nary drinking waters are those of the atmo¬
sphère— oxygen,nitrogen,and carbonic anhydride.
Their quantitative détermination is rarely made,
as they are of little or no significance in connec¬
tion with the quality of the water for clrinting.
excepting that through the absence of dissolved
gases a water has the flat taste of that which
has been recently boiled. It is sometimes sup-
posed that the absence of a due proportion of
dissolved oxygen in water is an indication of the
presence of decomposing organic substances,but
this can only be the case with surface waters, as
the very purest subterranean waters are almost
entirely destitute of it. In the following table
the proportion of the several dissolved gases in
différent kinds of water is recorded

for général domestic purposes, in conséquence
of their unfitness for boilers and washing.

Organic matter. As will be pointed oui
(under Water analysis), the accurate détermina¬
tion of the organic matter in water is attende!
with insurmountable difficultés, and none of
the methods of analysis in use claim to effect
more than a partial détermination, or tothrw
indirect light upon its amount. Thus in the
' combustion proeess ' the organic carbon and
nitrogen are determined with more or less ac-
curacy, in the alkaline permanganate procès;
that portion of the organic nitrogen is discovered
which is readily convertible into ammonis,
whilst in the ' permanganate ' or ' oxygen1 proeess
the proportion of permanganate destroyei b;
the organic matter is taken into account. Al¬
though it may be generally stated that the
smaller the proportion of organic matter the
more désirable is the water for drinking, still of
greater importance is the détermination of tire
origin of the organic matter présent, whether
animal or vegetable. As already pointed oui.
the presence of vegetable matter is of compara-
tively little conséquence, more espeeiallyaseven
small amounts interfère with the palatabilitj
of the water, what is known as a ' peaty taste'
being imparted by any amount yielding muchi»
excess of -2 part per 100,000 of organic carbon.
Sometimes much light may be thrown on the
origin of the organic matter in water by the
proportion which the carbon and nitrogen ei-
hibit towards each other, especially when thi-
is considered in connection with the proportion;
of ammonia, nitrates, nitrites, and chlorine.
Inasmuch as animal in général contains a much
higher proportion of nitrogen to carbon than
does vegetable matter, it follows that the higher
the ratio of nitrogen to carbon in the organic

Gases dissolved in 100 cubic inclies
of water

Rain-water
Cumberlaud

mountain
water

Locli Katrine
water

Thames water Deep elislt
well water

Nitrogen
Oxygen
Carbonic acid

cubic inches
1-308

•637
•128

cubic inclies
1-424

•726
•281

cubic inclies
1-731

•704
•113

cubic inclies
1-325

•588
4-021

cubic inclies
1-944

•028
5-520

2-073 2-431 2-548 5-934 7-492
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natter présent in a sample of rvater. the more
probability is there, cœteris paribus, of its belng
deriyed from animal sources and vice versâ.
The possibility of sucli diagnosis, however, is
considerably limited through the observed fact
that in tbe oxidation of peaty matter the organic
carbon disappears much more rapidly than the
nitrogen ; whiist, on the other hand, in the
csidation of animal matter there is conversely
a teDdency for the organic carbon to become
concentrated, thus leading to a simulation of
animal matter in the case of vegetable, and a
simulation of vegetable matter in the case of
animal substances after oxidation. These phe-
nomena are illustrated by the following figures
taken from the Sixth Report of the Rivers Pollu¬
tion Commission, pp. 6-10 :—
Proportion of carbon to nitrogen in peat 11*4 : 1
Proportion of organic carbon to organic

nitrogen in unoxidised peaty matter
contained in upland surface water . 11*9 : 1

Ditto after exposure to atmospheric
oxidation in lakes or large réservoirs. 5'9 : 1

Proportion of organic carbon to organic
nitrogen in spring water containing
peaty matter 3-3:1

Proportion of carbon to nitrogen in
animal organic matter dissolved in
water
Fresh urine -99 : 1
Average of fresh sewage from sixteen

water-closet towns . . . 2-1:1
Average of fresh sewage from fifteen

midden towns . . . . 2-1:1
Urine preserved for twenty-four days

without oxidation. . . . 1-6:1
Proportion of carbon to nitrogen in

the animal matter contained in
polluted shallow wells . . . 3-1:1
Still more misleading is the proportion in

the case of sewage whieh has been submitted to
downward filtration through soil. Thus :—
Average of twelve samples of sew¬

age before filtration . . . C : N = 1-8 : 1
Ditto after filtration through

quartz sand . . . .„=7-7:1
Ditto after filtration through sand

andchalk =6-9 : 1
Ditto after treatment on Bedding-

ton sewage-farm . . . „ =6-5 : 1
It is thus essential that the evidence afforded

by the proportion of organic carbon to nitrogen
sbould be supplemented by an inspection of the
source, and by a considération of the minerai
nitrogenous ingrédients—ammonia, nitrates, and
nitrites—ail of whieh are principally derived
from the décomposition of animal matters.

It has often been attempted to classify waters
according to the proportions of organic elements
whieh they yield on analysis. Such classifica¬
tions are, however, fraught with great danger if
rigidly applied, and are only here introduced as
giving some kind of indication of the quantifies
ordinarily met with in potable waters :

I. Upland Surface Water.
Class I. Water of great organic purity, in whieh

the sum of organic carbon and nitrogen do
not exceed -2 part per 100,000.

Class II. Water of médium purity, in wliich
these elements lie between -2 and -4 part.

Class III. Water of doubtful purity, in whieh
they lie between -4 and -6.

Class IV. Impure water, in whieh they exceed
•6 part.
II. Water other than Upland Surface.

Class I. Water of great organic purity, in whieh
they do not exceed -1.

Class II. Water of médium purity, in whieh
they lie between -1 and -2.

Class III. Water of doubtful purity, in whicli
they lie between -2 and -4.

Class IV. Impure water, in whieh they ex¬
ceed -4.

A Ibuminoid ammonia. The ammonia yielded
on distillation with alkaline permanganate is
so frequently made the only measure of the
organic matter présent in water that a few
words are necessary to indicate what is the im¬
portance to be attached to the results obtained
in this simple process. According to the most
reeent statements of its author, Mr. Wanklyn,
' deep spring water is often so pure as not to yield
■01 part of albuminoid ammonia per million ; and
unless mixed with surface water does not yield
so much as -05 part.' ' The filtered water sup-
plied by water companies—no matter whether
derived from a lake, from clean mountain streams,
or from defiled rivers—yields from "05 to -10
parts of albuminoid ammonia per million ; and,
indeed, if the filtration be efficient, approximates

i to -05.' ' When the filters are over-taxed, as

happens in the rainy season and in the winter,
water companies supply imperfectly-filtered
water, in whieh as much as from -10 to -20 part
of albuminoid ammonia is found.' This state-
ment rnust be accepted with great reserve, for
in the winter months such surface waters almost
invariably contain a much larger proportion of
organic matter than during the dry season, thus
aceounting for the increase in albuminoid am¬
monia quite irrespective of any over-taxing of
the filters. The following figures actually ob¬
tained by Mr. Wanklyn will serve to illustrate
the kind of results to be expected :

Deep Well Waters.
Parts per million

Ammonia

Caterham water
Cold Harbour, Dorking
Frome, Somerset .

Kirby Lonsdale
Chatham
Henley-on-Thames .

Pree Albuminoid
•04
•01
•00
•01
•03
•02

•00
•00
•02
•03
•03
•02

Kent Company, London . -01 -02
Upland Surface Water.

Manchester water . . -01 *06
Edinburgh „ . . "00 "07
Glasgow „ . . -00 -08
London Water.—Filtered Hiver Water.

West Middlesex Co. (July,
1867) . . . . -01 -07

Grand Junction Co. (July,
1867) . . . . -01 -08

Ditto (Dec. 1867) . . -00 -16
New River Co. (July 1867) '01 -05
Chester Water (River Dee) -00 -07
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Contaminated Watcrs.
Parts per million

Ammonia

Free Albuminoid
Thames above Hampton

Court, unfiltered .

Thames atLondonBridge,
high tide

Pump in Bishopsgate St.,
London

Pump in Edinburgh
Well at Eton .

Efifiuent from sewage
(Water Analysis, J. A. Wanklyn, 1889).
Èor remarks as to the quantitative value o£

albuminoid ammonia process, v. p. 988.

■04 •28

1-02 •59

7-50 •25
•21 •29
•00 •84

16-20 •90

Oxygen or permanganate process. The
analytical value o£ measuring the proportion d
organic matter in water by the amount of per¬
manganate it is capable of decolourising is fe.
cussed in the section of this article on Waltr
analysis, and it will be sufficient heve to give
sorne idea of how the results are to teinte,
preted. As in the case of the organic element
determined by combustion, it bas here again
been attempted to establish a scale of classifica¬
tion, which, however, must also be usedmth
the greatest caution and in conjunction withthe
other analytical data, as well as with regard ta
the water's source and history. Thus the
following artificial standards have been si»,
gested :—

Oxygen absorbed in tkree hours from permanganate of
potash by 100,000 parts of water

For Upland Surface "Water For other Water

Class I. Water of great organic purity.
„ II. „ ,, médium
„ III. ,, ,, doubtful
„ IV. Impure water

0-1 part
•1--3 „

•3--4 „

above -4 „

0--05 part
•05-15 „

■15-2 „

above -2 „

It will be readily understood that a great
drawback to this permanganate process consists
in its not distinguishing between nitrogenous
and non-nitrogenous organic matter. Henee it is
very désirable that, if the combustion process
cannot be resorted to, it should be supplemented
by a détermination of the ' albuminoid am¬
monia.'

Minerai nitrogen (ammonia, nitrates, and
nitrites). The importance of these ingrédients
is an entirely indirect one. In themselves they
in no way influence the wholesomeness of drink-
ing water ; but, on the other hand, they are of
the greatest conséquence in indicating what the
previous history of the water has been. Thus,
in the ordinary process of décomposition to
which organic matters are subjected in nature,
the nitrogen is principally liberated in the form
of ammonia, and this, by subséquent fermenta-
tive oxidation (v. Fekhentation and Nitrifi-
cation), may become converted into nitrites and
nitrates. Moreover, owing to the far greater
average riclrness in nitrogen of animal over
vegetable matters, it is évident that these pri-
mary and seeondary products of décomposition
furnish the most valuable evidence as to the
previous contact of water with nitrogenous, and
more especially animal, substances. As a général
rule, moreover, the presence of ammonia indi-
cates a more recent contact with such matters
than does that of nitrates or nitrites, although
in the case of some deep subterranean waters
(v. analyses of deep well waters from the chalk
beneath the London clay) it appears that the
nitrates originally présent in the water have
undergone réduction to ammonia, and hence the
latter in such cases must be regarded as evidence
of a more remote charaeter even than the ni¬
trates themselves. Again, in the ordinary course
of nitriflcation in nature the ammonia is wholly
converted into nitrate, the preliminary oxidation
to nitrite being rapidly passed over ; but if water
containing nitrates is brought in contact with

organic matter, these nitrates become more or
less reduced to nitrites through the agency of
certain micro-organisms (P. E. Franlthni,
C. J. 1888, 373 ; Warington, ibid. 742), mi
hence the presence of nitrites generally cou-
stitutes evidence of contamination with organic
matter subséquent to the original nitriflcation,
rather than to the latter having been imperfect.
The fact must also not be lost sight of tint
nitrates can be reduced by certain microbes in
the presence of organic matter with élimination
of the nitric nitrogen in the free state, or as
oxides of nitrogen, and that a contaminationo!
the nitrified water may thus lead to the more or
less complété removal of the minerai nitrogen.
The absence of nitrates may thus, under some
circumstanees, actually indicate contact with
animal matter instead of freedom from the same

(Munro, G. J. 1886, 632).
It must also be remembered that, in the case

of surface waters, the minerai nitrogen ma;
undergo removal through being taken up as iool
by plant-life présent in them, and thus the evi¬
dence of previous contact with animal mate
be destroyed.

As the hygienic significance of contact with
animal matters- consists in the possibility of the
ingress of pathogenic microbes (which maj il
any time be présent in sewage and similar
animal refuse), it is obvious that the evidence
of such previous contact which is afforded b;
the presence of minerai nitrogen in any excessive
proportion must be viewed as serious, if the his¬
tory of the water furnishes no guarantee that
any such organised poisons which may have
gained access would have been subsequently
removed, whilst the evidence is of far less con¬
séquence, or may indeed become entirely negligi-
ble, if in the subséquent history of the water
it has undergone processes of purification which
practically preclude the possibility of such
poisons being still présent. Until the recent
application of bacteriology to questions of
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water supply, it was not possible to ascertain
the efficiency o£ processes of water purification
in this respect. But we now know that the
exhaustive filtration through porous strata
which spring and deep well water bas undergone
practically guarantees the removal of auy micro-
organisms which may have been originally
présent ; in the case o£ river and shallow well
waters, on the other hand, the chance of sueh
removal is very much less, and hence in such
waters the evidence afîorded by minerai nitrogen
of previous contact with animal raatters must
be viewed with great suspicion, whilst in the
spring and deep well waters it need excite little
alarm, and may often be disregarded altogether
(«. analyses).

Chlorine. This element is invariably in a
state of combination—generally as sodium chlor-
ide, and hence quite innocuous. Its détermi¬
nation in potable water, however, is of great
importance as often affording valuable informa¬
tion as to whether the water bas been in contact
with refuse animal matters or not. In this re¬

spect it is often more useful than the minerai
nitrogen, as, once présent in water, it cannot by
anynatural processes be removed. Its diagnostic
value is due to the faet that human urine con-

tains 500 parts of chlorine, or 821 parts of
common sait, in 100,000 parts. It is, of course,
inapplicable in the vicinity of the sea and of
natural sait deposits. In British waters free
from animal pollution the average proportion of
chlorine may be taken as 1 part per 100,000 ;
but it is subject to very great variations. The
following figures will serve to illustrate this
point :

Bain-water.
Chlorine.
Parts per

100,000
London (average of samples collected

in 1869) -12
Birkenhead (Liverpool) .... -31
Scotland (inland country places) . . -33
England (inland country places) . . '39
Manchester (average of 1869 and 1870) . "57
Scotch towns (Glasgow not included) . '57
Newcastle-on-Tyne .... '79
English towns "85
Glasgow "87
St. Helens -93

Liverpool '99
Scotland (west coast country places) . 1-19
Scotland (east coast country places) . 1-26
Ituncorn 2-50
Ireland (Yalentia) ..... 4'73
England (Land's End) .... 21-80
India (Ootacamund) .... -04

TJnpollutcd upland surface water.
Devonshire (10 samples) :

Maximum 2-10
Minimum 1-20

Average 1-53
Midland districts of England (29 samples) :

Maximum 1-52
Minimum -57
Average -99

West coast of England (43 samples) :
Maximum 2-00
Minimum ...... -52
Average 1-12

Chlorine.
Parts per

100,000
North-east coast of England (13 samples) :

Maximum 1-59
Minimum -65
Average 1-04

Western side of Scotland (23 samples) :
Maximum 1-52
Minimum -70
Average 1-11

Eastern side of Scotland (40 samples) :
Maximum 1-40
Minimum ...... -35

Average -84
Rhine at Sehaffhausen .... -20
Lake Zug (Switzerland) .... -27
Lake Ziirich (Switzerland) ... -17
Sewage from midden towns (20 samples) :

Maximum ...... 21-50
Minimum 6-50
Average 11-54

Sewage from water-closet towus (36 samples) :
Maximum 21-50
Minimum 4-00

Average ...... 10-66
Drainage from fields dressed with farmyard

manure and niglitsoil (17 samples) :
Maximum 3-35
Minimum -60

Average . . . . . 1-54
There are, however, many other refuse liquids

besides sewage which contain large quantifies
of chlorine. Thus the effluents from dye and
bleach-works, tanneries, paper-mills, alkali-
works, and especially tin-plate and galvanising
works, are often very rich in this element, the
proportion being often far in excess of anything
ever found in sewage (Rivers Pollut. Commiss.
6th Rep. pp. 18-21).

In America recently great attention has been
bestowed on the proportion of chlorine présent
in unpolluted water at différent distances from
the sea-board. The points at which sueh waters
exhibit the same amount of chlorine are joined
by lines termed ' isochlors,' and these isochlors
are found to be roughly parallel to the eoast-
line. Any water submitted for examination is
then remanded for further inquiries if it exhibits
more chlorine than is normal for the isochlor

upon which the source of the particular water
is situated. This is an attempt to make the
chlorine a measure of the sewage contamination
past and présent, in much the same way as the
proportion of total combiued nitrogen has been
employed by others. It has the advantage over
the latter, inasmnch as the chlorine is practically
permanent whilst the nitrogen is removable in
various ways ; but, on the other hand, the
chlorine is subject to great variations within
a small area, aceording to local eircumstances,
more especially geological. The chlorine, more-
over, only testifies to contamination by liquid,
and not by solid, excrements, and in this respect
also is of less général applicability than the total
combined nitrogen. Eor a description of these
' isochlors,' as well as for a vast amount of
careful work on the subject of water supply and
sewerage, the reader is referred to ' Examinations
by the StateBoard of Health of the Water Supplies
and Inland Waters of Massachusetts, 1887-90.'
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968 WATER.

Hardness. This term is applied to those
ingrédients in water which react with soap and
produee an insoluble ' curd,' tire principal sub¬
stances in question being the various salts of
lime and magnesia, winch, entering into double
décomposition with sodium stearate (hard soap)
or potassium stearate (soft soap), give rise to
calcium and magnésium stéarates, both of which
are insoluble bodies, and soluble salts of sodium
or potassium. On this account the salts of lime
and magnesia are manifestly detrimental to the
fitness of the water for washing, but this will be
discussed more in détail under Water for Indus-
trial Purposes (v. p. 975). As regards the in¬
fluence of these salts upon the quality of drink-
ing water, opinion is very much divided. Some
persons consider the presence of a certain pro¬
portion of these salts désirable as furnishing the
materials necessary for bone-formation, others
contend that if présent in more than a moderate
proportion they tend to cause calcareous con¬
crétions in the System, whilst, lastly, others re¬
gard their presence or absence as immaterial
from a hygienic point of view. Purther, by

some authorities the sulphates and chlorides ol
calcium and magnésium (the so-called 'pei.
manent hardness ') are regarded as more objeç.
tionable than the bicarbonates or ' temporaij
hardness.' This was notably the view taken by
Edmund Parkes and Allen Miller (Roy. Commis,
on Water Supply, 1869, 195, 436). Again, there
are many who view the presence of the salts ol
magnesia with more suspicion than those ol
lime, and, indeed, magnesian waters ave very
generally credited with the power of causing
phosphatic calculi, goitre, and eretinism. On
this account it has sometimes happened that
waters which were otherwise of nrost unimpeaA
able quality have been discarded in conséquence
of their containing a few parts per 100,000 o!
magnesia. Ail these views concerning the in¬
fluence of lime and magnesia salts are, however,
based upon very unsatisfactory evidenoe. (For a
concise résumé of this evidence v. Hivers Pollu¬
tion Commission, 6th Report, 184-201.) The
Rivers Pollution Commissioners, in prosecuting
their inquiry into this subject, collected the
following statistics :—

Hardiiess of Water No. of Towns Average Population
Average Mortality

per 1,000

0-5 parts per 100,000 26 73,366 29T
5-10 25 81,655 28-3

Ahove 10 ,, .... 60 44,797 24'3
16-32 „ London 3,254,260 24-6

As these results are flagrantly illusory,
owing to nearly ail the large manufacturing
towns with conditions notoriously unfavourable
to health being supplied with soft water, the

Commissioners proceeded to compare towns only
of the same class, and in which presumably the
other conditions of life would be approximatel;
similar, as follows :—

Description No. of Towns Average Population Average Mortality

Towns supplied with Soft Water.
Seaport 5 162,801 29'4
Inland Manufacturing .... 5 172,860 29-7

,, Non-manufacturing . 8 10,751 25'4

Watering-places 5 48,430 19-5

Towns supplied with Moderately Hard Water.
Seaport 3 226,172 32-1
Inland Manufacturing .... 8 108,715 26-9

„ Non-manufacturing . 4 62,372 26-0

Watering-places 3 33,480 19-2

Towns supplied with Hard Water.
Seaport 6 116,406 25-1
Inland Manufacturing .... 5 144,981 25-5

„ Non-manufacturing . 20 29,169 23-2

Watering-places 12 53,170 204

Upon these statistics the Commissioners
renrark ' where the chief sanitary conditions pre-
vail with tolerable uniformity, the rate of mor-
tality is praetically uninfluerrced by the softness
or hardness of the water supplied to the différent
towns, and the average rate of mortality in the
différent water divisions varies far less than the
actual mortality in the différent towns of the
same division. We are, therefore, of opinion
that, whilst waters of excessive hardness may
be productive of calculus and perhaps other
diseases, soft and hard water, if equally free

from deleterious organic substances, are equally
wholesome.' The question of magnesia iu
drinking water has been recently discussed hy
the writer (' What is the Importance of Magnesia
in Drinking Water ' P. F. Frankland, Transac¬
tions of the Internat. Congress of Hygiene and
Demogr., London, 1891), from whose inquiry it
appears that whilst the amount of magnesia in
tire water supplied to most large towns is very
small— generally not more than 1-2 parts of MgO
per 100,000—it is much larger than is generally
supposed in the well-water consunred by such a
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SpringwaterfromNewark-on-Trent,usedforbrew-
1 J

257-05

•046

•013

0

•4G5

•478

2-9

17-2

162-8

1800

ingpurposes

(II.)

Fe203andAl2Os
CaO

MgO

Na,0

so3

N.A,

SiO,

—

•14

82-89

14-74

4-68

131-51

1-79

•98

Pontefractwatersupplyfrommagnesianlimestone
(I-)

88-84

•035

■010

0

3-315

3-325

5-9

16-6

37-2

53-8

TotalMgO=9-23.

AVellinbunterbedsofNewEedSandstoneatSandi
(I-)

45-04

•097

•037

•021

•094

■148

2-0

19-5

18-7

38-2

TotalMgO=7-05.

acre,Derbyshire......

TotalCaO=10-78.

SpringatMatlockBath,Derbyshire
(I-)

47-84

•021

•002

0

•030

•032

4-1

18-8

15-3

34-1

TotalMgO=4-08. TotalCaO=11-37.

Bore-holeinalluviumnearHiverDerwent,Matlocl
PO

24-44

•117

•048

•020

0

•064

•9

9-0

8-2

17-2

TotalMgO=2-53.

Bath........

TotalCaO=5-60.

BoringinNewBedSandstoneatGainsborough
1

PO

49-97

•028

•008

0

0

•008

2-0

16-8

18-6

35-4

Lincolnshire......
1

(II.)

•19

11-94

5-97

2-84

16-62

0

•94

—-

—

WatersfromMalvern:No.1.

(I-)

27-48

•092

•024

0

•668

•692

1-9

11-6

9-6

21-2

TotalMagnesia=4-09. Ditto=-75.

No.2.

PO

8-52

•045

•016

0

•354

•370

1-2

0

4-3

4-3

No.3.

(I.)

12-56

•033

•014

0

•277

•291

1-5

2-9

5-0

7-9

Ditto=1-64.

WellsatWellingboroughbeforesoftening
l

PO

58-20

•036

•017

•004

0

•020

2-2

30-3

16-2

46-5

Ditto.......
f

(II).

•3

5

21-97

4-05

2-31

11-30

0

1-01

—

—

i>

Dittoaftersofteningwithlime.
1

PO

26-30

0-35

•014

•004

0

•017

2-2

1-1

14-9

160

w

Ditto

; i

(II.)

•02

6-42

2-16

2-24

1203

0

•63

—

—

w

Wellinchalk,Southampton,beforesoftening.
PO

31-69

•024

•012

•005

•365

•381

1-6

23-0

2-7

25-7

Ditto.......
r

(II.)

•14

14-53

•25

1-21

•39

1-41

102

—

—

Dittoaftersofteningwithlime.
i

(I.)

14-07

•021

•013

•004

•381

•397

1-0

5-6

3-0

8-6

Ditto

/

(II.)

•11

4-42

•28

1-12

•45

1-47

•94

—

—

NewKiverCompany'swater,London,before
PO

32-08

■150

•018

0

•308

•326

2-1

19-1

3-6

22-7

TotalMgO=-92.

softening

TotalCaO=12-35.

Dittoaftersofteningwithlime.
PO

13-48

•103

•017

0

•329

•346

2-1

1-9

3-4

5-3

TotalMgO=-80. TotalCaO=214.

WellinchalkbelowLondonclay,London
"i

(I.)

59-29

•036

•013

•010

0

•021

8-3

100

0

100

Alkalinity(calculated

Ditto......
(11.)

•2

9

3-20

1-97

24-85

11-41

0

1-25

—

—

asNa20)=8-69.

WellinchalkbelowLondonclay,VictoriaDock
i

(I.)

58-76

•111

•017

•050

0

•058

16-7

19-8

8-0

27'8

London,beforesoftening....
j

(II.)

•22

12-57

2-82

13-13

4-96

0

1-44

K.,0

=•93

Dittoaftersofteningwithlimeandcaustic
(I.)

44-20

•084

•016

•060

0

—

17-3

2-4

0-0

8-4

soda

j

(II.)

•14

5-96

•57

15-76

4-01

0

•69

K,0=
=1-06

DeepwellinNewEedSandstoneatSt.Helens
x

(I.)

56-40

•099

•029

•004

0

•032

3-6

29-4

11-8

41-2

Ditto

J
\

(II.)

•15

15-76

6-31

5-82

733

0

•97

K.,0

=•33

Dittoaftersofteningwithlime.
PO

—

—

—

—

—

—

—

—

15-7

Ditto

/

(II.)

—

—

4-25

5-41

o o

Note.—Thefiguresstandinginahorizontallinecommencingwitli'I.'referto'TotalSolidMatters,''OrganicCarbon,'&c.,whilsttlioseinalinecominencingwith'II.'referto'Fe.,0,andalo,.'
o

'CaO,''MgO,'&c.

^EesultsofAnftlysisexpresse!inpartsper100,000).
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970 WATER.

large portion of the population. Thus in the
case of fifty brewery waters from ail parts of the
kingdom, the average amount of magnesia
(MgO) was 3-41 parts per 100,000. It mustalso
be remembered that the geological formation
richest in magnesia (the magnesian limestone)
is only very slightly represented in this country,
so that the proportions of magnesia met with in
the dolomitie districts of the Continent must be
much larger. As the reeorded analyses in which
magnesia has been determined are comparatively
few in number, those made by the writer are
shown on the previous page.

These analytical results show that the cal-
eareous waters derived from the chalk eontain
only a very small proportion of magnesia, and
that even in the highly-saline waters obtained
from the chalk below the London clay the
amount is also very moderate, only distinetly
greater than in the case of the normal chalk
waters.

The proportion of magnesia, again, is con-
siderably greater in the water from the Lias, as
represented bythewellsatWellingborough, whilst
the largest proportions were found in waters
from the magnesian limestone and New Red
Sandstone.

It will be further seen that in ail cases in
which the proportion of magnesia is at ail
considérable (say, upwards of 4 parts), the per¬
manent hardness is high (10 parts per 100,000
or upwards), whilst in none of the cases quoted
is the permanent hardness above 10 without the
magnesia being above 4 parts ; in fact, in
waters with low permanent hardness there is
little chance of finding much magnesia, and
vice versa. Applying this rule, it will be found
that in ail probability an immense number of
waters in common use must eontain from 4-6
parts of magnesia per 100,000—a proportion
which by some authorities is regarded as ob-
jectionable. Thus, of 28 samples of deep well
water from the New Red Sandstone analysed by
the Rivers Pollution Commission, no less than
16, or more than 50 p.e., contained upwards of
10 parts of permanent hardness. Again, of 15
spring waters from the New Red Sandstone 7
exhibited upwards of 10 parts of permanent hard¬
ness. On the other liand, of 66 deep well
waters from the chalk, only 5, or 7'5 p.c., had
upwards of 10 parts of permanent hardness;
and of 28 spring waters from the chalk there
was not one in which the permanent hardness
amounted to 10 parts per 100,000.

If this investigation be extended to shallow
wells, it will be found that the number of
probably magnesian waters becomes enormously
greater. Thus, of 87 samples of shallow-well
water from the New Red Sandstone, no less than
84, or 96'5 p.c., had their permanent hardness
in exeess, and generally largely in excess, of
10 parts per 100,000 ; and again, of 33 samples
of shallow well water from the chalk, 27 ex-
ceeded the 10 parts of permanent hardness.
Thus, without at ail forcing the rule as to the
relationship between permanent hardness and
magnesia, it is obvious that waters containing
from 4-6 parts of magnesia must be of very
common occurrence indeed, and that a very
large portion of our population must be supplied
with thein. Until, therefore, a far more searcli-

ing inquiry than hitherto has been made into
the alleged effect of such waters upon health, is
would appear un désirable that any importance
should be attributed to such proportions of ma»,
nesia in drinking water which are othenvise of
unimpeachable purity.

The effect of Clark's process on magnesian
waters is noteworthy. As a général rule, the
proportion of magnesia removed by the treat-
ment with lime is small—much smaller than
that of the lime removed ; but it is particularly
worthy of notice that in the case wbere caustie
soda was used in conjunction with lime, as is
now frequently done in the softening of water
for industrial purposes, the proportion of ma»,
nesia removed was greater than that of the lime.

In the following table are reeorded the pro¬
portions of lime and magnesia in a sériés of
50 brewery waters analysed by the writer from
ail parts of the country, although in onlj a few
instances can the précisé source of the samples
be assigned

Brewery waters.
(Parts per 100,000.)

—■

Lime
com-

bined
as car¬

bonate

Total
lime

Total
mag¬
nesia

No.
1 11-96 18-21 •31
2 7-49 7-74 3-3»
3 14-37 17-21 ■20
4 1-04 10-69 9-99
5 ... . 13-91 20-67 •81
6 ... . 3-36 6-26 2-21
7 12-31 15-16 4-36
8 3-24 6-34 1-34
9 . 12-89 15-44 ■76

10 .... 0 25-94 9-01
11 .... 16-27 20-46 1-81
12 .... 12-81 16-47 1-8?
13 (from Chapel-en-le-

1-04Frith, Derbyshire) . 0 •57
14 (from Brighton) 14-06 20-87 1-11
15 (chalk below London

2-81clay) 2-81 1-33
16 (from Cosham, Hants) 17-41 23-46 2-81

■4117 (from Brighton) 10-30 13-69
18 Ditto 11-51 16-39 •61
19 (from Wrexham) 16-99 21-14 2-77
20 .... 6-40 10-74 •89
21 .... 10-37 10-69 6-21
22 .... 5-54 5-54 1-74
23 .... 9-53 11-13 ■54.
24 .... 13-11 15-67 ■19
25 .... 2-84 3-37 1-40
26 .... 14-91 19-94 5-01
27 . . 5-91 7-16 1-07
28 (from Reading) 15-90 25-57 1-21
29 .... 7-11 14-57 5-59
30 .... 20-26 23-04 8-81
31 .... 8-16 8-16 2-57
32 .... 14-51 17-00 7-36
33 (from Cardiffi .

5-04 14-86 3-91
2-1434 .... 19-34 28-89

35 (from Louth) .
11-60 13-36 1-16

36 (from Tauntoni 9-79 10-16 1-21
37 .... 9-91 9-94 4-14

Average magnesia = 3*41 parts per 100,000.
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Brewery waters (continued).
(Parts per 100,000.)

—

Lime
com-
bined

as car¬
bonate

Total
lime

Total
mag-
nesia

No.
38 ... 9-36 11-87 •56
39 . 13-94 15-21 •39
40 . •34 3-73 1-61
41 . 17-64 32-56 5-99
42 ... 7-16 51-66 27-10
43 . 12-71 46-60 20-57
44 ... 10-74 19-10 •60
45 10-74 12-29 1-19
46 (from Hertford) 12-61 14-37 •76
47 . . •29 4-96 2-59
48 . 10-04 11-00 3-03
49 . . 3-29 3-39 3-30
50 (chalk below London

clay) — 2-61 1-46

Average magnesia — 3*41 parts per 100,000.

The hardness of water not unfrequently
throws light upon its previous history, for the
food of both man and animais is of necessity
rich in lime, and nearly the whole of this is in
adult life again found in the liquid and solid
excreta ; hence water obtained from strata which
hâve been mueh polluted with animal matters
always exbibits a large amount of permanent
hardness (v. analyses of shallow well waters).
A description of the principal processes in use
for the softening of hard water will be found
under Water for industrial purposes (v.p. 975).

Purification of Drinking Water.

Inasmuch as the impurities are either sus-
pended or dissolved, minerai or organic, and the
organic either animate or inanimate, it follows
that the subjeet of purification may be eon-
sidered froni a number of différent points of
riew, according to the particular class of im¬
purities the removal of which is under discus¬
sion. Again, the processes of purification fall
under two heads, according as they are suitable
for application on the large or small scale only.
Practically ail the more important processes of
drinking water purification are filtration pro¬
cesses, those depending upon précipitation being

more espeeially of importance in connection with
water for industrial purposes (see p. 975).

Purification of drinking water on large scale..
AU surface water is liable to turbidity, and in
times of rain and flood the amount of suspended
niatter may become very excessive. It is, there-
fore, highly désirable that ail surface water.
even that from upland sources, should be sub •

mitted to purification before distribution for
domestie purposes. The process of purification
is much faeilitated if the water is first permitted
to remain at rest in storage réservoirs for some
days or even weeks, the greater part of the sus¬
pended matter thus beeoming preeipitated, and
some destruction even of the dissolved organic.
matter also taking place. The process of filtra¬
tion resorted to on the large scale is almost in-
variably that through sand of différent degrees.
of coarseness. This method was inaugurated
by Simpson, the engineer to the Chelsea Com¬
pany in 1829 ('London Water Supply,' Francis.
Bolton, 1884, p. 164), and has since been adopted.
by ail the other London companies not drawing
their supplies from wells, as also in the case
of a nnmber of other towns both at home and
abroad. The filter beds, as usually construeted,.
are 10-16 feet in depth, often upwards of an acre-
in area, made water-tight with masonry, con¬
crète, or puddled-clay walls. On the bottom
are colleeting drains, upon which is placed a.
layer of broken stone about two feet in thickness,.
following upon which are layersof coarse gravel,
fine gravel, and uppermost a stratum of fine-
sand, 1-4 feet in thickness. The water is kept
at a depth of 1-4 feet above the surface of the-
fine sand, the rate of filtration varying in différ¬
ent Works. The greater part of the suspended
impurities are retained in the downward pas¬
sage of the water by the first few inches of fine
sand, which sooner or later, sometimes in the-
course of a few weeks, causes the clogging of
the filter. When the rate of filtration is too-
much retarded for practical purposes, the fouled
surface of the sand is removed, after which the-
filtration can be continued until the filter is-
again choked, when the surface is again scraped
off, the process being repeated until the stratum
of sand becomes too thin to be efficient, after
which a new filter bed has to be prepared. The
sand scraped off is generally thoroughly washed,
allowed to dry, and then used again. The follow¬
ing particulars for the several London companies-
will serve to illustrate the method of working:—

Seventeenth Annual Beport of Local Government Board, 1887-8, p. 157.

Names of companies

Ho.of days'
supply

stored in
subsiding
réservoirs

Filtering
area per
million

gallons of
average

daily
supply

Thickness of sand
on filter

Monthly rate of filtra¬
tion per square
foot per hour

Maximum Minimum Average Maximum

Acres Ft. in. Ft. in. Gallons Gallons
Chelsea 14-0 •67 4 6 4 0 1-75 1-75
East London .... 16-5 •81 2 0 0 1-33 1-33
Grand Junction .... 4-0 •74 2 0 1 8 1-8 2-2
Lambeth 8-0 •44 3 0 1 9 2-5 2-9
New River 6-0 •57 2 3 1 3 2-08 2-5
Sonthwark and Vauxhall. 3-0 •64 3 0 1 0 1-5 1-5
West Middlesex .... 8-0 •99 3 3 2 3 1-33 1-75
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Besides the filter beds just deseribed, some
of the Tuâmes companies are now using an
auxiliary process of filtration through the
natural gravel beds which form the banks of the
Thames at Hampton. These gravel beds are at
ail times full of water, which forms, as it were,
an underground river, and underground pipes
were first laid in this gravel and conneeted with
a pumping well in order to utilise this water,
which is always elear and bright in conséquence
of the natural filtration which it has undergone.
In order to increase the supply of this under¬
ground water the gravel bed is flooded with
water directly from the Thames, for which pur-
pose a second sériés of perforated pipes are laid
parallel to the first and placed at a distance of
about thirty yards from them. This second
sériés of pipes is placed in direct communication
with the Thames, but at the point of ingress is
placed a small vertical sand filter to arrest the
coarser impurities. In this manner about three
million gallons of well filtered water are daily
obtained from forty acres of ground (' Collection,
Storage, Purification, and Examination of
Water,' Chatham Lectures, 1886, Sir E. Bolton
and P. P. Prankland). The excellent results
thus obtained has led to the extension of the
System in connection with the Thames supply to
London, as well as in other places.

Such sand filters, although very efficient in
removing the suspended matter, have compara-
tively little action upon that which is dissolved.
Thus the following figures exhibit the composi¬
tion of the York water supply, before and after
filtration through sand :—

(Results of Analvsis expresse! in parts per 100,000.)

Before After
filtration filtration

Total solid matters 28-40 26-20
Organic carbon . •123 •119
Organic nitrogen. ■025 •022
Ammonia .... 0 0
Nitrogen as nitrates and

nitrites .... •077 •089
Chlorine .... 1-6 1-6
Temporary hardness . 11-5 10-9
Permanent hardness . 7-1 7-1
Total hardness . 18-6 18-0
Micro-organisms (colonies

yielded by 1 e.c. of water
on cultivation with gela-
tine-peptone) . 31,200 122

(P. F. Frankland, S. C. I. 1887.)
Until quite recently it was supposed that

.such sand filtration could have little or no efïect
in removing the micro-organisms présent in
water, as the interstitial spaces between the
grains of sand are so large in comparison with
the minute dimensions of the microbes. It was

first shown by Koch in Germany, and by the
writer in this country, that nearly ail the
.microbes in water are removed by the sand-
filters (Koch, 'Bericht der Députât, f. die
Verwaltung der Canalisationswerke,' Berlin,
1883 ; P. F. Frankland, Pr. 1885 ; Proc. Inst.
■Civ. Engineers, 1885-6 ; S. C. I. 1885, 1887),
and this resuit has been eonfirmed by numerous

other investigators (Wolffhiigel, Arbeiten a. d. k,
Gesundheitsamte, 1886, 1 ; Plagge and Pros-
kauer, Zeitsch. f. Hygiene, 2, 1887, 401).

It was, in fact, supposed by Koch and his
pupils that the sand filtration really removedad
the microbes originally présent in the water, and
that those always found in the filtered waterhad
gained access subséquent to filtration. The
writer had, however, from the first shown that
in the case of his regular examinations of the
London water supply there was an obvious re-
lationship between the number of microbes in
the unfiltered and filtered waters respectivelj,
necessitating the conclusion, therefore, that the
sand filters can only be credited with removinga
portion and not the whole of the micro-orgmim
présent. This is sufficiently conspicuous from the
tables on next page, which record some of the
writer's results obtained with the London water

supply during the year 1886, and reported to the
Local Government Board (P. F. Frankland,
S. C. I. 1886). The unfiltered Thames water
was in every case colleeted near the intakes ot
the several water companies at Hampton, and
the filtered water from the mains of the Chelsea,
West Middlesex, Southwark, Grand Junction,
and Lambeth Companies respectively.

C. Fraenkel and Piefke (Zeitsch. f. Hygiene,
8, 1890, 1-40) have quite recently demonstrated
by direct experiment that particular species of
bacteria purposely introdueed into the unfiltered,
were still présent, although in greatly-diminished
numbers, in the filtered water.

The wonderful effieiency of these sand filters
in removing microbes was at first very difficult
to account for, but it is now recognised to dépend
upon the impervious nature of the slimy deposit
which forms upon the surface of the sand, and
until such a coating has been established the
filter has but little efïect in removing micro-
organisms (Piefke, ' Aphorismen iiber Wasser-
versorgung,' Zeitsch. f. Hygiene, 7, 1889, 115-
170). The rate at which filtration is carriedon
is also a most important factor, the more rapid
the rate the less efficient being the purification
(P. F. Frankland, Proc. Inst. Civ. Engineers,
1885-6). The statistics of the London water
companies show that the cost of filtration as
carried out by them averages about O'firi. per
1,000 gallons.

In countries liable to extreme cold—indeed,
even in cold winters in this country—the process
of sand filtration offers great diffieulties, in con¬
séquence of the freezing of the filters ; and this
has, in Berlin, been guarded against by the con¬
struction of a number of covered filter-beds. In
the United States, where the same difficulty
exists, the Hyatt System of filtration has been
employed on a considérable scale. In this the
water is first treated with a minute quantity of
alum (about ^ grain per gallon), after which it
passes through a steel filtering chamber, con-
sisting of a vertical cylinder the diameter ol
which is nearly twice its height. This cylinder
is divided by a horizontal diaphragm, capable ol
withstanding the hydrostatic pressure necessary
for rapid filtration. The Iower half contains the
filtering material, composed of 2 parts coke and
3 parts sand. The upper part of the cylinder is
used for washing the filtering material, which at
regular intervais is transferred into it in a state
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Table I. 1886.

Total number of Colonies obtained by cultivation of one cubic centimètre of water.

—

Description of water

Thames
unfiltered Chelsea

West
Middlesex Southwark

Grand
Junction Lambetli

Jinuary 45,400 159 180 2,270 4,894 2,587
February 15,800 305 80 284 208 265
Mardi ..... 11,415 299 175 1,562 379 287

April 12,250 94 47 77 115 209

May 4,800 59 19 29 51 136
June 8,300 60 145 94 17 129

July..... 3,000 59 45 380 14 155

August 6,100 303 25 60 12 1,415
September .... 8,400 87 27 49 17 59
October 8,600 34 22 61 77 45
November .... 56,000 65 47 321 80 108
December..... 63,000 222 2,000 1,100 1,700 305

Average .... 20,255 146 234 524 630 475

Table II. 1886.

Fercentage réduction in the number of developable micro-organisms présent in the river waters
before delivery by the companies.

Description of water

Chelsea West
Middlesex Southwark Grand

Junction
Lambetli

January 99-7 99-6 95-0 89-2 94-3
February 98-1 99-5 98-2 98-7 98-3
March 97-4 98-5 86-3 96-7 97-5
April 99-2 99-6 99-4 99-1 98-3
May 98'8 99-6 99-4 98-9 97-2
June 99-3 98-3 98-9 99-8 98-5
July 98 0 98-5 87-3 99'5 94-8
August 95-0 99-6 99-0 99-8 76-8
September 99-0 99-7 99-4 99-8 99-3
October 99-6 99-7 99-3 99-1 99-5
November....... 99-9 99-9 99-4 99-9 99-8
December 99-7 96-8 98-3 97-3 99-5

Average percentage réduction . 98-6 99-1 96-7 98-2 96-2

of violent agitation by hydraulie currents, the
impurities iiowing away through pipes situated
»ear the top of the cylinder. In the process of
filtration the water is admitted through pipes to
the npper part of the lower section of the
cylinder, and it is drawn off through perforated
tnps, which permit the water, but not the sand,
topass. It is claimed that the efficiency of the
sjstem dépends more upon the successful préci¬
pitation and entanglement of germ life by the
coagulant alumina than upon any spécial merits
of the filter ('Potable Water, 'Floyd Davis, Iowa,
li.S., 1891). The cost of maintenance is said to
le only one-fifth of that entailed by filter beds.

Of other methods of drinking-water purifica¬
tion on the large scale the only one that need be
mentioned is Anderson's, which has been very
successfully employed in dealing with the highly-
impure water which is alone available at Ant-
werp. The method consists in passing the water
slowly through revolving iron cylinders about
two-thirds filled with iron borings. A small
quantity of the iron continuously passes into

solution, so that the water becomes impregnated
with ferrous iron, which subsequently, when the
water flows into a settling-tank, is converted
into the ferrie state with précipitation, a large
proportion of the organic rnatter in solution being
removed in the process, whilst the antiseptic
action of the dissolved iron and the précipitation
combined effect a very considérable diminution in
the number of vital germs. After undergoing
oxidation in the settling tank, the water isfinally
filtered through sand before distribution. At
Antwerp it takes three and a-balf minutes for
the water to pass through the rotating cylinder,
the entire process occupying about six hours
(Anderson, Proc. Inst. Civ. Engineers ; Engineer¬
ing, 39, 525).

Purification of drinking water on small
scale. The filtration of water on the small scale
was already known to the ancients. Thus Pliny
mentions vessels in which water was clarified by
passage through wool. An immense number of
différent materials have been employed during
recent years, but space will only permit of the

IRIS - LILLIAD - Université Lille 1



■974 WATER.

brief considération of a few of the more impor¬
tant ones.

Animal charcoal is employed in a number of
common household filters, and from the invalu-
able services which it yields in sugar-refining it
was anticipated that it would be highly efficient
as a water filter. Unlike sand, it not only acts
upon the suspended matters, but also removes a
■considérable proportion of the dissolved organic
matter, and even some of the temporary hard-
ness. TJnfortunately, however, its action is very
transient, and it generally soon becomes the
seat of numerous organic growths, winch are
favoured by the phosphate of lime it contains,
and the filtered water is then often rendered
more impure than the unfiltered.

Vegetable charcoal has but little effect on
the dissolved organic matters, although if in a
sufficiently fine state of division it is an excel¬
lent strainer for suspended impurities (see table
below).

Bischof's spongy iron, obtained either by ré¬
duction of hœmatite or of roasted pyrites, has
a remarkable power of removing dissolved or¬
ganic matters, as well as temporary hardness
and nitrates, and this power is far more perma¬
nent than that of animal charcoal. It was for
some time also employed on the large scale, in
conjunction with sand, at the Antwerp Water-
works. The effect of filtration through animal

charcoal and spongy iron respectively is exhi-
bited in the table below.

Since the reeent great advances in bactérie-
logical science, it has become évident that the
removal of micro-organisms from drinking water
is a matter of mueh greater importance than the
removal of organic matter, and hence it is in
respect of this property that the value of filters
is now generally estimated. The writer has
shown (The Removal of Micro-Organisms from
Water, P. F. Frankland, Pr. 18S5) that several
substances—such as coke, wood, charcoal, spongy
iron, &c.—in a sufficiently line state of division
are capable of entirely removing ail microbes
in water passed through a stratum of a few
inclies of these materials. This power, which is
quite independent of any chemieal action (thus
in the case of coke and wood-eharcoal there is
little or no removal of dissolved organic matter),
is, however, not maintained unless the materials
are frequently renewed ; and in the case of
animal charcoal which has been in use for a

short time (one month) the number of microbes
was found to be far greater in the filtered than
in the unfiltered water. The most conspicuous
instance of biological, as opposed to chemieal,
filtration is furnished by Chamberland's un-
glazed porcelain filter, which entirely removes
microbes, but has no chemieal action whatever
(see table below).

(Besults of Analysis, expressed in parts per 100,000.)
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London water, unfiltered1 24*60 •129 •023 0 •188 •211 1-6 T 19-4 _

Ditto, after filtration through fresh animal charcoal1 19-40 •029 •007 •013 •194 •212 1-6 — — 15-2 —

London water, unfiltered1 25-94 •164 •030 •002 •062 •094 1-9 — — 19-7 —

Ditto, after filtration through animalcharcoal in use 11 months1 25-10 •010 •002 •002 •125 •129 1-9 — — 19-1 -

London water, unfiltered1 25-28 •120 •013 0 •166 •179 1-7 14-5 6-7 21-2 —

Ditto, after filtration through fresh spongy iron1 . 13-70 •025 •004 •002 •031 •037 1-7 7*4 4-6 12-0 —

London water, unfiltered 1 24-10 •188 •034 •001 •120 •155 1-95 11-8 7-3 19-1 —

Ditto, after filtration through spongy iron in use 8 months1 . 14-84 •089 •020 •001 0 •021 1-95 5-3 4-3 9-6 —

Water, before filtration 3 24-80 •144 •050 0 •190 •240 1-9 11-3 5-6 16-9 26,01X1
Ditto, after filtration through fine coke3 25-00 •107 •038 0 •202 •240 1-9 11-3 5-6 16-9 0

Ditto, after filtration through fine wood charcoal3 . 24-68 •090 •024 0 •221 •245 1-9 12-5 4-6 17-1 0
London water, before filtration 8 33-70 •282 •028 0 •288 •316 1-9 L5-7 4-9 20-6 54

Ditto, after filtration through Chamberland filter 8 30-04 •284 •027 0 •289 •316 1-9 14-4 5-3 19*7 0

1 Riv. Commis. 6th Rep.

À number of household filters in actual use

have been examined with regard to their power
of removing microbes by Plagge (Public Health
Section of Germ. Assoe. of Naturalists and
Physicians, 1886), who divides them into six
classes, according to the materials used : (1)
carbon filters, (2) stone and sand filters, (S)
spongy-iron filters, (4) paper filters, of several
kinds, (5) porous earthenware filters (Chamber-
land), (6) asbestos filters (Breyer, Hesse, Arnold,
and Schirmer). The carbon filters were found
not only to admit of the free transmission of
microbes, but in some cases the numbers in the
filtrate greatly exceeded those in the unfiltered
water. Thus in one case 68 colonies were ob¬
tained from 1 c.c. of the unfiltered, and 12,000
from 1 c.c. of the filtered water. The stone and

3 P. P. Frankland, Pr. 1885, 390.

sand filters were ail found to be worthless.
The spongy-iron filter yieided the following re-

'

sults : unfiltered water, 38,000 colonies from
1 c.c.; filtered, 18,000-24,000 colonies from lu
The paper filters ail yieided very unsatisfactoiy
results ; the earthenware and asbestos filters, on
the other hand, gave in nearly every instance a
filtrate practically free from microbes. (For par-
ticulars concerning the sterilising power of the
Chamberland filter, see also Miquel, Analyse
Bactériologique des Eaux, Paris, 1891.) The
principal drawback to these porous earthenware
filters is the rapid diminution in the rate ol
filtration which they exhibit. More satisfactory
in this respect are said to be the Berkefeli
filters, similarly eonstrueted of burnt infusorial
earth (Nordtmeyer, Zeitseh. f. Hygiene, x, 1891,

3 P. F. Frankland, S. C. 1. 1885.
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145; Bitter, ibid. 155). Neither the Chamber-
lind nor Berkefeld filters permanently yield
stérile water, some of the bacteria in the un-

Jltered water sooner or later growing through
tie pores. It is, however, doubtful whether any
of the ordinary pathogenio bacteria would do
this, as none of them are known to actually
raultiply extensively in ordinary drinking water
(Kiibler, Zeitsch. f. Hygiene, viii. 1890, 48).

Purification of drinking water by distilla¬
tion. This is, of course, the most effectuai mode
of freeing water from ail its impurities. It is
resorted to, on a considérable scale, at sea, botk
for steam and sailing vessels. (For description
of fonns of apparatus in aotual use v. Fischer,
Technologie d. Wassers, Brunswick, 1880, 201-
208.) The insipid taste of the distilled water can
be removed either by aération, or by filtration
through animal charcoal or other porous sub¬
stances. Distilled water is also employed to
some extent for the manufacture of aërated
waters and for artificial ice.

Purification of drinking water by ebullition.
The purification consists, of course, only in the
destruction of living organisms présent in the
water, but this is from an hygienie point of
riew of the greatest importance. In its action
it is far more reliable than any proeess of filtra¬
tion, and should be invariably resorted to in the
case of waters whieh bear any suspicion of sew-
age contamination. The vapid taste of the boiled
rater may be removed by passage through a
filter, which, however, should be exclusively em¬
ployed for this purpose and not for filtering
unboiled water. A convenient form of appara¬
tus for sterilising large quantifies of water—e.g.
for hospitals, barraeks, &c.—is described by
Miquel (Manuel d'Analyse bactériologique des
Eaux, Paris, 1891, 188). The more extensive
use of boiled instead of filtered water is one

of the chief sanitary desiderata of the day.
Although absolute sterility cannot be guaranteed
by a few minutes' ebullition, yet the réduction in
the number of microbes by this simple proeess
is so great that it may be safely regarded as
ample for practical purposes. Thus Miquel and
Wada (ibid. 185) found in the case of the Ourcq-
canal water of Paris :

Température
14°C. .

50° for 10 minutes
60°
70°
80°
90°

100°
100° for 20 minutes

Bacteria in 1 c.c.

. 460,800
600

■ (60)
88-8
62-4
26-4

•5
0-0

Water eok Industrial Purposes.
Of the numerous uses to which water is put

in industrial purposes, the most général and
important is the raising of steam. The compo¬
sition of the water supplied to steam-boilers is a
matter of great conséquence, as the use of un-
suitable water may cause the corrosion of boiler-
plates and the formation of deposits, which not
only occasion a serious loss of heat but may also
lead to most disastrous explosions.

Pure water—especially such as is rich in dis-
solved oxygen and carbonic anhydride—has a
eorrosive action on iron, which is increased by
the simultaneous presence of chlorides. This
corrosion is generally most marked where the
above gases are longest in contact with the
boiler-plates, thus especially in the vicinity of
the cold-water feed, and at the water-line. The
action is also more pronounced in the case of
boilers which are used intermittently and not
constantly (D.P. J. 1875, 218, 75; 1876, 219, 526).

Magnésium chloride is one of the commonest
ingrédients in natural waters, causing boiler-
corrosion. Its action is due to the décomposition
which its solutions undergo at high températures
into oxyehloride and hydrochloric acid, the
latter escaping with the steam, and thus doing
further mischief in the steam-pipes, valves,
cylinders, &c. This action is to a considérable
extent counteracted, although often by no means
overcome, through the simultaneous presence in
the water of the carbonates of the alkalis and
alkaline earths. Sulphuretted hydrogen in
water, as might be expected, causes the corrosion
of iron plates ; similarly injurious are moorland
waters of acid reaction, acid waters generally,
and waters containing much iron.

Boilers are also frequently corroded through
the use of eondensed water which contains some

of the lubricants employed in the valves, cylin¬
ders, cfcc., through which the steam has pàssed,
for, if animal or vegetable fats and oils have been
employed in lubrication, these become decomposed
by the steam, with libération of free fatty acid.

Boiler deposits. These are formed through
the use of impure feed water, and exhibit great
variations, both in ehemical and physical charac-
ter, according to the nature of the water and the
circumstances under which it is employed.
Thus sea water gives rise to boiler incrustations,
consisting principally of calcium sulphate and
magnésium hydrate, the relative proportions of
which appear to dépend upon the pressure under
whieh it is used. Thus Wallace (Iron, 1876, 427)
gives the following results of analysis of the
deposits from five marine boilers working under
the specified pressures :

Composition of Marine Boiler Deposits.
Pressure in Atmosphères •34 •4-7 ■7 1-1-2 1-4

Calcium sulphate 33-95 66-88 69-77 74-21 72-85
Magnésium oxide ...... 40-05 18-96 15-75 14-95 13-18
Calcium carbonate — 0 3-44 — ■34
Sodium chloride trace trace •99 2-04 2-16
Ferrie oxide, alumina, and calcium phosphate . 1-33 •50 1-36 1-34 2-40
Silica trace trace ■16 •57 •80
Water and traces of carbonic anhydride 24-67 11-66 8-25 6-89 8-27

100-00 98-00 99-72 100-00 100-00
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Composition of Boiler Deposits and Feed Waters.

Pressure in atmosphères 2-5-3 3 3-5 3-5 - about 2 5-6 3'5 I

Lime (CaO) 44-38 34-13 30-43 44-32 38-20 40-07 46-27 49-51

Magnesia (MgO) •82 6-69 • 2-64 4-90 3-02 •25 5-59 1-78
Ferrie oxide ancl alumina - 2-24 5-28 1-67 2-10 •52 trace 2-44 1-48

Sulphuric acid (SOs) .... 28-22 37-04 45-21 18-76 48-41 56-94 •95 5-82
34-50Carbonic acid (CO-.) .... 19-25 6-09 3-66 24-48 3-40 trace 35-66

Silica •47 trace •88 trace — — •87 1-07
Water given off under 120°C. — — •41 — •71 1-07 — —

„ „ „ over 120°C. 3-68 7-90 3-04 2-31 3-50 •68 2-47 1-06
Insoluble matter .... •48 2-25 5-65 2-46 1-91 — 4-65 2-47

Essential Composition.
1-63Anhydrite (CaS04) .... — — 49-98 31-96 50-44 90-44 9-86

Calcium sulphate (2CaS04,H20). 50-75 67-14 29-73 - — 30-30 —
— —

Gypsum (CaS04,2H20) —

— -— — 4-27 8-60 — —

Calcium carbonate (CaC03). 44-25 14-65 8-30 55-65 8-20 — 81-45 81-10

Magnésium hydrate .... 1-19 9-69 3-83 7-11 4-36 — 8-10 2-58
Feed water, parts per 100,000.

Magnesia } ^ePosited on boiling { 22-5
1-9

8-6
•3

trace
0

6-3
3-9

14-6
0

trace
0

—

"me
. \ total S • • • •Magnesia J \ ... .

45-0 14-7 4-6 15-5 24-4 59-9 — —

8-5 2-2 •9 6-8 3-2 8-1 — -

Sulphuric acid (SO;1) .... 21-9 12-1 4-0 8-9 23-2 30-6 — —

Chlorine 29-3 5-9 — 91 •9 77-0 — —

Ordinary fresli waters give rise to deposits
consisting principally o£ calcium carbonate and
sulphate. Fischer (Technologie d. Wassers,
Brunswick, 1880, 219) gives the composition of
an interesting sériés of such deposits together
with the composition of the feed waters from
which they were obtained.

These deposits may thus consist almost ex-
clusively of carbonate or of sulphate of lime, but
more commonly of both, and it is generally
found that waters containing a considérable
proportion of sulphate in addition to the car¬
bonate of lime give rise to the hardest and most
troublesome forms of deposit, whilst waters con¬
taining carbonate only often deposit the latter in
the form of a fine sediment, which, if frequently
blown oïï, does not adhéré to the boiler. It is
often attempted to prevent these incrustations by
means of substances added to the water in the
boiler, which go by the name of anti-incrus-
tators. Of these substances may be mentioned
(1) saline ones, including soda-crystals, soda-ash
mixtures of common sait and sulphuric acid,
barium chloride,-tribasic sodium phosphate, and
sulphites ; (2) fatty ones, including tallow and
low-class oils ; (3) paraffin andparaffinproducts,
including paraffin oil, and soda-tar obtained in
the purification of crude paraffin oil ; (4) other
organic compositions, including peat, moss,
potatoes, glycerin, charcoal, tannin, &c. Al-
though some of these anti-incrustators may be
used with advantage underspécial circumstances,
they are as a class to be condemned as either
worthless or actually deleterious and entirely
wrong in principle, inasmuch as the purification
of the water is far better effected before it is
allowed to enter the boiler. (See also W. I.
Macadam, S. C. I. 1883, 12-21, and Fischer,
Technologie d. Wassers, 236, 245.) For the
methods of purifying water for industrial pur-
poses, see below (p. 977).

Water for otlicr industrialpurposes. (1) For
brewing, the composition of water employed is

of highest importance. For ail classes ol beer
it is essential that the water should be free from
decomposing organic matter ; such water is al-
ready injurious in the steeping of the barley,
being liable to give rise to putréfaction and
mould-growths, whilst in the subséquent brew¬
ing opérations it tends to interfère with the
purity of the fermentation, and impairs the
keeping properties of the beer. For this reason
the purest available water, preferably that from
deep wells and springs, is invariably employed
by brewers. As regards the minerai ingrédients,
it dépends upon the kind of beer that is to be
produced. Thus whilst a soft water is most
advantageous for stout, porter, and the darker-
coloured beers, for brewing pale aie it is neces-
sary to employ a water containing not less thaï
about 30-40 parts per 100,000 of calcium sul¬
phate. It is the presence of this ingrédient in the
well waters of the New Red Sandstone around
Burton-on-Trent that originally rendered that
place famous for pale aie, but it is now eus-
tomary to add gypsum to the water in places
where the natural supply is déficient in this in¬
grédient (v. Brewing). In this manner the ma»-
nificent supplies of water from the chalk and
Oolite formations, which are rich in calcium
carbonate but contain very little calcium sul¬
phate, can be artifieially rendered of equal
quality for pale aie brewing to the Burton
waters. The water obtained from the chalk
beneath the Londonclay generally contains little
or no lime at ail, but a notable proportion of
sodium carbonate, and is specially well adapted
for brewing porter and coloured beers, as well as
for distilleries. For distillery brewing a pure
and soft water supply, although désirable, is by
no means such a sine quâ non as for beet
brewing, and it is within the knowledge of the
writer that one of the largest and most suc-
cessful distilleries employs highly-contaminated
and brackish river water which would be utterly
unfit for use in a brewery. For use in bakeries,
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the rater should be in ail respects of the same
degree of purity as is demanded for drinking
parposes.

For influence of water on brewing and dis-
tilling, v. also Lintner, Bierbrauerei ; Griess-
mayer, Bierbrauerei ; Stammer, Die Brannt-
«inbrennerei ; Mârcker, Spiritusfabrikation ;
taer, Zeitseh. f. angewandte Chem. 1890,410;
and Fischer, Technologie d. Wassers, and Das
Wasser, seine Verwendung, Reinigung and
Beurtheilung, Berlin, 1891.

(2) For the textile industries the water em¬
ployer! is often of the greatest conséquence.
Thus in bleaching and dyeing the presence of
iron and manganèse, even in very small quan¬
tités, is highly deleterious, giving rise to iron
and manganèse stains on the bleached goods,
and causing spots and modifications in the
stades of dyed materials. Hard water, again,
involves the use of larger quantifies of alkali
and soap in the several opérations of boaking,
scouring, and milling, and the insoluble lime-
soap is left adhering to the fibre, often prevent-
ing the subséquent application of mordant or
dye. In those opérations, again, in which dyed
Isbrics are soaped, the lime-soap often injures
the brilliancy of the colour, whilst in other
tases the earthy soaps precipitated on the fibre
act as mordants, and attract the colouring
matters on those parts of the goods where it is
notwished to fix them. In général, hard water
lias the effect of dulling many colours, and if
due to bicarbonates retards, or even prevents,
the dyeing of such colours as require an acid
bath (e.j. cochineal scarlet). In some cases hard
mter containing bicarbonates wastes the mor¬
dants by précipitation in the bath instead of on
the fibre, whilst it is sometimes actually béné¬
ficiai for the washing of goods which have been
mordanted with basic mordants. Such water is
nnsuitable for the solution of many coal-tar
colours—e.gr. methyl violet—a portion of the
latter being lost as a tarry precipitate, whilst
the goods are often spotted. For dyeing with
some colours—e.g. alizarin and logwood—the
presence of a certain amount of lime is almost
indispensable ; a pure water to which a known
quantity of lime-salt has been added is, how-
erer, préférable to a naturally hard water, espe-
cially if the latter is of variable composition.
Water containing alkaline carbonates is some¬
times advantageous, e.g. in wool-scouring, and
in those dyeing opérations in which the addition
of sodium carbonate is prescribed ; but in mor-
danting, in the dyeing with many colours, and
in the washing of dyed goods, it is often very
prejudicial ; in these cases it should be neu-
tralised with sulphuric or acetic acid. Acid
ivaters are generally highly injurious, and should
be neutralised with sodium carbonate. Sul-
phuretted hydrogen in water is also very objec-
tionable in many opérations of dyeing, more
especially in mordanting with metallic salts
iHummel, Dyeing of Textile Fabrics). For the
manufacture of paper, water containing iron is
highly objectionable, giving rise to stains, whilst
the presence of hardness is objectionable in
causing the décomposition of the rosin-soap.

(3) For tanning, pure water is also a de¬
sideratum. Water much contaminated with
organic matter causes injury to the surface of

Voi. III.—T

the leather, and sometimes a corrosion from the
flesh-side of the skin. Water containing car-
bonic acid, or the bicarbonates, or calcium and
magnésium sulphates, causes the hides to swell,
whilst the chlorides prevent the swelling, and
hence sea water cannot be employed for the
purpose. Hard water occasions a less perfect
utilisation of the tanning materials, and an
excess of chlorides retards the tanning proeess
and causes the leather to attract moisture ; the
presence of iron is not so objectionable as is
commonly supposed (Fischer, Das Wasser, 49-
51).

(4) In sttgar-refining, the sulphates and
alkaline carbonates are more productive of
molasses than the chlorides, whilst nitrates are

specially objectionable, as they prevent the
crystallisation of six times their weight of
sugar (Fischer, Technologie d. Wassers, p.
286).

Purification of water for industrial purposes.
As already pointed out, some substances,

although unobjectionable in drinking water,
operate prejudicially when the water is em¬
ployed for many industrial purposes, and
numerous methods have been devised for re-

moving these impurities or for counteracting
their effects. Amongst the erudest and most
unsatisfactory of these endeavours is the use of
anti-incrustators for steam boilers, to which re-
ference has been already made. But few methods
of purification have found favour in actual
practice, and to these alone will any attention
be given here. The processes which have for
their object the removal of matters in suspen¬
sion and organic substances have been already
described under Purification of drinking water
(v. p. 971), whilst the processes intended for
the improvement of industrial water supplies
are ehiefly directed to the removal of lime and
magnesia salts in solution, which, as has been
shown above, interfère with the success of so
many industrial opérations. This removal of
lime and magnesia salts is frequently spoken of
as ' water-softening,' in conséquence of the
water after such treatment requiring less soap
when used for washing purposes.

Purification with lime (Clark's proeess).
This beautiful method of purification was first
proposed by the late Dr. Clark, of Aberdeen, in
1841, and consists in the décomposition of the
bicarbonate of lime or ' temporary hardness ' of
water by the addition of a suitable quantity of
slaked lime, according to the équation

CaH,(COs)? + Ca(OH)s= 2CaCO„ + 2H20.
Calcium bicarbonate Calcium carbonate

Thus both the lime in solution as bicarbonate
as well as that added in the form of hydrate
are precipitated as normal carbonate, which is
almost quite insoluble in water. The calcium
hydrate is sometimes added in the form of milk
of lime, sometimes in that of clear lime-water,
but the latter is far préférable, as the quantity
added can be more easily controlled and an
excess avoided. The necessary quantity of
calcium hydrate is most easily ascertained by
adding such an amount that, after thorough
mixing, a small quantity of the water taken out
yields a yellow or brown colour with a solution
of silver nitrate, thus indicating that an excess
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of calcium hydrate is présent; more water is
then added, until, on similarly testing, no eoloura-
tion with the silver nitrate is obtained. This
test should invariably be resorted to even in
the case of such waters as are of very constant
composition, and which, therefore, admit of the
lime being proportioned by experience, as other-
wise an excess or deficiency of lime is nearly
sure to resuit. In its original form the Clark
proeess is carried out in large tanks in which
the water can remain at perfect rest for abont
sixteen hours, although by the use of a floating
exit-pipe the clear surface water can often be
drawn off after two or three hours, and before
the whole of the precipitate lias reached the
bottom. This method has been most suecess-

fully employed on a large scale at the Colne
Valley Watenvorks, near Bushey, at Canter-
bury, Caterham, and many other places on a
small scale. The ' temporary hardness ' only is,
of course, removed, and even this not com-

pletely, as under the most favourable circum-
stances a small proportion of calcium carbonate
remains in solution, whilst in the case of waters
containing bicarbonate of magnesia the re-
moval of the latter is generally far less com¬
plété (v. analyses, p. 969). In addition to these
bicarbonates, the salts of iron and much organie
matter are also removed.

In order to obviate the large amount of
storage capacity required for Clark's proeess,
several modifications have been introduced,
in which the precipitate formed by the treat-
ment with lime is either removed by filtration
or made to rapidiy subside by artificial means.
The most notable of these improved processes
are the so-called ' Porter-Clark,' in which the
precipitate is removed with a filter-press, and
Gaillet and Huet's proeess, in which subsidence
is promoted by causing the water to take a cir-
cuitous zig-zag andupwardpath after the addition
of the lime. In this latter proeess both lime
and caustic soda are frequently employed in
eonjunction as the softening agents ; in this
manner both ' temporary ' and ' permanent '
hardness can be, to a great extent, removed,
thus :

CaH2(C03)2 + 2NaOH = CaC03 + Na„C03 + 2H20
CaS04 + Na,C03 = CaCÔ3 + Nâ2SÔ4.

In the table on p. 969 will be found the
analytical results obtained by the writer in his
examination of the water supplies of Welling-
borough, Southampton, London (New River
Company), and St. Helens before and after
softening with lime, as well as of the water of
a deep well at Victoria Dock, London, before
and after treatment by Gaillet and Huet's
proeess.

Magnesia has also sometimes been employed
to a limited extent for softening instead of lime.
Under these circumstances the following re¬
actions may take place, especially if beat is
applied :

CaH„(COa)„ + MgO = CaC03 + MgCOs + OR.
MgCOj +■ CaS04 = CaC03 + MgS04
MgCÔ3 + CaCl2 = CaC03 ♦ MgCl2

(Fischer, Chem. Teehnol. d. Wassers, Bruns¬
wick, 1880, 264).

The formation of magnésium ehloride is ob-
viously disadvantageous for boiler purposes.

A number of other processes of chemical
purification have from time to time been sug-
gested, but none of them have met with any
great success. Thus attempts have been made
to utilise the following reactions ;

CaH2(C03)2 + Ba(OH), = CaC03 + BaC03+20E,
CaS04 + Ba(OH)2 = BaSÔ4 + Ca(OH).

CaS04 + BaCls = BaS04 e CaCl,
CaHTCOJ™ + Cn04Na2 = C„04Ca + Na»H2(C01"l '

Sodium Calcium SodU
oxalate oxalate bicarbonate

CaS04 + C204Na2= C„O4Ca + Na,S0(
CaCl2 + C204Na2 = C204Ca + 2NaCl

CaH2(C03)2 + 2HC1 = CaC], + 2COs + 20H,
For the effect of softening processes on the

bacteria in water, v. p. 973.
The action of water on lead, zinc, andcopptr.

The action of water on these metals, and
especially on lead, is of great importance in con¬
nection with the distribution and storage of
water. The Bomans already employed leaden
pipes, and Vitruvius and Galen were aware that
some waters were thereby rendered deleterious.
On the other hand, some waters have so little
action on lead that pipes of this inaterial have
been in use for upwards of 200 years without
showing any trace of corrosion (Fischer, Techno¬
logie d. Wassers, 317). As to the cause of this
great différence in the behaviour of waters to-
wards lead, the most varied opinions have from
time to time been expressed, nor is there even
now any great unanimity on the subject. As a
général rule, hard waters, and more especially
those containing bicarbonates, do not act on
lead ; the greater number of active waters are
soft, and generally entirely destitute of bicarbon¬
ates, but by no means ail such waters act on
lead. The activity has been ascribed by différ¬
ent authorities to the presence or absence of a
great variety of ingrédients in the water—e.j.
the presence of dissolved air (Yorke), ammoninm
nitrite (Medlock), ammonium carbonate (Bôtt-
cher). Some have contended that organie mot-
ters diminish the activity (Horsford), others
that they increase it (Hofmann, Graham, Miller,
and Noad). The latter authorities are of opinion
also that the presence of dissolved oxygen and the
absence of more than three volumes of carbonic
anhydride in 100 vols, of water are amongst the
conditions necessary for the attack upon lead.
It has also been contended that a minute pro¬
portion of phosphate of lime prevents a soit
water from attacking lead (Kiv. Pollut. Commis;.
6th Bep. 224), whilst according to others, again,
the protecting ingrédient is silica (Crooke;,
Odling, and Tidy, Report on the Action of Water
on Lead, London, 1886). In many cases the
activity of the water is due to the presence ol
organie acids (Allen), this being doubtless a
fruitful cause of moorland waters acting on lead
The activity of many waters is confined to neir
untarnished lead, whilst others continue to act,
sometimes with increased vigour, on the old an!
tarnished métal (P. F. Frankland, The Action of
Water on Lead, S. C. I. 1889, 241).

Numerous expédients have been resorted to
in order to destroy this activity of some soft
waters. When acidity is the presumable cause
the most obvious remedy is the filtration of tire
water through finely-divided limestone ; in prac-
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lice, however, this is found to be o'nly of tem-
jiorary service, as the surfaces of the limestone
become coated with a film which prevents their
being further àcted on by the water. It has been
found more effective to continuously mix the
rater with a milk of finely divided carbonate of
lime, and allowing this to subside before the water
is distributed. The writer has found a most effi-
eient method of dealing with active waters to be
the addition of a small proportion of carbonate
of soda (le.). It is obvious from liis experi-
ments, moreover, that the activity of some
moorland waters is not occasioned by acidity at
al], and that in ail probability in such cases it is
due to the particular kind of organie matter
présent, the lead-dissolving properties of which
are not overcome until a certain excess of the
sodium carbonate has been added. With a view
of communicating silica to the water, Crookes,
Odling, and Tidy (l.c.) have employed filtration
through a composite filter, consisting of 2 feet
sand at the top, followed by 1 feet 3 inches
broken flints in the middle, and 1 foot 3 inches
of limestone at the bottom, the activity of the
rater being thereby very considerably diminished ;
it is doubtful whether, however, the efficiency of
such filters can be maintained without fréquent
renewal. In carrying out similar filtration the
irriter has been able to confirm the marked
réduction in the activity of the water, but hehas
found the proportion of silica to be hardly in-
inenced by the filtration. From wliat has been
aid above, it is obvious that although the
àemical composition of a water may indicate
the probability or improbability of its acting on
lead, recourse should invariably be had to actual
esperiment in order to finally détermine this
point, whilst the seasonal variations in the cha-
raeter of surface waters should also be duly
taken into considération in such investigations.
Eiperience has also shown that some waters act
powerfully on lead when the pipes are charged
iatermittently, whilst the action becomes very
muchdiminished if they are keptunder constant
pressure. The effect of pressure on the activity
ought, therefore, always to be specially deter-
mined (P. F. Frankland, S. C. I. 1889).

Some polluted waters have a very strong and
eontinued action on lead (Riv. Pollut. Commiss.
tth Hep. 226), and in such cases the obvious
remedy is the abandonment of the source.

It is wovthy of note that liot water generally
ictsmuch more violently on lead than cold, and
further that the lead dissolved in water is en-

îirely removed by passage through any of the
oumerous forms of animal charcoal filters.

As regards the quantity of lead in water
from which danger to health is to be appre-
liended, it is now generally admitted that water
tontaining anything above one-twentieth grain
of lead per gallon, or -07 part per 100,000, may,
by eontinued use, produce mischief.

01 the action of water on zinc but little is
taora beyond the fact that many waters do act
on it, and that it is therefore not to be reeom-
mended for the construction of cisterns &c. in
which drinking water is to be stored. The solu¬
tion of the zinc takes place with spécial facility
if metallic iron is also in contact with it (Heaton,
C. N. 49, 85 ; P. F. Frankland, ibid. 115 ;
Stevenson, ibid. 107).

Copper appears to be continuously actcd on
by water, especially if simultaneously in contact
with air, and hence should not be used in con¬
nection with drinking water.

The Chemical Analysis of Watee.

As the qualitative analysis of the ingrédients
of water is of no practieal importance, and in¬
volves no spécial methods, the quantitative ex-
amination will alone be considered here. In
order that the analysis may be of any value,
especially for sanitary purposes, it is of the
greatest importance that the samples should
have been collected with care, and to this end
the following instructions should be adhered to.

Instructions for the Collection of Samples.
1. Stoppered glass bottles of the kind techni-

cally known as ' Winchester quarts,' and pro¬
curable from any druggist, should be used for
this purpose. These bottles hold about two
impérial quarts, and must be perfectly clean ; it
is desirablcthat they should not have been pre-
viously used for any other purpose.

Waters for analysis must not be put into
stoneware jars. Corks should also be avoided if
possible, but if used they ought to be quite new
and well washed with the water before insertion
into the bottle.

2. Before collecting the sample, rinse the
bottle well three times with the water, filling it
each time about one-third full. Then fill it
to within half-an-inch of the stopper, tie the
stopper tightly down with a pieee of calico over
it, and seal the string.

If the sample be taken from a well with a
pump fixed in it, pump about four gallons of
water before filling the bottle ; then pump the
water direotly from the spout of the pump into
the bottle.

If the sample be taken from a tap, let a
couple of gallons flow before filling the bottle,
then allow the water to flow directly into the
bottle from the tap.

If the sample be intended to represent the
water supply of a town, it ought to be taken
from a pipe in direct communication with the
street main, and not from a cistern or from any
pipe supplied from a cistern.

In taking a sample of water from a tank
well (in which a pump is not fixed), or stream,
plunge the neck of the bottle completely below
the surface when practicable ; and if a can or
dipper be used, let it and the string used in
drawing it up be scrupulously clean, and avoid,
as much as possible, collecting the water from
the surface. On the other hand, be careful not
to disturb any mud or sédiment at the bottom of
the water.

3. The following are the minimum quantities
of water necessary for such analyses as are re-
quired for sanitary purposes :—

Sewage. "1
Polluted rivers and ! One Winchester

streams. ( quart.
Shallow well waters. j
Deep wells. "1
Ordinary unpolluted [ Two Winchester

rivers, streams, and f quarts,
springs. J
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Lakes and tarns. "1 .... ,

Mountain springs and lThree Winchester
streams. J quai s.

At the time the samples are forwarded for
analysis, give the following particulars :—

(a) From what source the samples are col-
lected—wells, rivers, or streams.

If from wells,
(b) Describe the soil and subsoil, and also

the water-bearing stratum into whieh the well is
sunk.

(c) The diameter and depth of well.
(d) The distance of the well from either

cesspools or drains.
If from rivers or streams,
(c) State the distance from the source to the

point at which the sample is collected.
(/) State whether sewage or other animal-

polluting matter is known to gain access to the
river or stream above the point at which the
sample is collected.

If from springs,
(g) Describe the stratum from which tho

spring issues.
(h) State whether the sample is taken direct

from the spring or otherwise.
Suspended matter. The suspended matter,

if considérable in amount, should be sepa-
rately determined, but if only présent in mi¬
nute quantity it is advisable to regard it as
part of the dissolved matter, in which case
it is necessary that the sample should be
well shaken before taking out each portion
for analysis, so that the suspended par-
ticles may be uniformly distributed. If it is
decided to détermine the suspended matter
separately, the sample should be well shaken,
and 250 or 500 c.c. measured out and passed
through a filter previously dried, and weighed at
100°C. The matter on the filter is washed with
distilled water, and dried at 100°C. until of con¬
stant weight. Some analysts prefer to dry at
105°, 110°, or even 120°C., but in ail cases the
température should be specified. The filter and
its contents are then incinerated in a coil of
platinum wire and dropped into a weighed pla-
tinum crucible, gently ignited until free from
organic matter, and then treated with a few
drops of a solution of ammonium carbonate,
and dried at 150°C. The loss in weight repre-
sents organic matter and water of hydration.
It is sometimes of importance to détermine the
proportion of carbon to nitrogen in the organic
part of the suspended matter. For this purpose
some of the suspended matter is collected on an
ignited plug of asbestos or glass wool, transferred
to a small flask, and boiled with 20 c.c. of sul-
phurous acid and some distilled water free from
ammonia and organic matter, and then further
treated, as in the détermination of organic carbon
and nitrogen, by the combustion process (v.
p. 98(1). If the suspended matter lias been
thus separately determined, the remainder of the
analysis should be performed on the water, after
filtration through Swedish paper, rejecting the
first 250 c.c. which pass through, or if the sus¬
pended matter completely settles on standing
the clear water may be siphoned oiï. The sus¬
pended matter may, of course, in exceptional
cases also have to be submitted to a complété

minerai analysis, or examine! for some specid
ingrédient.

Matteks in Solution.

Total solids. 250 or 500 c.c. of thewato
are evaporated to dryness in a weighed platinum
dish on a water- or steam-bath, the dishbein;
supported on a glass or porcelain, but not ou a
metallic, ring. The dish and residue are then
dried until constant at 100°, 105°, 110°, 120°,«
even at 180°C. Some analysts further déter¬
mine the loss after ignition and subséquent
treatment with ammonium carbonate. There
is, however, but little value in this détermina¬
tion, which atïords only the very crudest indica¬
tion of the amount of organic matter; indeed,
some water residues aetuallv increase in weight
after ignition. The residue obtained as abore
may be further conveniently utilised for ths
détermination of nitrates and nitrites by tfc
mercury method (v. infra).

Ammonia. A measured volume of the water

(varying from 100-1000 c.c., according to the
proportion of ammonia présent) is distilled in
a capacious flask or retort connecte! with a
Liebig's condenser, about 1 grm. of recentl;
ignited sodium carbonate liaving been previou-h
added. It is essential that the whole appantu
should have been carefully freed from ammonia
immediately before use, which can be done bj
similarly distilling some water in the apparats
until the distillate gives no reaction with Nessler
solution. The remainder of the water in the iast
or retort is then thrown away, and the measurd
quantity of the sample under exammation in-
troduced along with the sodium carbonate. The
distillation should be carried on briskly, and the
distillate collected in colourless glass cylinders
of 50 c.c. capacity. If less than 500 c.c. bas
been used, this volume should be made np with
distilled water free from ammonia before distil¬
lation. If the quantity of water has been well
chosen, the whole of the ammonia will be found
in the first three cylinders of the distillate,
whilst in most cases it will be ail containedin
the first. The quantity of ammonia in each
cylinder is estimated by adding 1 c.c. of Nessler
solution, and comparing the colouration obtained
with that similarly produced by known quanti-
ties of a standard solution of ammonium chloride,
added to 50 c.c. of distilled water free from
ammonia. The Nessler reaction is so délicats
that by its means 1 part of NH3 in 100,000,000
parts of water can be easily detected. The
colour produced by more than 10-15 c.c. of s
solution of NH,C1 (containing -00001 grm. NH,
per litre) is too deep for accurate comparison,
and should one of the cylinders require more
than this the détermination must be repeatel
on a smaller volume of water. This may be
generally avoided, however, by adding tle
Nessler solution to the second and third cy¬
linders of distillate before the first, and if it is
found that the second cylinder gives a colour
requiring more than 5 c.c. of the above solution
of ammonium chloride for its imitation the fini
cylinder should be diluted, and an aliquot pan
taken for testing with the Nessler.

The Nessler solution is prepared by dissolv-
ing 62-5 grms. of potassium iodide in 250 c.c. of
distilled water ; set aside 10 c.c. of this, and run
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into the remainder a cold saturated solution of
mercuric chloride until a permanent precipitate
is formed, then add the above 10 c.c. of potas¬
sium iodide, which will cause its solution, after
whieh very carefully add more of the mer¬
curic chloride until a slight precipitate re-
mains on stirring. Now add 150 grms. of
potassium hydrate dissolved in distilled water,
and dilute the whole to 1,000 c.o. After
settling, decant the clear liquid into a bottle
for use.

For modifications (Miller, Flcck, Tromsdorff,
Heliner) of the above method, v. ' Untersuchung
d. Wassers,' Tiemann and Gartner, Biaun-
schweig, 1889.

As the ' albuminoid ammonia ' is commonly
determined in one opération with the ' free '
ammonia, the method of estimating the former
will be now described, instead of consider-
ing it under the methods for determining
organic matter, where it more properly be-
longs.

'Albuminoid ammonia ' process. Whilst the
détermination of the free ammonia is being pro-
ceeded with as above, the solution of alkaline
permanganate must be prepared for this process,
as it is required immediately the free ammonia
lias passed over. The volume of the alkaline
permanganate (for préparation v. below) taken
must be at least one-tenth of the volume of the
sample being distilled for ammonia, and it should
not exceed that volume unless the water contains
a very large amount of organic matter. The
alkaline permanganate taken is then diluted with
four times its volume of distilled water, and
boiled in a flask during the whole of the time
that the distillation for free ammonia is going
on as above, and when the latter is finished it is
added to the water remaining in the distilling
flask or retort (the whole volume in this must
now be not less than 500 c.c.), and distillation is
then continued until the distillate is free from
ammonia. The distillate is colleeted and Ness-

lerised, as in the détermination of free ammonia
above. The ammonia thus evolved by distilla¬
tion with alkaline permanganate is generally
recorded as 'albuminoid ammonia' (v. p. 988).
The alkaline permanganate solution is prepared
by dissolving 200 grms. of potassium hydrate
and 8 grms. of pure potassium permanganate in
1,100 c.c. of distilled water, then boiling the
solution rapidly until concentrated to about
1,000 c.c.

Chlorine. (a) Mohr's method. 50 or 100
o.c. of water are treated with a few drops of a
solution of potassium chromate, and a standard
solution of silver nitrate is then run in from a

burette until the precipitate beeomes of a faint
but distinctly red colour. The water must be
well agitated after eaeh addition of the nitrate,
the reaction depending upon the décomposition
of the red silver chromate by dissolved chlorides
with formation of silver chloride and soluble
chromate. As soon as the last trace of chloride
is precipitated as silver chloride, the red colour
of the silver chromate makes its appearanee.
By using a solution of silver nitrate containing
2-3944 grms. per litre, the number of c.c. em-
ployed gives at once (if 50 c.c. of water bave
been taken) the parts of Cl per 100,000, whilst
if 100 c.c. of water are taken the silver

nitrate solution should be of double this
strength.

Mohr's method eannot be employed if the
water is acid, and if this is the case a given
volume of the water should be boiled with an

excess of pure calcium carbonate (free from
chlorides), fîltered, the filtrate made up to
known volume, and the chlorine determined in
a part of this. In the presence of reducing sub¬
stances, much organic matter, sulphuretted
hydrogen, and sulphites, the method is also in¬
applicable, and in such cases it is désirable to
détermine the chlorine gravimetrically, which
should also be done if the proportion of chlorine
is large.

(6) Volhard's method. 50 or 100 c.c. of the
water are treated with an excess of decinormal
silver nitrate, the mixture being well agitated so
as to cause the silver chloride to settle in flakes ;
then about ten drops of a cold saturated solu¬
tion of iron-alum are added, and subsequently
enough strong nitric acid (free from nitrous
acid) to remove the colour of the ferrie sait.
Decinormal ammonium sulphocyanate is then
added from a burette, stirring well ail the time,
until the liquid acquires a light-yellow brown
colour, which remains permanent on leaving
the liquid at rest for about ten minutes. By
deducting the number of c.c.'s of sulphocyanate
from that of the silver nitrate added, the re¬

maining silver nitrate indicates the proportion
of chlorine présent in the water. The advantage
of this method consists in its being applicable
to acid liquida. The method dépends upon
there being no formation of red ferrie sulpho¬
cyanate until the whole of the silver in solution
has been precipitated as sulphocyanate (A.
190, 24).

Nitrogen as nitrates and nitrites. A number
of différent methods have been devised for the
détermination of oxidised nitrogen ; there are,
however, only a few which have been largely
adopted in practice, and such alone will be
described here.

(a) Crum's method. This dépends on the
décomposition which nitrates and nitrites un-
dergo when dissolved in strong sulphuric acid on
being shaken up with mercury, and which leads to
the évolution of the whole of the nitrogen as nitric
oxide, the volume of whieh is then determined.
The residue obtained in the estimation of the
total solids (see p. 980) may be conveniently
used for this détermination also. This residue
in the platinum or glass dish is repeatedly
treated with a very small quantity of hot dis¬
tilled water, which is brought into thorough
contact with the residue by detaching the latter
with a small glass rod covered with a piece of
india-rubber. The aqueous extraets, which
should in ail not exceed about 10 c.c., are
passed through a small filter and colleeted in a
little beaker. This aqueous extraet, containing
ail the soluble salts in the water residue, is
evaporated nearly to dryness on a water-bath,
after which it is dissolved again in a minimum
quantity (1 or 2 c.c.) of water, and introduced
into a Lunge nitrometer (Berliner Berichte, xi.
434) ; the beaker is repeatedly rinsed with a few
drops of hot water, and these rinsings added to
the nitrometer. The beaker is then further
rinsed with pure strong sulphuric acid (free
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from oxides of nitrogen), and this also is trans¬
ferred to the nitrometer. About H volumes of
sulphuric acid must in ail be used to 1 volume
of aqueous extract. If the water contains
soluble carbonates there will be an évolution of
carbonic anhydride when the sulphuric acid
mixes with the aqueous extract ; the gas should
be allowed to collect without shaking the tube,
and should then be expelled. The contents of
the nitrometer tube are now violently agitated
with the mercury, and then in the course of a
minute or so the évolution of nitric oxide will
commence, and the agitation should be eon-
tinued as long as any gas continues to corne off.
If the water contains a considérable quantity of
clilôrides some hydrochloric acid may have been
given off along with the nitric oxide, but this
may be removed by admitting a little water
into the nitrometer. When the gas has cooled
to the température of the air, its volume is
measured at atmospheric pressure. The déter¬
mination is rendered more accurate, especially if
the quantity of nitrates and nitrites is only
small, by measuring the nitric oxide in Frank-
land's gas apparatus, in which case the décom¬
position with mercury and sulphuric acid is
effected in a small tube standing in a mercury
trough, the evolved nitric oxide being then
transferred to the gas apparatus (v. Frank-
land's Water Analysis, or Agricultural Chemi¬
cal Analysis, P. F. Frankland ; also S. C. I.
1868, 106, or Sutton's Yolumetric Analysis).
This method, which is by far the most con-
venient for ordinary water analysis, becomes
inapplicable in the presence of very large
quantifies either of organic matter or of
chlorides.

(b) Methods of Schulze-Tiemann, and of
Schliising-Beichardt, dépend upon the décom¬
position of nitrate and nitrites by ferrous chloride
and hydrochloric acid, and the measurement
of the evolved nitric oxide. Of these methods,
which closely resemble eaeh other, the former,
as the more convenient, need be alone con-
sidered here.

100-500 e.c. of the water are concentrated
by evaporation to about 50 e.c., which are then
introduced into a flask of about 150 c.c. eapa-
city, provided with an india-rubber stopper, per-
forated by two narrow pièces of glass tubing, of
which one (a) extends about an inch into the
flask, and is constricted below, whilst the other
(b) only just penetrates the stopper ; the tube
(b) is externally connected by means of a short
piece of india-rubber tubing provided with a
pinch-cock, with a delivery tube dipping into a
trough containing 10 p.c. caustic soda solution
previously boiled to expel air. The tube (a) is
also connected with india-rubber and pinch-cock
to another piece of glass tubing, which is allowed
to hang vertieally downwards. The water in
the flask is vigorously boiled with the pinch-
cocks open until the air is completely expelled
by the steam, then the pinch-cock on (b) is
closed whilst that on (a) is left open until the
volume of water in the flask is reduced to about

,10 c.c. ; this pinch-cock is then also closed, and
the flame removed from beneaththe flask. The
glass tube attached to (a) is carefully filled with
water up to the pinch-cock; 15-20 c.c. of a
saturated solution of ferrous chloride are intro¬

duced into the flask, in which there is nws
partial vacuum, by siplioning from a sut,
beaker through (a), the pinch-cock beingt®.
porarily opened, and about an equal quantityo:
strong hydrochloric acid is made to follmb
the same manner into the flask. The flask I;
now carefully heated, and when the interui!
pressure rises the pinch-cock on (b) is opened,
and the evolved gas allowed to pass through fc
delivery tube into a measuring tube filled «il
the 10 p.c. caustic soda solution standing inthe
trough. The heating of the flask is continuel
until the volume of gas in the measuring taie
ceases to increase. The measuring tube i;
transferred to a tall glass cylinder full i
water, and after the gas has fallen to the ta.
perature of the room the volume is measmei
at the atmospheric pressure, a correction beii>
of course made for the tension of aqueons
vapour.

This method is specially applicable in fc
case of water containing excessive quantifie
of organic matter and chlorides (B. B. 1873,
1041 ; Tiemann and Gartner's Untersuctaij
d. Wassers, 170).

For Schlôsing-Eeichardt's method, v. Zeitsct,
f. analyt. Chem. 1870, 24, or Tiemann andGâit
ner's Untersuch. d. Wassers, 175.

(c) The aluminium and zinc-copper cobjJi
methods dépend upon the conversion by nasceni
hydrogen of the oxidised nitrogen in the wita
into ammonia, and estimation of the latter bj
Nessler solution.

Aluminium method. 100 c.c. of the water
are introduced into a flask together with 10t,t
of caustic soda solution free from nitrates mi
nitrites, the mixture being boiled until it is rt-
duced to about one-fourth of its volume. It is
then diluted to about its original bulk with fc-
tilled water free from ammonia, and a piece o!
aluminium foil, about two inches square ai
wrapped round a piece of glass rod, is droppel
into the flask, which is then fitted with a stoppe:
and small U -tube containing glass beads mot
tened with hydrochloric acid free from ammonis.
After the évolution of hydrogen has eontinuei
for about six hours, the glass beads andwashin»
of the (J-tube are transferred to the liquidinfc
flask, the latter is then attached to a Liebigl
condenser, and the ammonia determined by dis¬
tillation and Nesslerising in the ordinaryn;
(see p. 980). According to Tiemann and Gartner
(Untersuchung d. Wassers, 208), only the équiva¬
lent of 72-90 p.c. of the nitric acid is thus n-
covered as ammonia.

Zinc-copper couple method. The résidus
obtained in the détermination of ' total solids
is extracted with about 25 c.c. of hot distille:
water, and this is boiled down with a fragmeu
of recently-ignited pure lime about the sizeoi
a hemp-seed to one-fourth of its bulk. Ifc
liquid, together with the washings of the dis!
containing the residue, is transferred througb i
'stoppered funnel into an eight-ounce Wurtzfiasl
attached to a Liebig's condenser, and containin:
the requisite amount of the zinc-copper couple
The distillation is carried on until the greate:
part of the water has passed over, after whicl
hot distilled water is repeatedly run.intotb
flask and the distillation continued until abotf
100 c.c. of distillate have been collecte! ; tl
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latter is then Nesslerised in the ordinary way
(Thorpe, C. J. 1873,541). According to Tiemann
and Gartner, from 88-95 p.c. o£ the nitric acid
is thus obtained.

A rapid, method of estimating nitrates in
éater lias been reoently devised by Harrow (C. J.
1891,320), depending on the réduction to nitrite
by zinc-dust and estimation of the nitrous
acid by sulphanilic acid and a-naphthylamine
(Griess' test). This reagent is prepared by
dissolving 1 grm. of a-naphthylamine, 1 grm.
sulphanilic acid, and 25 c.e. strong hydro-
chloric acid in about 200 c.e. distilled water ;
boil ivith a small quantity of animal charcoal,
lilter, and make up to 500 c.e. The process is
condueted thus : 50 c.c. of the water are placed
in a beaker of 100 c.c. capacity, and in three
similar beakers 50 c.c. of three standard solu¬
tions of potassium nitrate, containing (1) T0
part N, (2) -1 part N, (3) -01 part N per 100,000 ;
to each beaker 10 c.c. of the above test-solution
are added, and afterwards a very small quantity
(7-8 milligrams) of zinc-dust. If nitrate is pré¬
sent in the water a pink colour appears, which
must be compared with that yielded by the
three standard solutions after fifteen minutes.
This gives an approximate idea of the amount
of nitrate présent, whilst in order to obtain an
accurate resuit the water must be diluted until
the colour produced is almost identical with
that given by one of the standards. The results
appear to be accurate, but it is especially
necessary to avoid the addition of large quanti¬
tés of zinc-dust, which would decolourise the
solution.

(d) The indigo method differs from those
previously described in being a simple volu-
metric method depending upon the decolour-
ising action of nitric acid on indigo solution.
The results are only accurate when the greatest
oniformity is preserved in the conditions under
which the experiments are made—the process is,
in fact, entirely empirical. It may be carried
out as follows : 25 c.c. of the water are mixed
with 50 c.c. of pure strong sulphuric acid ; a
dilute solution of indigo is then immediately
added from a burette, shaking the whole time,
until the solution acquires a bluish-green colour.
In a second experiment nearly the whole volume
of indigo which was found necessary in the first
experiment is added at once, and the blue
colour is then obtained by further small addi¬
tions, and iu this manner, by shortening the
time taken in the titration, a more accurate
resuit, generally higher than in the preliminary
experiment, is obtained. The solution of indigo
must be standardised under precisely similar
conditions by means of a solution of potassium
nitrate of known strength. The indigo solution
should be chosen of such strength that 6-8 c.c.
correspond to '001 grm. N205 ; and if 25 c.c. of
the water contains more than -003--004 grms.
N.Oj, it should be diluted before a final titration
is made. The method is only suitable for use
by an operator in continuai practiee (Marx, Fr.
1868,412; Trommsdorïf, ibid. 1870, 171; War-
ington, C. J. 1879, 578 ; Water Analysis, E.
Frankland, 31 ; Agricultural Chemical Analysis,
P. F. Frankland). The results are also interfered
with, becoming too low if there is a large
amount of organic matter in the water.

The methods described above do not distin-
guish between nitrous and nitric acids. Indeed,
the indigo method is altogether unreliable in the
presence of any notable proportion of nitrous
acid, as is also Crum's method, should it be
necessary to allow any carbonic anhydride to
escape before shaking with mercury (see p. 981).
As nitrous acid is, however, generally only pré¬
sent in natural waters in minute traces, these
diificulties do not frequently arise, and the
nitrous acid may be most conveniently esti-
mated by colorimetric methods, of which there
are several in vogue. Of these may be men-
tioned :

(a) Preusse-Tiemann's metliod, depending
upon the production of Bismarck brown when
an acid solution of a nitrite acts upon meta-
phenylenediamine. 100 c.c. of the. water are
placed in a colourless glass cylinder, 1 c.c. of
dilute sulphuric acid (1 : 3) is added, and then
1 c.c. of solution of m-phenylenediamine (5 grms.
in 1,000 c.c. distilled water, decolourised if neces¬

sary with animal charcoal) if the colour appears
in less than one or two minutes; the experiment
must be repeated with a smaller quantity of
water, in each case diluted, however, to 100 c.c.
The colouration is then imitated under precisely
similar conditions with a standard solution (the
standardisation can be efïected either by the
potassium permanganate, or, better, by the urea
method) of potassium or sodium nitrite. The
final tint is not arrived at until the mixture in
the glass cylinder has stood for twenty to twenty-
five minutes, which is the great drawback of the
process (B. B. 1878, 627 ; Water Analysis, E.
Frankland, 40 ; Agricult. Chem. Anal., P. F.
Frankland, 286 ; see also Warington, The Dé¬
tection of Nitric and Nitrous Acids, C. N. 51,
1885, 39).

For larger quantities of nitrous acid, as also
for the standardisation of solutions of sodium
and potassium nitrite, the urea method devised
by the writer is to be recommended (C. J. 1888,
364).

Hardness. The détermination of the hard-
ness of a water consists in empirically ascer-
taining the amount of soap which has to be
destroyed by a given volume of the water before
a lather can be obtained, and expressing this
in terms of the amount of carbonate of lime
which must be dissolved in the same volume
of water to destroy the same amount of soap.
Accurate results can only be obtained by pre-
serving uniformity in the conditions of experi¬
ment.

50 c.c. of the water are measured into an

8 oz. stoppered bottle, which is then violently
àgitated and the air sucked out by means of a
glass tube to remove any carbonic anhydride
which may be given off by the water. A stan¬
dard solution of soap (v. infra) is then added
in diminishing quantities not exceeding -5-T0 c.c.
at a time, even at the first, violently shaking
after each addition, until the frotb produced
remains unbroken over the surface for a

period of five minutes, when the bottle is
placed at rest on its side. The quantity of
carbonate of lime corresponding to the volume
of soap solution employed can then be ascer-
tained by reference to the following empirical
table ■ -
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Table of hardness in parts per 100,000, 50 c.c.
of water being used.

C.c. of
soap

solution

CaCO,
per

100,000

C.c. of
soap

solution

CaC03
per

100,000

C.c. of
soap

solution

CaC03
per

100,000

•7 •00 5-9 7-29 11-0 14-84
•8 ■16 6-0 •43 •1 15-00
•9 •32 •1 •57 •2 •16

10 •48 •2 •71 •3 •32
•1 •63 •3 •86 •4 •48
•2 •79 •4 8-00 •5 •63
•3 •95 •5 •14 •6 ■79
•4 1-11 •6 ■29 •7 •95
•5 •27 •7 •43 •8 10-11
•6 •43 •8 •57 •9 •27
•7 ■56 •9 •71 12-0 •43
•8 •69 7-0 •86 •1 ■59
•9 •82 •1 9-00 •2 •75

2-0 •95 •2 ■14 •3 •90
•1 2-08 •3 •29 •4 17-06
•2 ■21 •4 •43 •5 •22
•3 •34 •5 •57 •6 •38
•4 •47 •6 •71 •7 •54
•5 •60 •7 •86 •8 •70
•6 •73 •8 10-00 •9 •86
•7 •86 •9 •15 130 18-02
•8 •99 8-0 •30 •1 •17
•9 3-12 •1 •45 •2 •33

3-0 •25 •2 •60 •3 •49
•1 •38 •3 •75 •4 •65
•2 •51 •4 •90 •5 •81
•3 •64 •5 11-05 •0 •97
•4 '77 •6 •20 •7 19-13
•5 •90 •7 •35 •8 •29
•6 4-03 ■8 •50 •9 ■44
•7 •16 ■9 •65 14-0 •60
•8 •29 9-0 •80 •1 •76
•9 •43 •1 •95 •2 •92

4-0 •57 •2 12-11 •3 20-08
•1 •71 •3 •26 •4 •24
•2 •86 •4 •41 •5 •40
•3 5-00 ■5 ■56 •6 •56
•4 •14 •6 •71 •7 •71
•5 •29 •7 •86 •8 •87
•6 •43 •8 13-01 •9 21-03
•7 •57 •9 •16 150 •19
•8 •71 10-0 •31 •1 •35
■9 •86 •1 •46 •2 •51

5-0 6-00 •2 •61 •3 •68
•1 ■14 •3 •76 •4 •85
•2 •29 •4 •91 •5 22-02
•3 •43 •5 14-06 •6 •18
•4 •57 •6 •21 •7 •35
•5 •71 •7 •37 •8 •52
•0 •86 •8 •52 •9 •69
•7 7-00 •9 •68 10-0 •86
•8 •14

In performing the titration as above, the
experienced operator is guided by the ear as
well as by the eye, for the sound produced on
shaking serves to indicate how the reaction be-
tween the hardening constituents of the water
and the soap is progressing, for as this approaehes
completion the sound becomes softer, and when
an excess of soap has been added the agitation
is ail but noiseless.

In the case of waters requiring more than
16 c.c. of soap solution for the 50 c.c. of water,

it is necessary to take a smaller volume ol the
water and dilute to 50 c.c. with boiled distillel
water. The presence of magnesia salts is in.
dicated in the soap test by the formation ol i
characteristic light curd, and also by the préma¬
turé formation of a lather, which again disappear;
on the further addition of soap solution ail
shaking. If these signs are exhibited, onlysuti
a volume of the water should be taken as, rie!
diluted to 50 c.c., requires not more than 7 te.
of the soap solution ; indeed, it is a very good
practice to invariably dilute waters so that io;
more than 7 or 8 c.c. of soap solution are re-
quired. In the presence of magnesia salts the
results are always less accurate, and, unies»
great care is exercised, may becorne wide ol Un
truth.

Permanent hardness is the name given lo
that which persists after the water has been
boiled, that disappearing in this process being
known as the ' temporary ' hardness. The per-
manent hardness is most conveniently deter-
mined by taking a small ilask with a veryilmt
neck (the Erlenmeyer shape is very suitable),and
adding the water to it until a definite weight
(e.g. 250 grms.) has been made up. The water
is then maintained in gentle ebullition for
exactly half-an-hour, and, after cooling, the
weight is again made up to the original by the
addition of boiled distilled water, the soap titra¬
tion being then performed on a measuredportion
of this, as deseribed above.

Sorne analysts prefer to take a given volonté
of water and restore the volume after boiling,
then removing the precipitated carbonates of lime
and magnesia by passing through a dry filter.

The standard of soap solution is preparedas
follows. A cake of Castile soap is seraped with
a knife, and 4-5 grms. of the shavings are dis-
solved in 500 c.c. of a mixture of two vols, o!
methylated spirit with 1 vol. of distilled water.
Filter off the insoluble matter, and dilute the
soap solution with half its volume of ivater.
A portion of this solution is then further care-
fully diluted until 7'8 c.c. are required to iorm
a permanent lather with a mixture of 25 c.c. of
the standard calcium chloride solution (préparé!
by dissolving "2 grm. of Iceland spar in dilute
hydrochloric acid, and, after driving off excees
of acid on the water-bath, making up to l,000c.e.
with distilled water) and 25 c.c. of distilled water.

Poisonous metals. Of these the only ones
which are of practical importance in water
analysis are lead, zinc, copper, arsenic, and
barium. As they are generally présent in only
very minute proportions, it is necessary to evapo-
rate large volumes (5 litres and upwarda) «1
water in order to obtain gravimétrie détermi¬
nations in the ordinary way ; but the followia;
spécial methods may be generally employed.

For lead, take 100 c.c. of the water, acidulate
with a few drops of acetic acid, and then about
5 c.c. of a saturated solution of sulphuretted
hydrogen. The colour produced is imitated ky
adding a known quantity of a standard solution
of a lead sait to 100 c.c. of distilled water. Ere»
such small proportions as -03 part Pb per 100,000
should be invariably recorded. (For the star-
dard solution of lead, dissolve -1831 grm. crjs-
tallised normal lead acetate in 1,000 c.c. distilled
water; 1 c.c. = -0001 Pb.)
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For copper, the same colorimetric method
may be employed as for lead, using for com-
parison a solution of copper sulphate containing
•0001 grm. Cu in 1 c.c. ('3929 grm. crystallised
copper sulphate per litre). In the absence of
iron a very delicate colorimetric method may
be employed, based upon the reaction between
copper salts and potassium ferrocyanide, the
sater being acidulated with hydrochloric acid,
ihilst in the presence of iron the blue coloura-
tion produced by ammonia may be used.

The presence of zinc is generally indicated
by the graduai formation of a film of carbonate
on the surface of the water when the latter is
esposed to the air. Some of this film ignited
onplatinum foil should leave a residne, which
is yellow when hot and white on cooling. The
quantity of the zinc may be approximately de-
lermined, in the absence of other heavy metals,
by acidulating 100 c.c. of the water with dilute
hydrochloric acid, and then adding a solution
oi potassium ferrocyanide. The white turbidity
produced is then compared with that obtained
from a known quantity of a standard solution of
a zinc sait (Snyder, B. B. 1878, 939).

Arsenic is best detected and estimated by
Marsh's test ; 500 c.c. of the water are rendered
slightly alkaline with caustic soda or potash
free from arsenic, and evaporated to dryness.
The residue is extracted with strong hydro¬
chloric acid, and the liquid introduced into a
Marsh's apparatus. The gas is passed through
a small U-tihe containing pumice soaked in
solution of lead acetate, and then through a
piece of combustion tube constricted in the
middle, where it is heated to redness. The
passage of gas through the heated tube is con-
tinued for an hour, although nearly ail the
arsenic is liberated in five or ten minutes. The
metallic ring formed is compared with a num-
ber of standard rings similarly obtained with
known quantities of arsenic. A blank experi-
ment must invariably be performed previously,
to control the purity of the chemicals em¬
ployed.

Barium may be detected and detemiined by
concentrating a considérable volume of the
water, acidulating with hydrochloric acid, and
after filtering, if necessary, adding a solution of
calcium sulphate. The barium sulphate preei-
pitated is then collected and weighed in the
ordinary manner.

The colorimetric détermination of iron,
although not a poisonous métal, may be con-
veniently referred to at this place.

Iron can generally be estimated colorime-
trically by means of ferrocyanide or sulpho-
cyanate. Its détermination is frequently of
importance in waters used for industrial pur-
poses.

In the ferrocyanide method, the water resi¬
due is dissolved in hydrochloric acid and diluted
to 100 c.c. Of this 10 c.c. are transferred to a

100 c.c. cylinder; add 1 c.c. of strong nitric acid,
dilute to the 100 c.c., stir, and then add 1 c.c. of
potassium ferrocyanide solution and mix well.
The colour produced is compared with that ob¬
tained from a standard iron solution, but the
same quantity of nitric acid must be présent in
each case (Sutton, Volum. Analys. 6th ed. 194 ;
t. also Carter Bell, S. C. I. 8, 175).

In the sulphocyanate method, two 100 c.c.
cylinders are taken, and into each 5 c.c. of dilute
hydrochloric acid (1:5) and 5 c.c. of dilute
nitric acid (1: 5), together with 15 c.c. of sulpho¬
cyanate solution, are poured ; then introduce a
measured volume of the liquid to be tested into
the one cylinder, and after filling up botli
cylinders to the mark with distilled water,
imitate the red colour obtained with the liquid
under examination by running in a standard
solution of iron from a burette into the other
cylinder. In this way one part of iron is said
to be recognisable in fifty millions of water
(Thompson, C. J. 1885, 493).

Détermination of organic matter. A number
of processes have been devised for the détermi¬
nation either of the whole or part of the organic
substances présent in water. Of those which
lay elaim to discovering the whole of these
organic materials, none are entitled to any con¬
fidence, whilst even those which attempt to dé¬
termine a part, or to indirectly obtain a com¬
parative measure of the organic matter, are also
open to objections on the score of accuracy.
Only those methods more commonly in use by
water analysts will be described here.

(1) Methods depending on the réduction of
potassium permanganate.

(а) Kubel's process. In this the réduction is
effected in acid solution. 100 c.c. of the water
are placed in a flask of about 300 c.c. capacity
and treated with 5 c.c. dilute sulphuric acid
(1 :3), and then with such a quantity of stan¬
dard dilute permanganate (équivalent to centi-
normal oxalic acid) that the liquid is of a
strong red colour. The mixture is then boiled
for ten minutes, and the exeess of permanganate
added must be such that the colour is not dis-
charged in this opération. 10 c.c. of centi-
normal oxalic acid are now added, and into the
resulting colourless liquid standard perman¬
ganate is then run in untii a faint red colour is
obtained. The amount of oxygen consumed by
the organic matter in the water can then be
easily calculated.

(б) Schulze's process. In this the réduction
is commenced in an alkaline and completed in
an acid solution. 100 c.c. of the water are

placed in a flask of about 300 c.c. capacity,
•5 c.c. caustic soda solution (1: 2) are added, as
well as 10-15 c.c. of standard dilute perman¬
ganate (équivalent to centinormal oxalic acid).
The liquid is boiled for ten minutes, allowed to
cool to 50 or 60°C. and then 5 c.c. of dilute
sulphuric acid (1: 3) and 10 c.c. of centinormal
oxalic acid are added, the liquid being shaken
and gently warmed until the colour lias quite
disappeared. Then the standard dilute per¬
manganate is run in until a faint red colour,
remaining permanent for at least five minutes,
is obtained. The oxygen consumed by the
organic matter of the water is then easily
calculated.

(c) Forchhammer process. This resembles
Kubel's method, inasmuch as the réduction of
the permanganate is effected in an acid solu¬
tion, but the température employed, instead of
being defined, is the accidentai one of the air of
the laboratory.

Two flasks are carefully eleaned and into
one 250 c.c. of the water, into the other 250 c.c.
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of distîlled wàter, are introduced. To each 10
c.e. of dilute sulphuric aeid (1: 3) and 10 c.c. of
standard permanganate (containing -395 grm.
per litre or -001 grm. available oxygen in 10
c.c.) are added, and the mixture is allowed to
stand for three hours. At the end of this time
the excess of permanganate remaining is deter-
mined by adding two drops of potassium iodide
(1:10) to each flask, and then running in a
standard solution of sodium thiosulphate (1
grm. per litre) until the whole of the free iodine
is removed, a .drop of clear starch solution
being added at the close of the opération. The
amount of permanganate destroyed in the blank
expcrimënt must of course be deducted from
that destroyed in the case of the water, and
from the différence the oxygen consumed by
the organic matter of the water can be calcu-
lated (Tidy, C. J. 1879, 66).

It must be pointed out that in these several
rnethods depending on the réduction of perman¬
ganate, the results are only comparative for the
same kind of organic matter, a given weight of
organic carbon in différent kinds of water con-
suming différent quantities of oxygen from per¬
manganate under the same conditions. Thus
'it has been found that for surface waters, such
as those of the rivers Thames and Lea, by mul-
tiplying the oxygen consumed in the Forch-
liammer process by the factor 2'38, the propor¬
tion of organic carbon (as determined by com¬
bustion) is approximately obtained, whilst in
the case of deep well water the factor which
must be employed is 5-8 (Woodland Toms).

Again, ail these methods are affected by the
presence of nitrites, ferrous salts, and larger
quantities of ammonia compounds, ail of which
exercise a reducing action on permanganate,
lîy determining the nitrous acid, a correction
can be made for this, whilst the ferrous can gene-
rally be converted into ferrie iron by shaking
up the water several times in a half-filled bottle
previously to the oxidation with permanganate ;
and the error due to ammonium salts is so

small that it can generally be neglected (even
one part NHS per 100,000 has no appréciable
reducing effect) (Preusse and Tiemann, E. B.
12, 1906).

(2) Détermination of organic carbon by oxi¬
dation of organic matter with potassium dichro-
inate and sulphuric acid (Wolff, Degener, and
Herzfeld). 500-1,000 c.c. of the water are intro¬
duced into a capacious retort, the neck of which
is drawn out and bent downwards and is con-

nected with a Liebig's condenser. This arrange¬
ment enables the retort to be turned upwards
and the condenser downwards, thus preventing
any loss by spurting during distillation, which is
carried on until 250-700 c.c. (according to the
volume of water employed) have passed over.
The distillate is submitted to Kubel's method
(v. supra). to ascertain whether any volatile
organic matters are présent. Alkaline waters
should be saturated with earbonic anhydride,
and acid waters earefully neutralised with sodium
carbonate before the above distillation. The
water remaining in the retort is evaporated
down to 15 c.c. in a glass dish on a water-bath,
the access of dust being carefully avoided. This
concentrated liquid is introduced into a flask of
250-300 c.c. capaeity, and the dish and retort are

rinsed with 10 c.c. of dilute sulphuric acid (1:3),
these rinsings being also added to the water in
the flask. The décomposition of carbonates
caused by the addition of this acid is Completel
by heating to 50°C. and shaking, and the evolvel
carbonic anhydride completely displaced by air.
After cooling the flask and its contents, 10 grms.
of finely-powdered potassium dichromate are
added, and the flask is then attache! to the
remainder of the apparatus. An india-rubber
stopper with three holes is placed in the flask;
through one hole passes a thermometer dipping
into the liquid, through a second passes nearly
to the bottom of the flask the tube of a bulb-
funnel (a) provided with a stopeock, whilst
through the third passes the bent tube of an in-
verted Liebig's condenser (b). The upper ex-
tremity of the condenser (b) is connected with
two U -tubes (c and n) filled with fused calcium
chloride, whilst between these is a third jj-tuke
(f.) containing coarsely-powdered antimony. Of
these, o and d are intended to absorb the mois-
ture passing the condenser, and the intermediate
one, e, to retain any chlorine. Following on
these tubes, is a set of weighed potash-bulbs (f)
for the absorption of carbonic anhydride, and
these bulbs are, of course, protected from ingress
of air on the other side by rneans of a calcium
chloride tube, which can be attached to an as-

pirator at the close of the experiment. The
apparatus having been thus put together,
50-60 c.c. of diluted sulphuric acid (3:2) are
gradually added through the stoppered funnel (a).
During the first half-hour the température is
kept at 50-55°C., whilst during the second half-
hour it is gradually raised to boiling, which is
maintained fromfiveto ten minutes. Thenspira-
tor is then attached, the air which enters by the
funnel (a) having been previously freed from
carbonic anhydride by bubbling through caustic
potash. The increase in weight of the potash
bulbs (f) gives the weight of carbonic anhydride
evolved, from which the carbon itself can ke
easily ealculated (B. B. 1886, 2618; Tiemann-
Gartner, Untersucli. d. Wassers, 247).

For a somewhat similar method of deter¬
mining organic carbon in which permanganate
is used instead of dichromate, see Blair, Organic
Analysis of Potable Waters, Churchill, 1891,83.
Themethod appears worthy of more extendedtrial.

(3) Détermination of organic carbm mi
nitrogen by combustion, (a) Frankland mi
Armstrong's process (C. J. 6, 77). This method,
which is unquestionably the most rational and
exact, has been adopted to a comparativel;
limited extent by water analysts in conséquence
of the spécial apparatus and manipulative skill
which it entails. The method will be only de-
-scribed iu outline here, and for full partieulais
the reader is referred to Sutton's Volumetrie
Analysis, E. Frankland's Water Analysis, and
P. F. Frankland's Agrie. Chem. Analysis, whilst
for a critical survey of the methods employed in
the organic analysis of water he should notfail
to eonsult Mallet, Report of the United States
.National Board of Health, 1882.

The process is divisible into three parts:
(1) the evaporation of the water, (2) the prépara¬
tion and combustion of the residue thus oh-
tained, and (3) the measurement of the gases
evolved in the combustion.
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For tke evaporation, from 100 c.e. (in the
case o{ sewage and highly-polluted waters) to
1,000 c.c. (in the case of very pure waters) are
measureil into a clean fiask, 20 c.c. o£ a saturated
solution of sulphurous acid being added together
with a drop of a solution of ferrie chloride ; the
liquid is tken rapidly boiled for a few seconds.
This treatment secures the décomposition of car¬
bonates, nitrates, and nitrites, whilst any am-
monia is fixed by the sulphurous acid, and this
ammoniacal nitrogen, which has been previously
determined, must be dedueted from the total
amount of nitrogen obtained in the combustion.
The water is now rapidly cooled, and the evapo¬
ration commenced in an apparatus specially
designed for the purpose. This consists of a
nearly kemispherical glass dish about 4 inches
in diameter and without a lip. It is floated in a
shallow copper basin heated below by a water-
bath provided with constant feed, and on the
iange of this copper basin there rests a truncated
conical ring, constructed of lead or copper, and
about 3 inches in height, whilst upon a flange at
the top of this again rests a tall glass shade
about 12-18 inches in height. The water
for evaporation is placed in a flask which is
provided with a delivery tube of spécial con¬
struction ground on to its neck, and which
serves, when the flask is turned upside down,
to maintain tlie water at a constant level in
the glass dish in which the evaporation is pro-
ceeding, for this delivery tube is made to pass
through. a notch in the truncated conical métal
ring, just beneath the glass shade which the
thelatler supports, and delivers into the centre
of the glass dish within. In the writer's labora-
tory, the evaporation of 500 c.c. of water is
found to take from 10-12 hours. The evapora¬
tion should be continued until the residue is

quitedry, and if the water eontains only a small
amount of total solids it is advisable to add a

little ignited calcium phosphate to the dish
before commencing the evaporation. In the
analjsis of sewage, or waters containing mueh
ammonia and no nitrates or nitrites, it is advan-
tageous to use 10 c.e. of a solution of meta-
pliosphoric acid (1:10) instead of the sulphurous
acid, as ammonium phosphate loses mueh less
ammonia during evaporation than ammonium
sulphite. A little ignited calcium phosphate
should also be added to dry the residue in this
case. But if there are no nitrates and nitrites
and mueh ammonia, the more satisfactory, al-
though more laborious, plan is to use a little
ignited borax instead of the sulphurous or meta-
phosphoric acid. In this way the ammonia is
completely dissipated on evaporation, and as no
correction has, therefore, to be applied to the
organic nitrogen found, the resuit is more cor¬
rect. But as boric acid does not entirely décom¬
posé carbonates the aecuraey of the organic
Carbon found by this method may be seriously
affected, and it is advisable to make a separate
détermination of the carbon in a second experi-
rnent in which the sulphurous acid method is
employed. Unless this method be adopted the
results for organic nitrogen in the presence of
mueh ammonia are nearly sure to be highly in-
accmate.

If the water eontains more than -5 part per
100,000 of nitrogen as nitrates and nitrites, the

20 c.c. of sulphurous acid employed above may
not improbably prove insufficient for their com¬
plété destruction, and in the case of such waters
the residue in the dish should be further treated
with 10 c.c. of sulphurous acid, this evapo-
rated ofï, and if the amount of nitric or nitrous
nitrogen exceed 1 part per 100,000 this treat¬
ment of the residue with further quantifies of
sulphurous acid may be repeated twice or three
times to secure complété destruction of the
nitrates and nitrites.

The préparation and combustion of Vie
residue tlius obtained is efïected by thoroughly
mixing with the latter in the disli a small
quantity of finely divided and carefully ignited
copper oxide. This is then completely transferred
to a narrow piece of combustion tubing about
18 inches long and sealed at one extremity.
The dish is again rinsed with a little fine oxide,
and this also transferred to the tube. Coarse and
carefully ignited oxide of copper (preferably
from wire) is then introduced to a depth of
about 10 inches, whilst the fine oxide previously
introduced will occupy about 2 inches. Upon
the stratum of coarse oxide follows a copper
gauze cylinder 3 inches in length, and then
anothor layer of coarse oxide about 1 inch long.
The open extremity of the tube is now drawn
out over the blowpipe, so that it can be eon-
neeted with a Sprengel mereury pump. The
tube is completely exhausted, and the combus¬
tion performed in vacuo in the ordinary way, the
evolved gases being then drawn over by the pump
and collected in a test tube filled with mereury
and placed over the lower open extremity of the
fall tube in the trough below.

The volumetric measurement of the gases
(consisting of carbonic anhydride, nitrogen, and
possibly also nitric oxide and sulphurous anhy¬
dride) collected as above is carried out in the
Frankland gas apparatus, which admits of the
measurement of very minute quantifies of gas.
Three measurements only are necessary. In
the first place the gas is treated with a few drops
of a saturated solution of potassium dichromate
to absorb any sulphurous anhydride that may be
présent. The volume of the gas is then accu-
rately measured, after which it is treated with a
few drops of strong caustic potash, which rapidly
removes the carbonic anhydride, after which the
volume of the remaining gas is again carefully
ascertained. The residual gas now consists of
nitrogen, with possibly a little nitric oxide. It
is mixed with a bubble of pure oxygen in order
to couvert any nitric oxide into nitrous and
nitric acids, which are immediately absorbed by
the caustic potash présent, and then, on adding
a drop or two of solution of pyrogallic acid, the
excess of oxygen is absorbed and the remaining
gas, which consists of nitrogen, is carefully
measured. The diminution in volume efïected
by the caustic potash in the first instance
obviously represents the carbonic anhydride,
whilst the final volume of residual gas, together
with one-half of the contraction resulting from
the addition of oxygen and pyrogallic acid, re-
present the total volume of nitrogen. From
these volumes the weights of carbon and nitrogen
respectively can be easily calculated. As already
pointed out, if sulphurous or metaphosphorie
•acid has been used in the. evaporation, and
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ammonia is présent in tire water, the am¬
moniacal nitrogen (subject to an empirical cor¬
rection for loss of ammonia during evaporation)
has to be subtracted from the total nitrogen
found by combustion. A small correction (aseer-
tained by blank experiments made from time to
time with the reagents employed in the evapora¬
tion and combustion) has also to be applied to
the carbon and nitrogen thus determined.

For Dupré and Halce's method, in which the
organic carbon is determined by the combustion
of the water residue with oxide of copper in a
stream of oxygen, the carbonic anhydride being
absorbed by baryta water, and the barium car¬
bonate either weighed or estimated by the degree
of turbidity occasioned in the solution of baryta—
the organic nitrogen is not determined—see C. J.
1879, 159.

Dittmar and Robinson's method of deter-
mining organic carbon is essentially similar to
Dupré and Hake's. The gases proceeding from
the combustion tube are, however, first passed
through a U-tube eontaining a solution of
chromic acid in 60 p.c. sulphuric acid to absorb
moisture and sulphurous acid (the water is
evaporated with sulphurous acid for the pré¬
paration of the residue), the carbonic anhydride
being then absorbed in a weighed soda-lime
tube (C. N. 1877, vol. 36, 26). A method of
determining organic nitrogen has also been de-
vised by Dittmar and Robinson, and is described
below.

(4) Methods for détermination of organic
nitrogen only. Of these the most common one
in use is the well-known

(a) ' Albuminoid ammonia ' process of
Wanklyn, Chapman, and Smith (C. J. 1867,
591), which does not yield the whoie, but only
very variable proportions, of the organic nitrogen
in différent nitrogenous organic substances,
although in the case of some—such as leucine,
aspartic acid, tyrosine, &c.—which frequently
appear as décomposition products of albuminous
matters, nearly the whole of the nitrogen is ob-
tained as ammonia (Preusse and Tiemann,
B. B. 12, 1906 ; Mallet, U. S. National Board of
Health Report, 1882). As this method thus
affords a means of distinguishing between différ¬
ent kinds of organic substances, it should not be
neglected by water analysts, although it is
highly undesirable to limit the détermination of
organic matter, as is so frequently done, to the
results obtained by this process.

The method has already been described in
p. 981.

(b) Dittmar and Robinson's process. In this
process the residue, obtained in just the same
way as for the combustion process, is heated
with fused caustic soda, or soda and baryta, in a
copper or silver boat placed in a combustion
tube in a current of hydrogen, the evolved am¬
monia being absorbed by very dilute hydro-
chloric acid, which is subsequently Nesslerised.
(C. N. 1877, 36, 26). The results are
aceurate, and coincide with those obtained by
the combustion process of Frankland and Arm-
strong.

(c) Kjeldahl's process. This well-known and
recently much-employed method for determining
organic nitrogen has been adapted for use in
water analysis by Drown and Martin (C. N. 59,

272). The method appears to give accurate
results which are uninfluenced by the presence
of nitrates and nitrites in such quantities as aie
found in ordinary waters. 500 c.c. of the watr-r
are placed in a round-bottomed flask of abolit
900 c.c. capacity ; the volume is then redueed to
about 200 c.c. by boiling, and to this, after cool-
ing, add 10 c.c. of pure concentrated sulphurie
acid. The mixture is then cautiously boiled,
with the flask in an inclined position, until ali
the water has been driven otï and the acid ro¬

mains of a white or very pale-yellow colonr.
After removing the source of heat, add a little
powdered permanganate until, on shaking, the
liquid becomes green, showing that excess lus
been added. ' If a purple instead of a green
colour appears, it shows that the whole of the
water has not been driven off. When cool,
200 c.c. of water free from ammonia are added,
care being taken to rinse round the neck of the
flask, and thus wash in any acid which raaj be
adhering there. 100 c.c. of sodium hydrate
solution are then added, and the mixture dis-
tilled with a Liebig's condenser. (The sodium
hydrate solution is prepared by dissolvmg 2i
grms. of good caustic soda in 1,250 c.c. of dis-
tilled water, adding 2 grms. potassium perman¬
ganate, and boiling down until the volume is
rather less than 1,000 c.c., making up to 1,000
c.c. when cold.) The distillate is collected in a
flask eontaining 50 c.c. of water free from am¬
monia, and 1 c.c. of dilute pure hydroehloric
acid, and during the distillation of the first 50
c.c. the delivery tube of the condenser is made
to dip into this acid liquid, whilst during the
remainder of the distillation the flask is lowered
so that the delivery tube is just above the liquid.
The distillation is carried on until the whole of
the ammonia has passed over, and the contents
of the receiver are then Nesslerised in the ordi¬
nary way. The most.scrupulous care mustte
exercised to prevent access of ammonia from
the air andregaents ; a blank experiment should
also be made for control (Sutton, Volum.
Analys. 6th ed. 434).

Détermination of dissolved oxygen. Mué
importance is, with very little reason, attriboted
by some analysts to this détermination ; it en,
moreover, be rarely applied, as the sampk;
must be collected with spécial précautions if the
results are to have any value at ail. The various
processes in use have recently been examine!
by Kisch (C. J. Abst. 1892, 98). Rekkniti
method (Zeitsch. f. Analyt. Chem. 11, lsïi.
271), as modified by Preusse and Tieniann
(B. B. 12, 1879, 1768 ; Tiemann-Gartner-
Untersuch. d. Wassers, 278) has been fourni
both simple and effective in the laboratorjol
the writer. It consists in boiling a measund
volume of water, and collecting the gases oui
a hot solution of caustic potash, the oxygen
being then estimated either by explosion with
hydrogen, or by absorption with potassium
pyrogallate. In Mohr's method (Mohr's Titrir-
methoden) the sample is mixed with an icii
solution of ferrous sulphate of known strength,
then with caustic soda to throw down fc
ferrous hydrate, and after remaining for a fer
hours (air, of course, being rigidly excludedl,
the precipitate is re-dissolved in sulphuric «cil
and the remaining ferrous sulphate titrated with
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permanganate. In the Schiltzenberger-Rislcr
process (Bl. 1873, 19, 152 ; 20, 145 ; Tiemann-
Gârtner's Untersuch. d. "Wassers, 277, 288 ;
Catherine Williams and Ramsay, C. J. 1886,
160; Bernthsen, B. B. 13, 2277 ; Boscoe and
Lunt, C. J. 1889, 552 ; Dupré, An. 1885, 10,
156) the water is allorved to act on a solution
of sodium kydrindigotin disulphonate, whieh is
thereby converted into the blue compound, a
standard solution of sodium hyposulphite being
Ihen run in until the liquid is again colourless.
In Winkler's process (B. B. 21, 2843) the
rater is mixed with a solution of manganous
chloride, and then with potassium iodide and
caustic potash; the precipitated manganous
hydrate absorbs the oxygen, passing into a
liigher state of oxidation. On then adding
kydrochloric acid the higher oxide of manga¬
nèse gives rise to the libération of an équivalent
quantity of iodine, the amount of which is de-
termined by titration with sodium thiosulphate.
According to Kisch (l.c.), the results by the
Reichardt-Preusse-Tiemann method are de-
cidedly lower than those obtained by the
ffinkler process, which is in harmony with the
experience of the writer. The results by Mohr's
and Schiitzenberger's methods accord very well
with those by Winkler ; but Winkler's appears,
on the whole, to be the most trustworthy, and
theeasiest to carry out. For Thresh's method,
t.C.J.1890, 185.

Détermination of carbonic acid. (1) The
total carbonic acid is determined by completely
precipitating as calcium carbonate with an ex-
cess of calcium hydrate (a sufficient quantity
of calcium chloride being added to décomposé
alkaline carbonates), then filtering off the pre-
eipitate, and determining the carbonic anhydride
in it in the usual way (Fresenius, Quant. An. ;
Tieraann-Giirtner, Die Untersuch. d. Wassers,
213). If the water is saturated with carbonic
anhydride under pressure, the above method
must be preceded by Rochleder's process for
estimating the carbonic anhydride which escapes
ou reducing the pressure to that of the atmo¬
sphère (Fr. 1, 20 ; Sutton's Volum. An. 6th
ed. 94).

(2) The free and semi-combined carbonic
acid is determined by Pettenkofer's method, in
which the water is treated with an excess of
standard calcium hydrate solution, and, after
the preeipitate has separated in a crystalline
forai, the clear liquid is decanted oiï, and the
excess of lime ascertained in an aliquot part by
titration with standard dilute oxalic acid, using
litmus paper as indicator. If the water con-
tains alkaline carbonates, sufficient neutral
calcium chloride solution must be added to dé¬
composé them, whilst if there is a considérable
proportion of magnesia salts, some ammonium
chloride must also be added (v. Sutton's Volum.
An. 6th ed. 94 ; and Tiemann-Giirtner's Unter¬
such. d. Wassers, 219-223).

If the carbonic acid thus determined is sub-
traetedfrom the total obtained according to (1),
then the différence represents the combined
carbonic acid. To this combined carbonic acid
there corrésponds, of course, an equal quantity
of semi-combined, so that only any excess over
and above this can be regarded as free carbonic
acid. It must, however, be pointed out that the

détermination of total carbonic acid generally
yields results which are below the truth by 1—1*5
units in 100,000 parts, in conséquence of the
solubility of normal calcium carbonate itself.

Détermination of sulphuretted hydrogen.
Colorimetrically with a solution of sodium nitro-
prusside, using for comparison a standard solu¬
tion of sulphuretted hydrogen. The latter is
standardised by taking a measured volume and
adding an excess of decinormal sodium arsenite ;
shake well, and then acidulate with hydrochlorie
acid. After the arsenious sulphide has com¬
pletely subsided, dilute to 300 c.c., and filter
through dry paper. Take 100 c.c. of the filtrate,
remove acidity by means of solid sodium car¬
bonate, add a drop of starch solution, and then
run in decinormal iodine until a blue colour is
obtained. This method may, of course, also be
employed for the détermination of the sul¬
phuretted hydrogen in the water itself if présent
in sufficient quantity.

In using the colorimetric method, 300 c.c. of
the water are treated with 5 c.c. sodium carbon¬
ate and 3 c.c. sodium hydrate ; allow the pre¬
eipitate to subside for 1-2 hours, then decant
or filter. To 250 c.c. of the filtrate in a colour¬
less cylinder add 1 c.c. of sodium nitroprusside
solution (4 grms. per litre), and for comparison
take 245 c.c. distilled water, to which add 2 c.c.
sodium hydrate and as much of the standard
solution of sulphuretted hydrogen as is re-
quired to produce preeisely the same tint as is
obtained with the water above. In this manner

•1 part SH2 per 100,000 can be determined
(Tiemann-Gârtner, Untersuch. d. Wassers, 232).

Sulphuretted hydrogen may also be accu-
rately determined by means of centinormal
iodine solution. 10 c.c. or other suitable volume
of the latter are placed in a 500 c.c. flask, and
the water added until the colour completely
disappears ; 5 c.c. of starch solution are then
added, and centinormal iodine is run in until
a blue colour is obtained, pure distilled water
being added up to the 500 c.c. mark from a
burette. On subtracting the sum of the volumes
of iodine, starch solution, and distilled water
added from 500 c.c., the volume of water which
reacted with the iodine solution employed is
ascertained. A correction should be made for the
volume of iodine solution required to produce a
blue colour (Sutton, Volum. An. 6th ed. 316).

Bactebiology of Water.
The great progress which has been made

within recent years in our knowledge of in-
fectious diseases, and of the processes dépendent
on bacterial life, renders it imperative that the
subject of water supply should be considered
from a baeteriological, as well as a chemical,
point of view. For a général account of micro-
organisms and their functions, the reader is re-
ferred to the article on Fermentation and the
various sources of information there referred to.
In this place we shall confine our attention to
the relationship of bacteria to water, more espe-
cially in connection with the communication of
zymotic disease.

For some of the first systematic investigations
concerning the plants found in water, see Cohn
(Beitriige zur Biologie der Pflanzen, 1, 113), Hirt
(Zeitseh. f.Biologie, 15, 91), Chamberlain ('Or-
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ganic Impurities in Drinking Water,' Annual
Report of the State Board o£ Health ol Connecti-
cut, 1883), Eoth and Lex (Handbuch der Militâr-
Gesundheitspfiege, 1).

On the communicability of diseases through
living organisms, see Sievers (Schmarotzer-
statistik aus den Seetionsbefunden d. Patholog.
Institutes Kiel, 1877-87), Leuekart (Die mensch-
lichen Parasiten,' &c., 1876), Manson (The
Filaria Sanguinis Horninis, London, 1883 ;
Lancet, 1887, 713), Leichtenstern (Deutsche
med. Wochensch. July, 1885). Ail the above
refer to the introduction of animal parasites
through water. Concerning the communication
of dysentery through water, see Hirsch (Handb.
d. historiseh-geograph. Pathologie, 2nd ed. pt.
iii. 188G), Kartulis (Zur Aetiologie d. Dysen¬
terie in Aegypten, Virehow's Archiv, 1887, 521).

On the communication of Asiatic choiera
through drinking water the most important évi¬
dence was addueed by Snow (On the Mode of
Communication of Choiera, London, 1855), Farr
(Report on the Choiera Epidémie of 1886),
Macnamara (A History of Asiatic Choiera,
London, 1876). On this subject see also 6th
Report of the Rivers Commission, 1874, and
' The TJpper Thames as a Source of Water
Supply,' Society of Arts Journ. 1884, P. F.
Frankland. The exciting cause of choiera is
believed by many to be the spirillum cholerœ
Asiaticœ discovered by Koch, and found by him,
amongst other places, in the tank water of Cal¬
cutta (Bericht iiber die Thiitigkeit der zur
Erforscliung der Choiera im Jahre 1883 ent-
sandten Commission, Berlin, 1887, 182) ; also
by Nicati and Rietsch, in the water of the
harbour of Marseilles (Revue d'Hygiène, 1885).

The other zymotic disease which has been
most conclusively proved to be communicable by
drinking water is typhoid fever (Thorne Thorne
at Caterham, 6th Report of Rivers Commission,
167, 179 ; Zucksehwerdt, Publicationen d.
Vereins f. ôffentliche Gesundheitspflege in
Halle, iv.). The exciting cause of this disease
is generally believed to be a bacillus, discovered
by Eberth-Gafiky (Eberth, Der Typhusbacillus
und die intestinelle Infection,' Volkmann's klin.
A'ortrâge, 1883 ; Archiv f. pathol. Anatomie, 81,
1880 ; 83, 1881 ; Gaffky, Mittheil. a. d. kais.
Gesundheitsamte, 2, 1884), and which has, on a
number of occasions, been aetually found in
water suspected of giving rise to typhoid. Moers
(Ergânzunsheft Centralbl. f. allgem. Gesund¬
heitspflege, 2, 1886, 144; Sehilling's Journ. f.
Gasbeleucht. undWasserversorg. 1887), Michael
(Typhusbaeillen im Trinkwasser, Fortschritte
d. Medicin, 4, 1886, 353), Dreyfus-Brisac and
Widal (Épidémie de Famille de Fièvre Ty¬
phoïde. Considérations Cliniques et Recherches
Bactériologiques,' Gaz. Hebdom. 1886, No. 45),
Chantemesse and Vidal (Enquête sur une Épi¬
démie de Fièvre Typhoïde à Pierrefonds, 1886,
Rev. d'Hygiène, 9, 116 ; Archiv. de Physiol. et
Pathol. 1887, 217), Brouardel and Chantemesse
(Enquête sur les Causes de l'Epidémie de Fièvre
Typhoïde à Clermont-Ferrand, Rev. d'Hygiène,
9, 368), Beumer (Zur Aetiologie d. Abdominal-
Typhus, Deutsche Med. Wochensch. 1887, No.
28) ; to which might be added the results of
other observers (Trans. of the Internat. Congress
of Hygiene, London, 1891).

As it is only under the most exceptional-cir-
cumstances that the discovery of such pathogenit
forms can be expected, the bacteriological et
amination of water is generally restricted to i
détermination of the number of microbes prerai
in water. Even this investigation is attende!
with insuperable difficultés, in conséquence oi
the impossibility of obtaining a culture-medio
suitable for ail kinds of bacteria, and benceonlt
comparative results can be secured by usingom
and the same culture material for diffères;
waters. The material which has corne into
practically universal use for this purpose is
Koeli's gelatin-peptone. (For the préparation of
this material and the method of employingitin
plate-cultures for the numerical détermination
and isolation of micro-organisms, see Feumesii-
tion, vol. ii. 114, 115.) In the case of waters
containing comparatively few microbes 1 c.c. or
•5 c.c. is employed for the plate cultivation ; bol
if a large number are présent it is necessaryto
suitably dilute the sample with sterilised dis-
tilled water before submitting it to plate culture.
In ail cases the sample should be violently agi-
tated, so as to secure a uniform distribution ot
the microbes before taking out the measnred
quantity for cultivation. The water for exami-
nation must be collected in sterilised flasks,
plugged with stérile cotton-wool ; or, if the;
have to travel some distance, it is préférable to
collect them in small, accurately stoppered
bottles, previously sterilised, and containedin
small stérile tin canisters. In ail cases, tbe
plate cultures must be made as soon as possible
after collection (within a few hours), as otber-
wise more or less extensive multiplication ol
the microbes may have taken place, and during
any unavoidable interval the samples should be
kept in a cool place, preferably in a réfrigérât®

Number of micro-organisms in différai
waters. Since the introduction of Koch's me¬

thod of gelatin-plate culture, referred to above,
a very large number of waters have been sub-
mitted by its means to quantitative examinât»
for micro-organisms. It was at first believed
that the number of microbes présent in a given
volume of water would give a useful indicat»
as to its purity or otherwise, and artificial stan¬
dards were set up, according to which water-
were classified as of good, médium, or bad quality,
according to the number of microbes found b;
the gelatin method in 1 c.c. It was, in fact, «ot
unnaturally supposed that in waters containing!
large number of microbes there would be moie
chance of dangerous forms being présent than in
those containing a small number only. Thé
view, which was never advoeated by the miter,
has had to be greatly modified or entirely aban-
doned, from the fact, which has been abundantl;
established, that many bacteria are capable ol
enormous and extraordinarily rapid multiplia-
tion even in waters of very high organic purity.
Indeed, the rate of multiplication is oftengreater
in a pure than in a contaminated water (P. f.
Frankland, On the Multiplication of Micro-
organisms, Pr. 1886, 526 ; Wollfhugel and Bit-
del, Arbeiten a. d. k. Gesundheitsamte, 1, 455:
Meade Bolton, Zeitsch. f. Hygiene, 1, 7(j; Leone,
G. 15, 385).

On this account many of the statemenb
which have been made concerning the number
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of micro-organisms in water must be acoepted
witli reserve, as, unless the samples have been
examined within a very short time (a few hours)
after collection, the numbers found may bear no
sort ot relationship to those actually présent at
the moment of collection. Moreover, on aceount
of this multiplication it is obvious that the
quantitative détermination of microbes in na-
tural waters has generally but little interest, as
the number found must so largely dépend upon
the extent to which such multiplication may
have taken place previous to collection. On the
other hand, the détermination is invaluable for
ascertaining the effect of methods of water puri¬
fication, either natural or artificial, in the ré¬
novai of micro-organisms (P. F. Frankland,
The Kemoval of Micro-organisms from Water,
Pr. 1885 ; S. C. I. 1885 and 1887 ; Salamon and
llathew, S. C. I. 1886, 261).

In applying the bacteriological method to
this purpose, however, it is neeessary that the
rater should be submitted to examination immc-
iiakly after having undergone the purification
process, otherwise the results may be altogether
disturbed through subséquent multiplication.
Merence has already been made to the removal
of micro-organisms by filtration and other
methods of water purification on pp. 971-975.

After the above introductory remarks, the
table on the next page will sulfieiently speak
for itself, illustrating as it does the number
of microbes found in natural waters of différent
kinds, and also the effects of various proeesses of
rater purification as regards their removal.

Beliaviour of pathogenic micro-organisms in
rnter. Inasmuch as it is only under very ex-
ceptionalcircumstances that pathogenic microbes
can be actually discovered in water, we have to
faw most of our inferences concerning their
behaviour in water, partly from the behaviour
of the ordinary microbes which we find in
natural waters, and partly from the behaviour
of pathogenic forms which are intentionally
introduced into water for expérimental purposes.
Thus, in investigating processes for the purifica¬
tion of water, we may form just as valuable, or
even a more valuable, judgment from the effect
of a process ou the ordinary bacteria found in
water thau if we had employed for experiment
some particular pathogenic form. For instance,
if it be found that some process of filtration
removes 90 p.c. of the varied collection of bac¬
teria présent in river water, this resuit will be of
greater value in forrning an average estimate of
the efficiency of this filtration process than if
the experiment had been made on some single
form known to possess pathogenic properties.
On the other hand, inasmuch as many patho¬
genic forms are probably not by nature inhabi¬
tants of water at ail, it becomes of great interest
and sanitary importance to ascertain whether,
and to wbat extent, such pathogenic forms are
capable of preserving their vitality in this
médium. A great number of experiments have
been made in this direction during the past
seven years, the vitality of many known patho¬
genic forms having been tested in waters of dif¬
férent kinds. From these experiments it appears
that but few pathogenic forms are capable of
extensive multiplication in ordinary potable
water, aïthough some multiply abundantly in

sewage. Some forms, again, are very rapidly
destroyed, even in a few hours, by immersion in
water, whilst others are much more hardy ; and
those which form spores ean be preserved in
that state for days, weeks, months, or practically
an indeiinite period of time. In most of these
experiments the artificial condition has been
preserved of introducing the pathogenic form
into sterilised water, whilst in comparatively
few only has water in its natural state and
with its contained bacteria been used. The re¬

sults obtained in the latter case must be accepted
with considérable caution in conséquence of the
great diffieulty of discovering a few pathogenic
forms amongst a vast number of the ordinary
water bacteria. The général tendency of the
results, however, is unquestionably to show, as
might indeed be anticipated, that in the pré¬
sence of numerous competitors, in the shape of
the ordinary water bacteria, the vitality of the
pathogenic forms is considerably reduced.

The question of the vitality of micro-organ¬
isms is of such manifest importance, and so
variable in différent species and under différent
conditions of médium, température, &c., that a
large amount of work still remains to be done
in this direction. Even the spores of différent
microbes are subject to great.variations in their
vitality. Thus whilst the spores of the tubercu-
losis and typhoid bacilli, on being dried at the
ordinary température, remain alive only for a
few months, those of anthrax can retain their
virulence for upwards of fifteen years (ICoch,
I. Cholera-conference), and some forms of bac¬
teria have been found alive after remaining
twenty-five years in a liquid médium (Duclaux,
C. E. 1885).

In the case of anthrax, it has been shown
that the bacilli perish when kept in sterilised
water within a few days, althougli the précisé
period is subject to considérable variations,
whilst the spores retain their vitality for practi¬
cally an indefinite length of time ; and the
writer has also found that, in sterilised sewage,
the anthrax bacilli can undergo very considér¬
able multiplication (Wolffhûgel and Eiedel,
Arbeiten a. d. kaiserl. Gesundheitsamte, 1886 ;
Meade Bolton, Ueber das Verhalten verschie-
dener Bactérien im Trinkwasser, Zeitsch. f.
Hygiene, 1 ; P. F. Frankland, S. C. I. 1887).

In unsterilised water Kraus (Archiv f. Hy¬
giene, 6, 234) found that sporeless anthrax
baeilli lost their vitality in from two to four
days. V. also Uffelmann (Trinkwasser und
Infektionskrankheiten, Centralbl. f. Bakterio-
logie, 5, 89) and Karlinski (Ueber das Verhalten
einiger pathog. Bakterien im Trinkwasser, Cen¬
tralbl. f. Bakt, 6, 138 and 671). De Giaxa (Cen¬
tralbl. f. Bakt. 6, 497) has studied the disappear-
ance of anthrax and typhoid bacilli in sea water.
Hochstetter (Ueber Mikroorganismen im kunst-
lichen Selterswasser, Arbeiten a. d. kaiserl.
Gesundheitsamte, 2), Huppe (Hygienische Beur-
theilung d. Trinkwassers vom biolog. Stand-
punkte, Journ. f. Gasbeleucht und Wasser-
versorg, 1887).

As regards the vitality of the choiera spirilla
(Koch) in water, very divergent results have
been obtained even by one and the same ob¬
server. The probable explanation of these dis-
crepancies has been given by the writer, who has
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Number of Micro-organisms in Water.

Description of water

River water.

Thames at Hampton (average for 1886) .

Lea at Chingford (average for 1886) .

Thaines, filtered by London companies \
(average for 1886) J

Lea, filtered by East London Company 1
(average for 1886) J

Spree above Berlin (Sept. 29, 1885) .

Ditto after sand filtration (Sept. 29, 1885)
Spree above Berlin (Nov. 24, 1885) .
Ditto after sand filtration (Nov. 24, 1885)
Spree within Berlin (August 8, 1886)

Bhine at Miïhlheim (June 3, 1885) .

Main, above Wurzburg (Feb. 1886) .

Main, below „ „ . .

Iriland lalces.
Lake of Zurich (average for 1884-5).
Lake of Lucerne (1884) . . ...

Lake of Geneva (1884) ....
„ „ (near the shore)

Deep wells.
London (Kent Company's) wells at Dept-\

ford, 1885 J
Ditto, 1886
Well at Bushey (Colne Valley) .

Ditto, after softening by Clark's process .
Well at Victoria Dock (London)
Ditto, after softening by GailletandHuet'sl

process J
Vienna deep-well water ....
Mayence, artesian well ....
Wiesbaden, deep well at slaughterhouse .

Springs.
Beigate spring, Upper Greensand (1885)
•Tena, springs near ....
Frankfurt, spring water supply.
Danzig, spring water supply
Brunnthal spring
Giesing spring .

Leitmeritz, springs in town

Sea water.

Gulf of Naples, samples taken from deptlis |
of 75-800 mètres, at distances of 4-15 1
kilos, from shore J

Ditto, 50 mètres from entry of Chiatamone "I
Canal J

Ditto, 350 mètres from entry .

Ditto, 3 kilos, from entry ....

Number of develop-
able micro-organ¬

isms obtained
from 1 c.c. of water

20,255
19,781

402

253

1,120
30

31,500
167

144,000
136,000
385,000
540,000
21,000

520-1,020
2,950-22,000

168

8-51

38
150,000

6-8

4-82
322»

4
182'

18-33
4
4

32-156
0-60
0-2
4-35
0-5

700-3,000

6-78

298,000
26,000

10

Authority

P. F. Frankland (S. C. I.)

Plagge and Proskauer (Zeitsch.
f. Hygiene, 2, 401)

Frank (Zeitsch. f. Hygiene, 3, i

f Moers (Tiemann-Gârtner's Un-
\ tersueh. d. Wassers,
J Bosenberg (Arehiv f.
I 1886, 448)

/ Cramer (Wasserversorgung v,
)_ Zurich)

IFol and Dunant (Becberches sutle Nombre des Germes Vivants
que Benferment quelquesEaus
de Genève)

P. F. Frankland (S. C. 1.1885)
1886

Kowalsky
Egger
Huppe

P. F. Frankland (Z.c.)
I Fiirbringer (Arbeiten a. d. t.
( Gesundheitsamte, 2)
Libbertz „ ,,

Freimuth „ „

Buchner „ „

Maschek

IBussell (Untersuchungen iiberim Golf v. Neapel lebenden
Bactérien, Zeitsch. f. Hygiene,
11 (1891), 177)

/ De Giaxa (Zeitsch. f. Hygiene,
\ 6 (1889), 186)

' Tkis sample was not taken directly from the well, but serves to show the effeet of Clark's process.
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fonnd that if the spirilla are taken from old and
«akened cultures and introdueed into stérile
ïater their vitality is rapidly lost, whilst if the
tame iveakened spuirilla are first revivified by
«iltivation in broth, and are tben introdueed
into the saine water, their vitality is retained for
a much longer period of time. The choiera
spirilla may, indeed, undergo a slight multiplica¬
tion in stérile potable water, whilst in stérile
sewagetheir numbers inerease enormously (P. IF.
Fiankland, The Multiplication of Micro-or-
ganisms, Pr. 1886, 40, 541 ; S. C. I. 1887, 320).
ïi the sterilised water of the Berlin supply,
Hochstetter (Untersuch. d. Wassers, Tiemann-
Gârtner, 595) found the choiera spirilla still
alive after 392 days. It has also been found by
Graber (Wiener Med. Wochenseh. 1887, Nos. 7
and 8) that the choiera spirilla can multiply in
the presence of the bacteria of putréfaction.
F.also Nicati and Bietsch (Bev.d'Hygiène, 1885,
So. 5), Koch (Berl. Klin. Wochenseh. 1885, No.
37, » and 6) ; Babes (Untersuchungen iib. Koch's
Eommabacillus, Virehow's Archiv, 99), Wolff-
hûgel and Eiedel (Arbeiten a. d. k. Gesundheits-
amte, 1886).

With the typhoid baeilli (Eberth-Gaflky)
anmerous experiments have also been made.
Ihese have shown that in sterilised potable
tater the baeilli can undergo considérable multi¬
plication at ordinary températures, and have
•ometimes been found alive after remaining for
three months in such water at the ordinary
température of the air, although in many cases
they disappear much more rapidly. On the
other hand, when the baeilli are introdueed into
unsterilised water their disappearanee is more
rapid than in the stérile water, but they have
iometimes been diseoverable as long as thirty
days after introduction, in spite of the abundant
mltiplication of the water bacteria simultane-
onsly présent (Wolffhiigel and Biedel, Meade
lolton, Hochstetter, Krauss, Huppe, Chante-
messe and Widal; for references see above).
FalsoHerœus (Zeitseh. f. Hygiene, 1, 233), and
Seitz (Bakter. Studien zur Typliusatiologie,
Munich, 1887, p. 33). The typhoid baeilli have
also been found to retain their vitality in ice
thich had remained frozen for upwards of 100
iays (Prudden, Centralbl. f. Bakteriologie, 1,650 ;
P.F.Frankland, The Hygiene of Water Supply,
Sature, 45,1891, 25).

Of other pathogenic microbes which have
been similarly experimented with, the strepto-
mus of erysipelas (Fehleisen) was found to
lise its vitality with great rapidity in stérile
potable water, and even in stérile sewage it was
m longer demonstrable after five days (P. F.
Fnnkland, S. C. I. 1887, 319). Similarly, the
niaococcus tetragemis disappeared in about four
iays, whilst the staphylococcus pyogenes aureus
tas more permanent, being in some cases still
lemonstrable after twenty to thirty days' resi-
dence in sterilised well water (Meade Bolton,
Zeitseh. f. Hyg. 1, 106, 1886).

The baeillus pyocyaneus, again, was found
to undergo multiplication even in stérile distilled
rater, as well as in potable waters and sewage
if. F. Frankland, The Multiplication of Micro-
organisms, Pr. 1886, 537).

Spécifie micro-organisms found in water.
Suce the introduction of Koch's methods of

Voi. III.—2"

culture on solid média, the identification of par-
ticular bacterial forms has heeome more pos¬
sible, as the microscopic characters of an or¬
ganisai can be generally supplemented by
invaluable naked-eye appearances to which it
may give rise when grown on différent média.
A number of. différent forms derived from water
have been isolated by various observers, and
their characters more or less fully described.
Even when such particulars are given, it is
often a matter of great difficulty to identify
forms, as the characteristies are not unfre-
quently subject to more or less considérable
variation in conséquence of tbe partieular con¬
ditions to which an organism may have been
subjeeted during previous générations, such
variations often persisting for a number of
générations, if not indefinitely. It is impossible
in this article to give a description of the various
forms which have been isolated from water, for
which the reader is referred to the following
sources

Bakteriologische Diagnostik ; Eisenberg, Leipzig.
Die Mikroorganismen ; Flûgge, Leipzig.
Ueber das Verhalten verschiedener Bakterien -

arten im Trinkwasser ; Meade Bolton,
Zeitseh. f. Hygiene, 1, 76.

Ueber einige typisehe Mikroorganismen im
Wasser und im Boden ; Grâce C. Erankland
and P. P. Frankland, Zeitseh. f. Hygiene, 6,
373.

Ueber die Bakterien d. Mainwassers ; Bosenberg,
Archiv f. Hygiene, 5, 446.

Sur quelques Bactéries des Eaux de Boisson ;
Macé, Ann. d'Hygiène Publique, 17, 1887,
No. 4.

Examen Bactériologique des Eaux Naturelles ;
Malapert-Neuville, Ann. d'Hygiène Publique,
17, 1887, No. 3.

A New Chromogenic Baeillus ; J. A. Smith, Cen¬
tralbl. f. Bakteriologie, 3, 401.

Monographie d'un bacille vivant au-delà de
70°C. ; Miquel, Centralbl. f. Bakteriol. 5, 282.

Die Bakterien der Trink- and Nutz-wâsser ; L.
Adametz, Mittheilungen d. oster. Versuchs-
station f. Brauerei und Màlzerei Wien, Heft
1, 1888.

Ueber den Bakteriengehalt d. Schnees; Janow-
ski, Centralbl. f. Bakteriol. 4, 1888, 547.

Eine G-letscherbakterie ; Schmelk, Centralbl. f.
Bakteriol. 4,1888, 545.

Untersuchungen iib. Vibrionen ; Weibel, Cen¬
tralbl. f. Bakteriol. 4, 1888, 225, 257, 289.

Ueber Eisenbakterien ; Winogradsky, Centralbl.
f. Bakteriol. 4,1888, 65.

I microbi delle acque Minerali ; Fazio, Centralbl.
f. Bakteriol. 6, 1889, 294.

Note sur les Microbes de l'Eau de Vichy ; Poncet,
Centralbl. f. Bakteriol. C, 1889, 548.

Bakteriol. Analyse d. Agramer Trinkwasser ;
Heinz, Centralbl. f. Bakteriol. 5,1889, 641.

Le Photobacterium Luminosum de la Mer du
Nord; Beyerinck, Centralbl. f. Bakteriol. 7,
1890, 338.

Ueber einen indigoblauen Farbsfcofferzeugenden
Baeillus aus Wasser ; Claessen, Centralbl. f.
Bakteriol. 7, 1890, 13.

Bakteriolog. Untersuch. von Hagel ; Foutin,
Centralbl. f. Bakteriol. 7,1890, 372.

Ein rother Baeillus im Flusswasser; Lustig,
Centralbl. f. Bakteriol. 8, 1890, 33.
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Die Bakterien unserer Trink- und Nutz-wasser ;
Zimmermann, Centralbl. f. Bakteriol. 8,
1890, 177.

Zur Eenntniss d. Leuchtbakterien ; Eatz, Cen¬
tralbl. f. Bakteriol. 9,1891, 157.

Zur Eenntniss d. Moschuspilzes ; Lagerheim,
Centralbl. f. Bakteriol. 9, 1891, 655.

Recherches sur les Microbes Pathogènes desEaux
Potables distribuées à la ville de Lyon ; Lor-
tet and Despeignes, Bevue d'Hygiène, 12,
1890, No. 5 (Centralbl. 9, 1891, G07).

Die pathogenen Bakterien d. tiefen Schlammes
im Genfer See ; Lortet, Centralbl. f. Bakteriol.
9, 1891, 709.

Einen neuen pathogeneD Mikroorganismus d.
Wassers ; Sannarelli, Centralbl. f. Bakteriol.
9, 1891, 193.

Bakteriolog. Untersueh. d. Ereiburger Leitungs-
wâsser ; Tils, Zeitsch. 1. Hygien. 9.

Expérimental Investigations by the State Board
of Health of Massachusetts ; 1888-1890,
parts 1 and 2.

Eirst Report to the Water Research Committee
of the Royal Society, on the Présent State of
our Enowledge concerning the Bacteriology
of Water, with especial reference to the
Vitality of Pathogenic Schizomycetes in
Water. P. F. Frankland and Marshall Ward,
Pr. 51, 1892, 183-279.

P. F. E.
WATERS, AERATED, v. Aekated watees.
WATER STONES v. Agate.
WAXES. The waxes are a group of sub¬

stances of animal or vegetable origin, resembling
beeswax in their physical properties, and com-
posed of the elements carbon, hydrogen, and
oxygen. Solid paraffin is sometimes called a
wax, as physically it resembles beeswax, but it
is not of immédiate animal or vegetable origin,
and it does not contain oxygen, so it is most
conveniently exeluded from this group. The
waxes are mixtures and not single chemical
substances, and among their proximate con-
stituents are ineluded a considérable portion
either of some free fatty acid or of esters con-
taining someradicleother than glyceryl (C3H5)'";
some of them also contain a proportion of
glyceryl esters, and others are free from these.
Physically, the waxes corne in the sériés : (1)
fixed animal and vegetable oils ; (2) soft fats ;
(3) tallow-like bodies and solid fats ; (4) waxes
proper ; and (5) resins.

Below is given a description of those animal
and vegetable waxes which are of industrial
importance, but besides these waxes oecur in
many plants in small proportions (cf. Oils,
fixed, and fats).

Balanophore wax is derived from the paren-
chymatous cells of Laiigsclorffia hypogœa (Mart.),
a native of Brazil, and of Balanophora species,
a native of Java and the neighbouring islands ;
which are parasitic plants some 5 or 6 cm. long,
growing on the roots of other plants. These
priants are so rich in wax that they can be set
on tire and burn with a luminous flame, and
torches can be made by coating wooden sticks
with the plant made into a paste.

By boiling the plant the wax is procured as
a greyish or yellowish mass. Ether extracts it
from the plant, and as thus obtained it has the
colour and eonsistence of natural beeswax ; it

melts at about 100°, has a spécifie grarity at 1?
of 0-995, and is easily soluble in ether, andofc
very sparingly soluble in alcohol. The vas bi
the property of dissolving in cold sulphuric «il
and being reprecipitated by water. It is s
resinous wax, and also contains a glyceride.

Beeswax, Cera, is produced by the comm®
bee, Apis mellifica (Linn.), and also by saut
allied species, for instance, Apis /asciaia, ii
South America, and Apis unicolor in Madagasa.
Andaquies max is obtained from a species foord
near the Orinoeo and Amazon rivers. Beeswa
is not collected from the flowers by the bee, bit
is the sécrétion of certain organs situated be-
neath the rings of the abdomen of the neoter
or working bees, and is used by them in formirg
the cells of the honeycomb. The comb yie!i=
approximately ten times more honey than m

The honey is allowed to run out fromfe
comb, which is then pressed to separate asmtk
honey as possible. The adhering honey ni
other impurities are next removed by msltii-
the mass in boiling water, when the wax melts
and floats on the surface. It is poured oï into
flat moistened vessels to cool, and is remotei ii
cakes.

Pure wax is white, but from contact withtb
honey and pollen it acquires a colour, and to
cakes are yellow, varying in tint according ta
the materials employed by the bees.

Wax has a pleasant honey-like smeU, wlieb
is made more apparent by warmth, and itbtsi
slight taste when chewed. The spécifie gntit;
at 15° is from 0-960 to 0-963; wax fromtl;
tropics is somewhat heavier, but does not eitesl
0-966. When cold it is brittle ; at ordinaiy
températures it is tenacious, and its fracture i
dry and granular. It softens when held in fc
hand, and melts at 62-64° to a clear ofi;
liquid, which solidifies at once below the met-
point, without sensible évolution of beat.

It is insoluble in water and in cold alcot:.
but more or less soluble in boiling alcohol,l::
ether, benzene, carbon bisulphide, and cbloi-
form. It is soluble in ail proportions in 11
fats and oils.

Yellow wax has the composition C 79'!, 1
13-2, O 7-5.

46-47 p.c. of it is saponifiable, and itspioi-
mate composition may be stated as 10 p.c. d
cerin or ceryl cerotate C27H55.C2,HM02, whiefc j
soluble in boiling alcohol ; and 90 p.c. of myrit:
or myricyl palmitate C3oH01.C]6H31O2 whichi
insoluble in boiling alcohol. But these je-
centages vary.

Besides these the wax contains substim
possessing colour, taste, and smell, and a rè
ous yellow eolouring matter, which remaiast
solved when yellow wax is treated withb
spirit and the solution allowed to cool.

Wax boils at 236° and undergoes deatruch
distillation. It yields, however, no acrolein. 1s
following are the produets : first, a colour-
watery distillate, ' wax spirit,' containing «s
and propionic acids ; then a thick oil, So
solidifying in the neck of the retort, 's
butter' (Butyrum cerce), consisting main!y
cerotene C27H5( and melissine C30HS0 togefc
with palmitic acid; and, lastly, a yellowish C
empyreumatic oil, ' wax oil,' which was forme!
used medicinally both externally and i#
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nally, and consists mainly of hydrocarbons o£
C,H,,, sériés.

Yellow wax is extensively employed in the
arts and in pharmaey.

White wax. Yellow beeswax is not adapted
to candle-making, as candies made from it burn
badlr and with a smoky flame. It is purified by
repeatedly re-melting in hot water until it is no
longer grey. In doing this the grey underlayer
is eut oiï, and re-melted with the raw wax.

The next step is to destroy the yellow colour -

ing marier, but chlorine and many other bleaeh-
ing agents attaek the wax and make it more
brittle and friable, and thus cause it to lose its
softness, and tallow lias to be added to restore
it. Chlorine further forms chloro-substitution
produets with the wax, and hydrogen chloride
is liberated when the candie is burnt.

The best method of bleaching is to reduce
the wax to thin strips or shavings so as to in-
erease the surface as much as possible, and to
expose it to moisture and sunlight. The melted
wax is poured from a ladle into a square box
of métal plate, in the bottom of which are
sereral narrow slits. These slits are directly
over a horizontal wooden roller revolving in a
vessel filled with water which covers half the
roller. The wax escapes from the slits in bands,
which pass over the revolving roller and solidify
ia the water in the form of thin ribbons.

Another plan is to melt the wax in a rotating
ressel of tinned copper provided with taps ; from
these the wax falls in drops or streams into ice-
cold water. The grains or threads expose more
surface,and the bleaching takes at least one-third
less time, than when ribbons are used.

These ribbons, threads, or grains are removed
from the water and spread on linen stretched
over square wooden frames, and then exposed to
the sun. Every day they are once or oftener
sprinkled with water to keep them moist, and
they are frequently turned over to expose fresh
layers to the sun. After a longer or shorter
period, depending on the intensity of the sun-
shine and the température, the bleaching is
complété.

The wax is then once more melted in hot
water, strained, and allowed to solidify in suitable
shapes. The inner portion of the ribbon bleaches
much less slowly than the outer surface, and the
bleaching occupies twenty to thirty-five days or
more. To accelerate the bleaching the partially
Meached wax is re-melted and again made into
ribbons so that new surfaces are exposed ; this
causes loss of from 2 to 10 p.c. Thread and
grannlar wax rarely require re-melting. Wax
from différent sources bleaches with varying
facility, and some cannot be bieaehed, so it is
well'first to try a sample on a small seale.

Since the sun-bleacliing is properly due to
the formation and action of either ozone or

hydrogen peroxide, the action can be aided by
melting together from 1 to 1| parts of rectified
cil of tuipentine, free from resin, with 8 parts of
yellow wax, and then making into ribbons, and
proceeding as above; this recluces the time to
iromsix to eight days, at the end of which the
smell of turpentine will have disappeared.

Wax bleachers frequently make additions to
the wax—such as argol, alum, white arsenic—
which, however, seem to have no great value.

They are removed on re-melting the wax with
water ; or else additions of tallow, vegetable
waxes, stearic acid, &c., are made to increase
the whiteness of the wax after bleaching.

Wax in threads and grains can be very easily
and well bieaehed by immersion in hydrogen
peroxide, and also by treatment witln dilute
chromic acid or a mixture of potassium bi¬
chromate and sulphuric acid.

White wax is of a pure white colour, without
taste or smell, and is comparatively hard and
brittle, with a splintery fracture, translucent at
the edges, softens at 30°, and at the température
of the hand on kneading does not feel greasy,
melts at 63-64°, behaves like yellow wax on
solidifying, and has at 15° a sp.gr. of 0-965 to
0-969. Its solubility in the various média, its
proximate and ultimate composition, are nearly
the same as those of yellow wax.

Wax, both white and yellow, is very fre¬
quently adulterated ; the spécifie gravity and
melting-point are especially important in deter-
mining the quality. The most common adul¬
térants are the following : (1) Water added to
increase the weight ; this can be recognised by
the dull coarse fracture of the mass, and by
gently heating and allowing to cool, when the
water separates, and the quantity can be deter-
mined by weighing the cooled wax. (2) Powdery
substances, such as ochre, brickdust, pea flour,
heavy spar, clay, litharge, &c. ; these substances
separate when the wax is melted, and can thus
be recognised. (3) Stearin, resin, and varieties
of plant wax, which raise the spécifie gravity ;
and paraffin, ceresin, ozokerit, which lower it.
Mixtures of alcohol and water of known spécifie
gravity and at 15° can be used for examining
the wax by observing whether it sinks, or
hovers, or floats ; the mixture should possess a
sp.gr. of 0-965-0-970 for testing white wax, and
of 0-955-0-965 for yellow wax. Paraffin can be
recognised by warming the suspected wax with
fuming sulphuric acid in a porcelain dish ; pure
wax is thereby completely destroyed, andchanged
into a black gelatinous mass, from which, on
cooling, paraffin separates unaltered. (4) Tallow
is tested for by cutting the wax into shavings,
transferring these to a flask, pouring ammonia
solution over them and warming : pure wax gives
no cloud, but one is produced if tallow is pré¬
sent. Tallow may also be detected by soaking a
wick in the wax, then lighting and extinguishing
it, when a-smell of acrolein will be observed if
tallow is présent. (5) Stearic acid ; this can be
detected by dissolving a small quantity of wax
in ten times as much chloroform and adding
lime water ; pure wax remains dissolved, but if
stearic acid is présent a granular precipitate
of calcium stearate is formed. (6) Eesin is
detected by boiling with concentrated nitric
acid ; if resin is présent the liquid becomes
reddish, and, on adding water, allowing to cool,
and removing the wax, the liquid beoomes cloudy
and the resin separates as a yellow floeoulent
precipitate, which dissolves in caustio ammonia
with a red-brown colour (cf. Schmidt, Seifens.
Zeit. 49,589 ; S. C. I. 2, 182). (7) Japan wax ;
this is detected by boiling about equal parts of
borax and wax (1 grm.) with 15-20 times as
mnch water ; the milky or cloudy mixture sepa¬
rates slowly when at rest into a clear liquid, with

3 s 2

IRIS - LILLIAD - Université Lille 1



9Ë6 WAXES.

solidified wax floating above. In the case of
yellow wax the liquid is yellow ; but if Japan
wax is présent the whole remains milky, and,
aeccrding to the amount of adultération, thick,
or gelatinous and stiff (v. Oins, fixed, and
fats).

Hiibl's test (Chem. Zeit. 13, 1375) is the
most trustworthy for the quantitative and quali¬
tative examination of wax, and Eôttger, having
carefully examined the various other methods,
lias come to the conclusion that the resuit in
most cases is very unsatisfactory. Two methods
only are mentioned which give good results, if
the adultération of wax with stearic acid has to
be proved :—

1. Eehling's method (D. P. J. 147, 227) : The
substance is boiled for four or five minutes with
twenty times its weight of alcohol, and after-
wards allowed to stand for several hours. Then
it is filtered, and the filtrate mixed with water.
If the wax was pure the liquid remains trans¬
parent ; but if it was adulterated with stearic
acid it loses its transpareney, a reaction which
is plainly perceptible even if the adultération
amounts to as little as 1 p.c.

2. Benedikt (An. der Fette, 291) advises
boiling the substance with sodium carbonate.
The solution, on cooling, becomes solid when
sodium stearate is présent. This method is
also trustworthy, but is not so exact as that of
Fehling.

The two methods just mentioned, together
with Hiibl's and the sp.gr. test, seem to be ail
we have practically to rely upon to prove adul¬
tération in wax (H. Eôttger, Chem. Zeit. 14,
006-607 ; S. C. I. 9, 771).

The test given in the U.S. Pharmacopœia is
as follows : If 1 grm. of wax be boiled for half
an hour with 40 c.e. solution of soda (sp.gr. 1-18),
the volume being maintained by the occasional
addition of water, the wax should separate on
cooling without rendering the liquid opaque, and
no preeipitate should be produced in the filtered
liquid by hydrochloric acid (absence of fats, or
fatty acids, Japan wax, resin) ; nor should the
same reagent produce a preeipitate in water
which has been boiled with a portion of the
wax (absence of soap). If 5 grms. of wax be
lieated in a flask, for fifteen minutes, with 25 e.c.
S04H2 to 160°, and the mixture diluted with
water, no solid wax-like body should separate
(absence of paraftin).
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Carnaiiba or Carnahuba wax is derived from
the carnaûba palrn (Corypha cerifera, Linn,or
Copernicia cerifera, Mart.), which grows in
Brazil, especially in the provinces of Ceara, Bio
Grande do Norte, Piauhy, &c. The young leaves,
of about three feet length, have a coatingofw
on both the upper and under sides, which
appears homogeneous to the naked eye. The m
layer is thicker on the upper side, and cornes offia
scales ; on the lower side it is thinner and more
adhèrent.

The leaves are carefully eut off from the
tree and dried, and by beating and shakingthe
wax cornes off in scales, or as a greyish white
powder. This is eithér melted over an opet
fire or boiled with water, when the foreign
matters fall to the bottom, and the wax doits
and is removed.

Eaw carnaiiba wax is of a dirty greyish,
yellowish, or greenish colour, very kard, brittle,
and easy to powder. In its outward appearantt
it is compact, but penetrated with very mam
air spaces ; it is tasteless, and smells wha
fresh somewhat like fresh hay—i.e. of coumarin:
later, it becomes inodorous. It is purified by
re-melting, and has then a greenish-yellowcolom,
which cannot readily be removed.

Freshly-purified wax melts at 85-86°, anl
solidifies at 80-81°. In the case of old to

the melting-point is 90-91°, the solidifymg
point is 86-87°, and the mass, after cooling.
is somewhat erystalline. The wax, especially
when fresh, on melting diffuses a slight odonr,
which is not unpleasant ; on distillation it gives
a paraffin-like product. The sp.gr. of the was
at 15° is 0-995 to 0-999.

In cold alcohol it is only partly soluble
(melissyl alcohol), in boiling alcohol and ether
it is completely soluble ; the concentrated solu¬
tions solidify on cooling, with séparation of t
white crystallisable mass melting at 105°.

Carnaûba wax, on boiling with caustic po-
tash solution, is coloured reddish ; it is saponifiai
with difficulty by alcoholic potash, and then
only partially.

According to Stureke (A. 223, 314), it con-
tains :—

(1) A hydrocarbon, m.p. 59-59'5°.
(2) An alcohol C26H53CH2OH, m.p. 76°.
(3) Myricyl alcohol C.,sH59.CH„0H, m,p.

85-5°.
(4) A divalent alcohol C„3H4S (CH.OH),, m.j.

103-5-103-8°.
(5) An acid C^HjjCOOH, m.p. 72-5°, isomeiic

with lignoceric acid.
(6) An acid ColiH53COOH, m.p. 79°, identical

or isomeric with cerotic acid.

(7) An acid C^H^^q^1, an oxyacii
corresponding to the lactone C]sH38<^gQf)(l;
m.p. 103-5°.

Compare also Bérard, Bl. [1] 9, 41; Stoiy
Maskelyne, C. J. 7, 87 ; Pieverling, A. 183,344.

Carnaûba wax is extensively used in rnakœ
candies and wax varnish, as much as 1,500,01")
kilos, being yearly exported from the ports®
N. Brazil, in addition to 850,000 kilos, retainw
for internai consumption.

Cow tree or Milk tree wax cornes from fc
American cow tree or milk tree, Palo de 7«
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Brtximum Galactodendroii), which grows on the
mountains of S. America, and is espeeially abun-
tat in the district from Barbula to Lake Mara-
caibo, and also at Caracas. This tree reaches a

beightof 30 métrés, and bas leathery leaves 30 to 40
centimètres in length, and resembling bay leaves
in shape. When an incision is made in the
Irank or branches a milky sap flows out, re¬
sembling cow's milk in colour and taste, but
being of a thicker consistency and having a dis-
agreeable smell. Unlike cow's milk, it is not
coagulated by acids ; in fact, it is somewhat
acid itself, and, unlike other milky saps, it does
not taste sharp or bitter. The milk flows so
freely that in half an hour a litre bottle can be
ïlled; the liquid is drunk by the natives like
cow's milk, and it is also used for tea, coffee, or
cocon.

When exposed to the air, the milk forms a
eheeselike skin. If the milk be boiled, the wax

separates, to the extent of 30-35 p.c., as a yel-
lowish resinous, waxy solid.

The wax is somewhat translucent, and can
le kneaded ; it melts at 50-52°, it is partially
saponifiable, and in its external appearance it
most resembles beeswax of ail the vegetable
waxes. It makes very good candies, burning
with a bright flame. It is completely soluble in
boiling alcohol (v. Marchand, J. pr. 21, 43).

Fig or Java or Getah wax cornes from the
ratfig tree, Ficus ceriflua or F. cerifera, Blume,
which grows in Java, espeeially in the western
and central districts ; also in Sumatra and
Ceylon. This tree eontains a milky sap, which
jields the wax on evaporation over an open tire
and subséquent treatment with water. The
wax has a reddish-brown colour, which in the
interior becomes almost a rosy red. After
bleaching it becomes a pure white ; it is easily
friable, softens at 45°, and melts at 56-57°. It
is used in making candies.

Insect wax (also called Chinese wax, vegetable
spermaceti, tree wax, and sometimes, but incor-
rectly, Japanese wax) is the sécrétion of an
insect, Goccus ceriferus, Fabr., or Goccus pela,
Westwood. The Chienehang valley, which is
about 5,000 feet above the level of the sea, is the
great breeding-ground of the wax insect. One
very prominent tree there is known to the
Chinese as the insect tree. It is an evergreen,
with the leaves springing in pairs from the
branches, very thick, dark-green, glossy, ovate,
andpointed. In May and June the tree bears
clnsters of white flowers, which are succeeded
by a fruit of a dark-purple colour. The Kew
authorities liave come to the conclusion that it
is Ligustrum lucidum, or large-leaved privet.
In Mavch, when Mr. Hosie saw the trees, he
found attached to the bark of the boughs and
twigs numerous brown pea-shaped exorescenees.
The larger of these were readily détachable,
and, when opened, presented either a whity-
brown pulpy mass or a crowd of minute animais
like flour, wliose movements were just percep¬
tible to the naked eye. From two to three
months later these had developed in eaeh case
into a swarm of brown créatures, each provided
with six legs and a pair of antennœ ; each of these
was a wax insect. Many of the excrescences
also contained either a small white bag or
cocoon covering a pupa, or a perfect imago in

the shape of a small black beetle. This beetle
is a speeies of Brachytarsus. If left undisturbed,
the beetle, which is called by the Chinese the
' buffalo,' will, heedless of the cocci, continue to
burrow in the inner lining of the scale, which
seems to be its food—the beetle is, in fact,
parasitie on the coccus. When a scale is
plucked from the tree the cocci eseape by the
orifice which is made. Two hundred miles to
the north-east of the Chienehang Valley, and
separated from it by a sériés of mountain ranges,
is the town of Chiating, in which insect wax, as
an article of commerce, is produced. The scales
are gatkered in the Chienehang valley, and are
made up into paper paekets, each weighing about
16 ounces. Sixty of these paekets make a load,
and are conveyed by porters from Chienehang
to Chiating (in former years there are said to
have been as many as ten thousand of these por¬
ters). Tliey travelonly during thenight, in order
to avoid the high température of the day, which
would tend to the rapid development of the in-
seets and their escape from the scales. At the
stopping-places the paekets are opened out in
cool places ; but in spite of this, each packet is
found to have lost on an average an ounce in
transit. A pound of scales laid down in Chiat¬
ing, in years of plenty, costs about half-a-crown ;
in bad years the price is doubled. In favourable
years a pound of scales will produce four to five
pounds of wax. In the plain around Chiating
the plots of ground are thickly edged with stumps
varyingfrom 3 or 4 to 12 feet high, with numerous
sprouts rising from their gnarled heads, and
resembling at a distance our own pollard willows.
The leaves spring in pairs from the branches,
and are light-green, ovate, pointed, serrated, and
deciduous. The tree is said to be in ail pro-
bability the Fraxinus chinensis, a speeies of
ash. On the arrivai of the scales from Chien¬
ehang about the beginning of May, they are
made up in small paekets of from twenty to
thirty scales, which are inclosed in a leaf of the
wood-oil tree. The edges of the leaf are tied
together with a rice straw, by which the packet
is suspended close under the branches of this
ash, or white-wax tree, as the Chinese call it.
A few rough holes are drilled in the leaf with a
blunt needle, so that the insects may find their
way through them to the branches. On emer-
ging from the scales the insects creep rapidly up
the leaves, among which they nestle for a period
of thirteen days. They then descend to the
branches and twigs, on which they take up their
position, the females doubtless to provide for a
continuation of the race by developing scales in
which to deposit their eggs, and the maies to
excrete the substance known as white-wax.
This first appears as an undercoating on tlie
sides of the boughs and twigs, and resembles
sulphate of quinine, or a covering of snow. It
gradually spreads over the whole branch, and
attains, after three months, a thickness of about
a quarter of an ineh. After the lapse of a hun¬
dred days the deposit is complété, the branches
are lopped off, and as much of the wax as pos¬
sible is removed by hand. This is placed in an
iron pot of boiling water, and the wax, on rising
to the surface, is skimmed off and placed in a
round mould, whence it emerges as the insect
wax of commerce. Where it is found impos-
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sible to remove the wax by hand, the twigs and
branches are thrown into the pot, so that this
wax is darker and inferior. The inseots, which
have sunk to the bottom o£ the pot, are placed
in a bag and squeezed of the last drop of the
wax, and are then thrown to the pigs (Nature,
January 29, 1891).

Insect wax is quite différent from Japan
wax, though often confounded with it. It is of
a white colour, with a trace of yellow, and has
a crystalline structure. It is very like sperma-
ceti in appearance, but more fibrous and con-
siderably harder, and can almost be powdered.
It has no taste or smell ; its sp.gr. at 15° is
0-970 ; it melts at 82° to 83° ; it is very slightly
soluble in alcohol and ether, but is very easily
soluble in benzene, from which it can be obtained
in a crystallised state. It is only saponified by
boiling potash with great difficulty. It is com-
posed of ceryl cerotate C27H35.C2IH3302 in a nearly
pure state.

In China and Japan it is used for making
candies, which give a mueh better liglit than
ordinary candies. Candies made from the fat
of Stillingia sebifera (Micha.) receive an outer
coating of this wax to prevent guttering. Other
uses are for polishing furniture and leather,
as a sizing for paper and cotton goods, for
imparting a gloss to silk, and also externally
and internally in medicine.

Japan wax is the most largely utilised of
ail the plant waxes. It is obtained from lVius
succedanea (L.), and from one or two other
species of Bhus growing in China and Japan ;
but the export from China is very small in pro¬
portion to that from Japan. In li. succedanea
the wax lies among the fibres of the pericarp of
the fruit, which is about the size of a pea. To
ohtain the wax, the fruit, either whole or freed
from its kernel, is either bruised or else ground
between the millstones. The mealy product
is boiled with water in large kettles, the wax
is skimmed off, and after several re-meltings
to remove impurities is cast into tablets. Another
plan is to first thrash the fruit, then, after dry-
ing for fourteen days, to slightly roast it and
grind it between millstones. The meal is then
placed in linen sacks, subjected to the action
of steam, and pressed in a screw press.

Keeently ether or carbon bisulphide have
been employed to extract the wax, and the re-
sulting wax is not so green as that obtained by
pressing, so the pressed wax is bleached to
improve its colour by breaking small, planing,
washing with water, and exposing to the sun,
and the produets are classified, according to the
degree of bleaching, as raw wax, second wax,
and first wax.

In order the better to get out the wax left
in the residue, an addition of 10 p.c. of perilla
oil (the oil from Perilla ocymoides, L.) is repeat-
edly added. This affects the consistency of the
wax, and is the reason why both soft and hard
varieties of the wax are met with in commerce.

The wax cornes into the European trade in
the forrn of flat, round dises or cakes, 2 to 3
centimètres thick and 10 to 12 centimètres
across. They are of a pale-yellow colour, and
have a greasy feel. The cakes are sometimes in
the forrn of square tables of the same dimen¬
sions, and these are more easily packed. These

cakes are made by pouring the melted wax im,
clay dishes. They have a waxy appearantt
but are whiter than beeswax, ancl have aneta
or a conchoidal fracture. The freshly-brota
surface is dull, but a eut surface has a ra;
lustre. The wax can be kneaded between fc
fingers, and has a somewhat resinous, falloir,
and rancid smell and taste. On long keepiig
it becomes yellow or brownish, and if it coi.
tains much water becomes covered with a white
dusty growth.

Under the microscope the interior of theiai
proves to be composed of smaller and large
granules, with différent refracting powers, ni
between these grains there occur needle-shape:
crystals of palmitic acid. The yellow onter
portions have the same nature, only they cou
tain more crystals than the interior, and the
white covering is rich in stick-like and broji
prismatie crystals.

Japan wax melts at 53-5-51-5°, solidifies
at 40-5-41°, and in solidifying the tempen-
ture rises to 45-5-46°. The wax has the pra-
perty of becoming transparent when warmedto
a température 10 to 12 degrees below its melfcg-
point. This is one of the reasons that its melt-
ing-point has been differently stated by varice
authorities, who give numbers varyingfromlï
to 55°. If the wax is melted afresh a short fa
after solidifying it melts at 42°, and only aller
a long time recovers its usual melting-point ol
53-5°. The sp.gr. of the bleached wax at 15°is
from 0-970 to 0-980.

Japan wax is insoluble in cold alcohol, but is
easily soluble in boiling 97 p.c. alcohol, andthe
solution on cooling solidifies to awhitegranular,
crystalline mass. Ether dissolves very little i«
the cold, and a hot ethereal solution deposits
flocks on cooling. The wax is readily soluble il
benzene and in petroleum spirit.

It mainly consists of glyceryl palmitate
CaH5(C10H31O2)3. It eontains glyceryl, also ara-
chidate and stearate, amounting to 6-2 p.c, ail
also some free palmitic acid. Its ultimatecon-
position is

Wax purifie]
by ether

C 70-00 73-12
H 12-07 11-85
O 17-93 15-03

100-00 100-00

It is characterised by the ease with which it
can be saponified, and also by the small amont
of ash it eontains (0-02 to 0-08 p.c.). It isliatk
to adultération with water and tallow up to 3!
p.c.

In the East Indies Japan wax is used insteal
of tallow for making candies, and also for gui;
a polisli to turned woodwork. In Europe it is
used for the same purposes, and also for makk
wax matches, and for adding to bleached be»
wax in the manufacture of wax candies in orde
to help the loosening of the candie from tv
mould after it is cast. It is also used to adnl-
terate white beeswax. Owing to its more or le;;
rancid nature it is scareely used in pharnisç
and perfumery, but it is employed in preparit
castor-oil pomade, as the mixture by repeatei
meltings becomes transparent.

Myrtle berry wax is obtained from the is
niyrtle, Myrica cerifera (Linn.), ashrub grosit
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on peaty soll in North America. Tlie fruit is
tara or blackish, and of the size of a pea ; it
sécrétés the wax, and becomes covered with a
snow-white crust penetrated by brown or black
points of the fruitskin, so that the wax ean only
be got oflf as a powder, andnot in eoherent pièces,
lté wax is also got from other Myricaceue—
nameiy, M.carolincnsis (Mill.) in North America ;
3/. caracassana (Humb. and Bonpl.) in South
Imerica, especially in Columbia and Venezuela ;
il.coriifolia (Linn.); M. guercifolia (Linn.) and
H.serrata (Linn.), in the Cape of Good Hope ;
and IL œtliiopica (Linn.), in Abyssinia.

To obtain the wax, the berries are boiled
with water, and the fatty mass that floats on the
surface is skimmed off and poured into fiât
listes ; the yield of wax is from 20 to 25 p.c.

The wax which cornes from the United States
tas a deep-green colour, due to chlorophyll ;
this colour is bleached to a greyish-yellow by
esposure to light and air for several years ; but
lté change extends only a few millimétrés below
lté surface. The taste and smell are feeble and
talsam like ; the Hottentots eat the wax like
cheese. It is harder than beeswax. The spécifie
gravity of the wax at 15° is l'OOO to 1-005 ; the
melting-point is 45°-46°. Cold alcohol and ether
dissolve only very little of the wax, but it is soluble
in 20 parts of hot alcohol, leaving palmitin un-
dissolved. Four-fifths separate on cooling ; 4 parts
il boiling ether dissolve 1 part of wax, most of
which is deposited in an uncoloured condition,
when the ether cools, and the liquid remains a
fine green. Cold oil of turpentine only softens
lté wax, fatty oils dissolve it more readily. It
is easily saponified by alkalis. It contains
much palmitic acid, with little myristic and
stearic acids, mostly free, but a little as gly-
cerides. There is do oleic acid présent, and it
contains -17 to -20 p.c. of asli.

It is used like beeswax, but, owing to its in-
ferior ductility and plasticity, beeswax is mixed
with it when worked. It is liked in America
lor making candies, owing to their giving a
pleasant smell when extinguished.

Ocuba wax cornes from the nutmeg tree
llyristica ocuba (Humb. and Bonpl.), which
grows as a shrub in Brazil and in Guiana. The
Irait is of the size of a small hazel nut, and the
seed is covered with a purple-red mantle. The
Irait, which yields 18 to 20 p.c. of wax, is reduced
to small pièces and boiled with water, when the
wax separates as a layer on the surface, and is
removed when cold. It is of a yellowish-white
colour, and whiter than beeswax; its spécifie
gravity at 15° is 0-920, and it melts at 39°-40°.
It is very slightly soluble in cold alcohol, but is
completely soluble in boiling alcohol and ether.
It is used for making candies, but always in ad-
mixture with other materials, owing to its low
melting-point.

Palm tree wax, also known as Cerosiline
and Ceroxylin, cornes from the common wax
palm or Andes wax palm Ceroxylon andicola
(Humb. and Kunth), and also from the Klopstock
palm Klopstockia cerifera, Kausten. The first
of these grows in the West Indies and on the
Andes in South America at an élévation of 2,000
to 3,000 métrés ; the stem is 60 to 65 métrés
high, and the feathery leaves are 6 to 8 métrés
long. The second palm, which grows in Columbia,

also has feathery leaves, and reaches the same
height. Both secrete a resin-like wax, especially
out of the rings of the stem, which eover the
stem with a mass of crusts reachingG millimétrés
in thickness.

The wax is scraped off from the stem, and
forms a greyish-white powder ; a man can daily
eut down and scrape two trunks, and thus get
25 kilos, of wax, which is melted over a fire,
and is purified by re-melting. Another method
is to boil the bark with water ; the wax does not
melt, but only softens, and the impurities de-
posit themselves. The wax thus obtained forms
a yellow or yellowish-white mass, and cornes
into commerce either in lumps or in the form of
balls. Its fracture is conehoidal, and in hard-
ness it is like carnaiiba wax. The raw and
purified wax has a spécifie gravity at 15° of
0-992 to 0 995 ; it softens by the warmth of the
hand, but only melts at 102-105°. It is a
mixture of wax and a resin; on dissolving in
much boiling spirit, and allowing to cool, the
wax separates as a somewhat erystalline mass,
and can be purified by repeated washing, and
recrystallisation from boiling spirit. This pure
wax is a whitish-yellow substance, similar to
beeswax, and it melts at 72° to a liquid with a
slight colour. Like earnauba wax, it contains
ceryl cerotate and melissyl palmitate.

Mixed with a small amount of tallow to
diminish its brittleness, palm-tree wax is made
into candies. It cannot be bleached, so the
candies have a lemon-yellow tinge.

Spermaceti or cetine occurs in spécial cavities
of the skull-bones and in the blubber and other
parts of the sperm whale Physeter macrocephalus
(Linn.), also in other cetaceœ, such asDelphinus
tursio (Linn.), anàD.edentulus (Linn.). Sperma¬
ceti is also found in small quantity in the
blubber of Balœorœa rostrata and in the oil of
Delphinus globiceps, Hyperooclone rostratus,
and H. bidens. The spermaceti exists in the
sperm whale, held in solution in the sperm oil
at the température of the animal's body, but
after death it separates out in a erystalline form.
It is strained off and pressed, and treated with a
weak solution of caustic potash or soda to
saponify the adhering oil ; it is then washed
with water, and re-melted in boiling water. Raw
spermaceti is in the form of yellowish and
translucent plates, possessing a leafy structure
and a rancid fishy smell, but it rarely occurs in
commerce in this state. After the treatment
with alkali, it is obtained in white translucent
pièces with a broad leafy erystalline struc¬
ture, and with a feel like talc or soapstone ; it is
nearly without taste and odour, and can be
rubbed to powder. The spécifie gravity at 15°
is 0-943, and the melting-point lies between 50°
and 54° ; the solidifying point is below the
melting-point. If spermaceti be purified by re¬
peated treatment with hot alcohol, the product
has a melting-point some 5° higher, and can be
distilled at 360° without perceptible décomposi¬
tion.

Spermaceti is insoluble in water, very slightly
soluble in cold alcohol, benzene, and petroleum
ether. 40 parts of boiling alcohol of spécifie
gravity 0-830 dissolve 1 part of spermaceti;
on cooling, the greater part separates again
in a erystalline condition. It is very readily
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soluble in ether, chloroform, and carbon bisul-
phide.

Spermaceti is a mixture of différent esters,
but does not eontain glycerides ; by recrystalli-
sation from spirit of wine there separates cetyl
or hedecaiyl palmitate C]6H33.C16H,102. The
alcohol leaves on evaporation an oil, the cetine-
lain of Berzelius, which saponifies with diffi-
eulty, giving œtinelaic ac.id, which is distin-
guished from oleic acid in that it forms a lead
sait insoluble in ether, and gives no acrolein on
dry distillation. Spermaceti is saponified with
great àiffieulty. Besides cetyl palmitate it con-
tains small quantities of other compounds which
give on décomposition stearic, myristic, and
laurostearic acids, as well as the eorresponding
alcohols, which Heintz (P. 81, 267, 553) calls
steathal ClsH,sO, methal ChH30O, and lethal
cj2h260.

The ultimate composition of spermaceti is :
C 80-03 p.c.
H 13-25 „

O 6-72 „

100-00 „

Spermaceti is not easily adulterated, since
every admixture causes it to lose to a great ex-
tent its charaeteristic properties. Wax is to
some extent mixed with it, but it should not be
so abundant as to make the spécifie gravity
materially higher or the solution in ether milky.
Tallow can be deteeted by the smell when melted,
or by the smell of acrolein, noticed when a wick
soaked with the spermaceti is lit and blown out ;
also by the substance giving grease spots on
paper. Stearic acid makes itharder, and causes
it to crystallise in smaller leaves, and the
doubtful spermaceti, when boiled with soda solu¬
tion, produces a foam. The presence of paraffin
can be tested for by means of fuming sulphuric
acid, as in the case of wax.

Spermaceti becomes yellowish and rancid on
long exposure to air, but can be purified by re-
melting and treating with dilute caustic soda.
Spermaceti can be distinguished from stearin by
its being scarcely attacked when boiled with
dilute sodium carbonate.

It is used for making candies, which burn
brightly and without smell ; also for dressing
fabries. In pharmacy it is a fréquent consti¬
tuent of cerates, salves, and cosmetics. V.
Chevreul. A. Ch. [1] 7,157 ; Dumas and Péligot,
A. Ch. [lj 62, 5; Heintz, P. 81, 267, 553.

ïï H R
"WAX VARNISH v. Vabnish.
WEISSENFELS LIGNITE EESINS v. Resins.
WEISSGULTIGERZ v. Freibekgite.
WELD. This yellow dye-stuff is the dried

herbaceous plant known as Beseda Luteola. It
is a native of Europe, and has long been culti-
vated in many parts, espeeially in France and
Germany. It is said to be the oldest European
yellow dye-stuff known, having been employed
by the Gauls and other ancient nations. At
présent it is little employed, and its cultivation
in this country has long been discontinued.
The plant attains a height of about a yard, it
has a stiff, straight main stem and several
similar upright flowering branches. It is sown
in June, and gathered, when seeding, in the
following year, being then pulled up by the roots,

dried in the open air, and sold in sheaves, Ht
colouring matter, which is disseminated throagh.
out the entire plant, résides chiefly in the leaves,
seeds, and upper portions of the stems.

Luteolin, the colouring matter of weld, vas
first isolated in the pure condition by ChevrenL
Moldenhauer's method of obtaining it consiste
in extracting the dried plant with bot alcohol,
80 p.c. From the concentrated extract crude
luteolin separates on long standing ; after dis-
solving it in hot concentrated acetic acid, lie
solution is filtered andcooled, and the separated
luteolin is waslied with water and dried inmw.
Besinous impurity is then removed by washing
slightly with ether, and it is then dissolved sut-
cessively in ether and alcohol ; the latter solu¬
tion is considerably diluted with water, then
boiled and allowed to cool, when pure luteolin
crystallises out.

Another method is to precipitate the alcoholic
extract of weld with lead acetate, decompost
the precipitate with hydrogen sulphide, extract
the luteolin from the dried precipitate with
aqueous ether, and crystallise from alcohol, or
from dilute sulphuric acid, acetic acid, or water
mixed with a little alcohol.

Seliiitzenberger and Paraf employ a simple
process for preparing pure luteolin, based on the
fact that it dissolves in considérable quantity iu
superheated water, from which it crystallises on
cooling, leaving resinous impurities undissolved.
The greenish flocculent precipitate of impure
luteolin, obtained on adding water to an alcoholic
extract of weld, is suspended in water and put
into an ordinary strong sealed tube, or into i
glass tube closed at one end and placed in s
strong steel or oopper oylinder fitted withascre»
cap. After heating to 250°C. for about twenty
minutes and then allowing to cool, the upper
portion of the clear liquid is found to contais
numerous erystals of luteolin, while the resinous
impurity remains at the bottom. The latter
yields more luteolin by a further similar treat-
ment, and the luteolin obtained may also be
purified by repeating the process.

Pure luteolin crystallises in yellow quadran-
gular silky needles, frequently forming star-
shaped groups. It has abitter, astringent taste;
it melts about 320°C., and sublimes, with partial
décomposition. It is very sparingly soluble in
cold water, more readily in hot water, slightly iu
ether, but very soluble in alcohol. In caustic
and carbonated alkalis it dissolves freely with
a deep-yellow colour, and in concentrated sul¬
phuric acid with an orange-red colour ; front
the latter solution it is preeipitated unchanged
on addition of water. Although little soluble
in dilute aeids, it is very readily so in hot con¬
centrated acetic acid. Aecording to Chevreul, it
unités with acids. Nitrie acid converts it into
oxalic acid. Heated to 200°C. with phosphoric
anhydride, luteolin is converted into a red sub¬
stance, soluble in ammonia with a violet colour.
Melted with caustic potash, luteolin yields profo-
cateehuio acid, and probably àlso phlorogluciu
By the action of sodium amalgam on an acidu-
lated alcoholic solution of luteolin, the solution
aequires a purple colour similar to that givenby
morin and quercitrin under similar conditions.
An aqueous solution of luteolin is colouredgreen
by ferrie chloride, with lead and aluminium it
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iorms yellow précipitâtes. Luteolin does not
appear to be a glucoside. Its true composition
is still unknown, and various formulœ have been
assigned to it. Schiitzenberger and Paraf give
it as C12H805 when dried at 150°C., or with one
molecule of water when dried over sulpburic
acid. Moldenhauer gives it the formula
C.,HI40s, and Hlasiwetz C,5H10O6, considering it
to be isomeric with paradiseetin.

The importance of weld as a dye-stuff in silk-
and wool-dyeing lias greatly diminished in
conséquence of its lowcolouring power compared
withquercitronbark andflavin, and morerecently
byreasonof the introduction of certain perma¬
nent yellow colouring matters derived from coal¬
tar. Still it has valuabîe spécial properties as a
dye-stuff. In conjunction with aluminium and
tin mordants, it vields very bright pure lemon-
yellow colours, fairly fast to light and soap,
and not changing to an olive or reddish tint, as
is the case with other vegetable yellows. With
chromium and iron mordants, weld gives yellow-
ish and greenish olives respectively. For yellow,
wool and silk are mordanted with alum and tartar
in the ordinary manner, and dyed subsequently
in a décoction of weld with the addition of
chalk to the dye-bath. Weld-alumina yellow is a
standard colour for certain army cloths in this
country. For silk dyeing weld-extraet is still
much sold, chiefly for the production of yellow
and olive colours. Formerly, weld was much em¬
ployai for the manufacture of a yellow alumina-
lake, for the use of artists and decorators.
Ukraturc.

Chevreul, J. Chim. Méd. 6, 157 ; A. [2] 82,
53-126 ; B. J. 11, 280.

Moldenhauer, A. 100, 180 ; D. P. J. 144, 71 ;
J. pr. 70, 428.

Schiitzenberger and Paraf, Bl. [1] 1861, 13 ;
C. B. 52, 92 ; J. (Giessen), 1861, 707.

Hlasiwetz and Pfaundler, A. 112, 107.
Rochleder and Brever, Z. 1866, 602 ; J. pr.

99 433.
Bolley, A. 62, 150 ; 115, 60 ; J. pr. 43, 507.
Wagner, J. pr. 51, 82.
Arppe, A. 55, 101.
Schlieper, A. 58, 369.
Schiel, A. 60, 76.
Weyermann and Haeffly, A. 74, 226.
Elsner, J. pr. 35, 377. J. J. H.
WELDING (Soude, Fr.; Schweissen, Ger.)

is the joining of two pièces of métal under the
hammer at a sufficiently high température.

WESELSKY'S DYES v. Oxazine colouring

liATTERS.

WHAIE OIL V. olls, fixed, and fats.
WHtsEL ORE v. Bouknonite.
WHETSLATES v. Whetstone.
WHETSTONE. Some of the finest wliet-

stones for sharpening edged tools, such as the
'Aïkansas stones,' are made from novaculite, a
rock so called from novacula, a razor. The
sharpening quality is said to be due to the pré¬
sence of disseminated crystalline silica, or, in
some varieties, to minute crystals of garnet or
rntile. The rock is so hard that it has to be eut
with diamond dust. Some of the pure white
novaculite seems to be a siliceous deposit from
hot springs, whilst other varieties are altered
schistose rocks of fine grain. The so-called
•Hindostan whetstone ' is worked in the State of

Indiana, whilst the stone known as ' chocolaté
whetstone ' is a mica sehist from New Hamp-
shire. The famous ' German razor hones ' are

formed of a fine-grained argillaceous rock, occur-
ring in slate near Ratisbon. The Scotch ' snake
stone ' or ' Water-of-Ayr stone ' is used for rub-
bing down the surfaces of other stones and of
copper-plates. ' Tam o' Shanter hones ' are
employed as ordinary whetstones. Coarse whet-
stones, used chiefly for scythes, have been
worked for many years near Blackdown in
Devonshire, and are known as ' Devonshire
batts.' They are made from siliceous concré¬
tions embedded in sand, probably of Upper
Greensand âge. Somewhat similar scythe stones
have been worked at Penzlewood, near Stourton
in Wiltshire (H. B. Woodward, Geol. Eng. 1887 ;
Renard, Mem. Ao. R. Belgique ; Rep. Geol. Surv.
Arkansas, 1890, vol. 3, ' Whetstones,' by L. S.-
Griswold) ; v. Oilstone.

WHISKEY v. Alcohol.
WHITE ANTIM0NY. Valentinite v. Antimony.
WHITE ARSENIC. Arsenious oxide v. Ar¬

senic.

WHITE COPPERAS. Native ferrie sulphate
or cinquinolite Fe.,(S0l|)3.9H„0.

WHITE FLUX v. Flux."
WHITE IRON PYRITES. Ferrie sulphide

or marcasite FeS2 v. Iron.
WHITE LEAD v. Lead ; also Paints and

Pigments.
WHITE METAL v. Tin.
WHITE MUNDIC. MispicTcel v. Arsenic.
WHITE PRECIPITATE. Mercuric ammo¬

nium chloride v. Mercury.
WHITE TELLURIUM v. Tellurium.
WHITE VITRIOL. Zinc sulphate.

ZnS047H„0 v. Zinc.
WHITING. Washed and levigated chalk.
WILLESDEN FABRICS ANB PAPER v.

Cellulose.
WILLIS'S LUTE v. Lûtes.
WINE. Wine, strictly speaking, is the fer-

mented juiee of the Vitis vinifera. The term
British wines is applied to beverages made after
the manner of wine from substances other than
the juiee of fresh grapes.

The vine is cultivated for the manufacture
of wine in the middle and south of Europe, the
northern and southern extremities of Africa,
some of the western parts of Asia, the islands of

l the Atlantic, portions of America—from the
Potomae in the north to the centre of Mexico
in the south—in California, and in Australia.
The number of varieties is very large ; but expé¬
rience shows that the vines employed in par-
tieular districts should either be indigenous to
those districts or be improved varieties of the
indigenous strain. Thus, European vines when
tried in America were but partially successful ;
whilst, on the other hand, American vines trans-
planted to the Gironde degenerated and yielded
no potable wine. The vine grows on chalky,
siliceous, aluminous, and magnesian soil, best
along the borders of rivers, and on ground which,
though not itself soaked with water, can eon-
stantly attract it from the subsoil (v. Thudi-
ehum and Dupré's Treatise on the Origin,
Nature, and Varieties of Wine, 46-99 ; Lenoir's
Traité de la Culture de la Vigne ; Guyot's
Viticulture).
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Vintage and vinification. The methods of
procédure vary with the eharacter of the wine
—i.e. whether white or red wine is to be pro-
dueed. The practice as regards the period of
ripeness at which the grape is gathered varies
considerably ; thus, in the case of Champagne,
where the greatest attainable paleness is desired,
the grapes are gathered before the point of
fullest maturity, whereas the wines of Burgundy
are vintaged when the grapes produce the deepest
colour. Wines from imperfectly-ripened grapes
require longer time to mature after manufac¬
ture, and, theoretically speaking, the grapes
should hang until excessive dryness or danger
of frosts threaten ; but other and conven-
tional considérations, sueh as colour, have to be
taken into aceount. In exeeptional instances,
as in the Sauterne district, those berries only
are eut ont of the bunch which have attained
the desired point of ripeness ; but the common
practice is to gather ail the grapes carried by the
vines, the vintagers either separating immature
and spoiled berries as they proceed, or carrying
the whole bulk to a kind of specialist, who per¬
forais this part of the labour. Whichever course
may be taken, the selected fruit is carried to the
press house, and the question then arises whether
the stalks are to be removed or pressed with the
grapes. In the case of white wines the almost
universal practice is to leave the grapes upon
the stalks, for the reason that the resulting
liquor is almost at once separated from the
marc, and before the astringent principle of the
stalks can be communicatedtoit, whereas in the
case of red wines they must be allowed to re¬
main upon the marc for some time, and the
stalks are removed. The commonest mode of
séparation is to cause the grapes to pass through
a sériés of sieves, by which the stalks are re-
tained. The grapes are now crushed, either by
being trodden underfoot in vats or by being
passed through machines furnished with grooved
rollers, the one thing to be avoided in either
case being the bruising of the seeds and stalks
if these have not been removed. The next pro-
cess is pressing. The machines employed for
this purpose were formerly boxes, so made

that the must was expelled through apertures tj
superincumbent pressure exerted by a scret;
but latterly centrifugal machines bave b«
employed, with a saving of labour and time. k
white wines the must is separated as much ss
possible from the marc before pressing ; whilst
in the préparation of Champagne the grapes an
not crushed at ail previous to being placed in
the press. In the case of red wines the colour
is obtained by allowing the juice from the
crusliing to ferment, after which it is stined
with the grape husks, whereby the requisite
amount of colouring matter is dissolve! So
much of the must as can be drawn off by tap;
is run off by that means, and the marc is presse!;
the two portions of the must are then added to-
gether. The proportion of must dépends upon
whether the stalks are removed or not ; in the
former case it is about 95 to 97 p.c. of the
whole, in the latter it may only be 70 p.c.

Fermentation. White wines are generallj
fermented at a température of 10° or 12° in
barrels with only the bunghole open for the
escape of earbonie acid gas. Bed wines an
ordinarily fermented in vats open at the top, on
account of the bulk caused by the rétention «I
the husks and the necessity of stirring, ai
opération variously performed during or at the
completed period of fermentation, accordingto
the district. When fermentation is Completel
—i.e. after 10 to 14 days—the liquor has te-
corne clear, the yeast cells and other suspended
matters are deposited at the bottom of lie
vessel, and the ' young ' wine is racked «!
and allowed to rest for some time, after which
it is again racked into clean casks in order t»
mature.

The young wine slowly loses its sugar t;
after-fermentation, and albuminous substances,
colouring matters, together with the acid potas¬
sium tartrate, and calcium tartrate, separateoit.
forming a crust known as argol or argal (j.r.:
also Tabtakic acid).

The général nature of grape-juice may te
seen from the following analyses byNeubaueroi
musts obtained in the Bhine district in 1871
(Fr. 15, 201, 1870)

Steinberger Marcobrunner

Selected Second quality Selected Second quality

Sugar 18-59 16-35 18-94 16-62
Free acid ...... 0-53 0-60 0-60 0-60
Albuminoids .... 0-25 0-26 0-27 0-23
Minerai matter 0-29 0-27 0-28 0-28
Extractive matter .... 4-71 4-21 4-13 4-05

24-37 21-69 24-22 21-78
Water 75-63 78-31 75-78 78-22

100-00 100-00 100-00 100-00

Sp- gr 1-0949 1-085 1-0969 1-087

Systematie examinations of the musts pro-
dueed in various parts of Germany are now
annually made and published in Fresenius'
Zeitschrift fur analytische Chemie. (For a
sériés of déterminations of tlie sp.gr. acidity,

and ash of grape juice from différent wine-pio-
dueing districts v. J. Carter Bell, An. 4,191.)

The higher the température the sooner fc
fermentation is finished ; at low températures!
moderate fermentation talces place, which t«-
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wmes more violent as the liquid beeomes
warmer, and reaehes a maximum at 27°. By
the employaient o£ high températures a must
rich in sugar can be converted into a wine feebly
alcoholic, sweet, and yet having tasting proper-
lies. Médium musts are best fermented at from
20° to 24°, and this température is reached when
the fermentation begins at 15° (Millier, B. C.
1833,783; C. J. Abst. 1884, 647). A tempéra¬
ture of 100° is not fatal to the fermentation of
must, provided the latter contains oxygen.

Influence of the ' marc ' on wine. By allow-
ing the skins and stones of ripe grapes to remain
h contact with the must, the resulting wine is
saidto improve in bouquet &c., andis less liable
to become stale and ropy. In order to redden
wine with the skins of black grapes the tempéra¬
ture of the wine should be between 15° and 17°.
Bad grapes impart to white and red wines
a brown colour. Suoh wines soon become
turbid. Bad grapes and mildewed skins, as well
as bad casks and puncheons, precipitate the red
colouring matter, so that the wine beeomes pale.
The following are some of the cases in which the
treatment of wine with 'marc ' has been suceessful :

-Wine which is muddy and cannot be clarified
by the ordinary fining agents ; wine in which a
fining agent has been used which failed to sink
to the bottom ; wine which has become weak
and fiât ; wine which is assuming or has as¬
sume! a black colour ; wine having a barrel
taste or a by-taste ; wine which is ' corked ' ;
wine remaining after easking off ; and wine
which is obtained by pressing the lees. In cases
where the fermentation of new wine has been
checked suddenly, the addition o£ marc prevents
the séparation of yeast (J. Nessler, C. C. 1882,
265; C. J. Abst. 1882, 1014).

The second fermentation of light wines rich
in sugar, such as the ' vins de coupage ' when
kept in casks for daily consumption, may be
prevented by carefully heating the wine to
55-60° in a specially-constructed apparatus,
and storing it in casks previously well washed
with boiling water. The air which enters the
flask when the wine is drawn off is filtered
through cotton wool. This treatment does not
appreciably affeet the composition, colour,
flavour, or any other property of the wine
(Houdart, C. B. 97, 55). When wine beeomes
sour there is a diminution in the amount of
estract matter, and gum, sugar, and other
substances which décomposé Behling's solution
disappear completely. G-lycerin also decreases
in quantity, as also does the cream of tartar,
whilst the free tartarie acid disappears alto-
gether. On the other liand, the potash increases
in quantity, owing to the décomposition of the
deposit of cream of tartar (Caries, B. C. 1883,
790).

_

lVine contains alcohols, glycerin, acids, salts,
estractive matter, and those prineiples which
give to it its particular colour, spécial flavour,
smell, or bloom (bouquet, Blume). Whilst
some of the constituents can be accurately
isolated and described, others can only be de-
tected by the smell. The principal aleohol is
ethyl aleohol. In rare instances some butyl
aleohol, and in others amyi aleohol, together
with ethylene glycol and isobutyl glycol (Hen-
niger), are présent. The quantity of aleohol in

natural wines from grapes varies from 6 to
12 p.c., and the quantity of glycerin from 7 to
10 p.c., of the aleohol présent. The acids pré¬
sent are tartarie, malic, and tannic acids, due to
the original grape juice. These greatly aid in
the préservation of the wine by preventing tlie
formation of fungi. As regards the origin of
the fixed vegetable acids of wine, H. Brunner
points out (C. C. 1877, 4) that malic, succinic,
glycollic, and oxalic acids—which are found in
unripe grapes, together with tartarie acid—may
either be formed by direct building up of the
molécules in the plant, or their formation may
be partly direct and partly indirect. The latter
assumption seems to agree best with laboratory
results, and the following sériés, starting from.
the hypothetical carbonic acid C03H.,, may
represent the graduai change of carbonic acid
into other vegetable acids under the reducing
influence of light :—

2CB-A, + H,= CJI-O, + 2ÏLO ;
Carbonic acid Oxalic acid

C-HA + H2 = C2H2Os + ELO ;
Glyoxylic acid

2C2ha+h2=c4hço6;
Tartarie acid

C4HI;O0 + H, = C4HO05 + H20 ;
Malic acid

aHA+H^cftOs;
Glycollic acid

C4H605 + H, = C4H60.4 + H_,0.
Succinic acid

This sériés of transformations is supportsd by
various chemical observations. It is known that
formie and oxalic acids are the first reduetion-
products of carbonic acid. When other reducing
agents—e.g. hydrogen—act on oxalic acid in the
form of ethyl oxalate, glyoxylic. acid is first
formed, and from this acid either glycollic, tar¬
tarie, or deoxalic acid is obtained, according to
the number of molécules added to the molécule-
of hydrogen, thus :—

C;H303 + H2 = C2H403 ;
Glyoxylic acid Glycollic acid

2c2h2oa+h2=c4ha;
Tartarie acid

3C2H203 + H2 = CgHgOg,
Deoxalic acid

The change of oxalic acid and glyoxylic acid by
hydrogen is well known ; the formation of tar¬
tarie acid from glyoxylic acid by the same reac¬
tion was demonstrated by Debus in 1873, and it
is further known that tartarie acid is easily
transformed by reducing agents into malic acid,.
and thenee into succinic acid. Brunner there-
fore believes that the same successive reactions

go on in the plant ; that malic and succinic
acids contained in the grapes are deriva-
tives of previously-formed tartarie acid, and
that the latter is produced by the influence of
light in the chlorophyll cells from carbonic acid
and water, glycollic glyoxylic, and oxalic acids
occurring as intermediate bodies. The juice of
unripe grapes appears, in fact, to contain malic,.
glycollic, and succinic acids, in addition to tar¬
tarie ; and in the juice of very young grapes,
gathered just after the flowers had withered,.
Brunner and Brandenberg liave found an acid
exhibiting the eharacters of glyoxylic acid. The
occurrence of succinic acid in grape juice is in
accordance with the fact that this acid is also
found in wine. It is, indeed, erroneous to impute
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the total acidity of wine to tartarie acid, inas-
much as succinic acid is often présent in much
larger proportion (C. J. Abst. 1877, 883). Car-
bonie, acetic, formie, and succinic acids, in
addition, are produets of fungi fermentation.
Traces of other fatty acids—such as propionic,
butyric, and œnanthic acids—are also présent in
wine, together with aeetaldehyde, and possibly
its homologues. Tartarie acid oceurs mainly as
the dextro- variety ; lœvo- tartarie acid is only of
comparatively infrequent occurrence. If tartarie
acid is not found-as, for example, in certain
samples of sherry—its absence is probably due
to its removal by ' plastering,' to which refer-
ence is made later on. The amount of free acid
in sound wine, reckoned as tartarie acid, varies
between 0*3 and 0-7 p.c. ; a greater amount than
this imparts sourness to the wine. The charac-
-teristic smell of wine is said to be due to œnan¬

thic ether. These compound ethers probably
•confer the bouquets which distinguish one
vintage from another. Among them are aceto-
propylic, butylic, amylic, caprylie, butyro-ethylic,
•caprylo-ethyîic, capro-ethylic andpelargo-ethylic,
and the tartarie ethers.

According to Jacquemin (C. E. 110, 1140),
the characteristic bouquets of wines are due to
the spécial characters of the yeast used in each
-district. One and the same must fermented
with the yeast obtained from several différent
districts gave wines having the bouquet charac¬
teristic of the district from which the partieular
.yeast had corne.

Babo states that the bouquet of the wine
from Riesling grapes is produced by the action
of frost ; wines from other grapes also possess a
like bouquet if the grapes are frozen. Rommer
(Bl. [3] 2, 297) fermented the juiceof an inferior
grape and of hot-house grapes respectively with
yeast cultures obtained from the Champagne,
Côte d'Or, and Baxy districts, and found that in
■each case the wines had the bouquet of those
from which the yeast has been derived.

According to Berthelot, the amoimt of the
•ethers in wine is, after a certain time, a constant
quantity independent of the nature of the alco-
hols and acids, but a function only of their
relative amount : If A be the percentage weight
•of alcohol in the mixture, a the amount of alco-
hol équivalent to the total free acid contained in
one litre of wine, on the assumption that it is
acetic acid (46 alcohol = 60 acetic acid), y the
proportion p.c. of a présent as compound ether
in one litre of wine when the aleoholic strength
of the wine is A, and x be the amount of alcohol
présent in the compound ethers of one litre of
wine ; then

y=l'VJA +2-8

The alcohols other than ethylic alcohol présent
are left out of the account, but as they are insig-
nificant in amount the error is trifling. This
formula affords a mode of judging of the âge
and genuineness of wines. The alcohol contained
by the décomposition of ail the ethers rarely
exceeds 0-06 p.c. of the wine. (For Thudichum
and Dupré's method, v. l.c. 203.)

Sugar in wine. The sugars occurring in
.must and in wine are dextrose and lœvulose.

Cane sugar is never naturally présent in must,
but it is sometimes added, as in the case of
Champagne, but even then it is rapidly tas-
formed into invert sugar. Glycerin is formel
as a product of the sugar by fermentation,
parts of cane sugar or 105'26 parts of grape
sugar yielding 3-69 parts of glycerin. In some
wines—as e.g., Sauternes and sweet Bhineras
—sugar occurs in the form of inosite.

The colouring matters in wine are due ta
two sources. In white wines- -which range from
an almost colourless liquid, as Champagne, to
the deep yellow sherry—the colour is derived
from the oxidation of the so-called extractra
contained in the juice, which, as was before
explained, is separated from the husks as quickly
as possible. In red wines the colour (œno/in;
œnotanniri) is due to the matter contained in the
husks, stalk, and seeds, which is soluble only by
the joint action of acid and the alcohol formel
during fermentation. This colouring matter,
when isolated, dissolves in water or alcohol with
a faint greyish tinge, which, on adding a trace oi
an acid, assumes a bright-red colour. When
exposed to the air, it takes up oxygen, especially
when heated, the compound becoming darker
and more and more insoluble, and remaining on
evaporation as an opaque coating, which dries
up to scales. It is still soluble in alcohol, with
a purple colour. On adding water the solution
remains clear at first, and a preeipitate is slowlj
formed ; quickly, however, when a trace of an
acid is added. The dried preeipitate forms a
hard amorphous mass, having a metallic reflec-
tion. On heating the powder with a little cou-
centrated potash, it first turns green, then rel,
and, after a few moments, it dissolves. Acids
preeipitate from the alkaline solution a gela-
tinous mass, which is soluble in alcohol an!
re-precipitated by acids (E. Duelaux, C. E. 18,
1159). The colouring matter of wine may la
estimated with sufEcient aceuracy for techno-
logical purposes by preeipitating the wine with
neutral lead acetate, decomposing the précipitait
with sulphurie acid, and titrating the acid solu¬
tion with potassium permanganate. One part ol
permanganate corresponds to 1*5 of œnolin (E.
Grassi, G. 4,266 ; C. J. Abst. 1875, 484). By
this process, wine is found to contain 35 ta
90 centigrams of colouring matter per litre;
but the method is open to the objection that
the colouring matter, dried at 100°, taken as
the standard, may be already partially osi-
dised. Moreover, the opération being performel
on 5 to 10 c.c. of wine, the errors are ei-
aggerated 100 to 200 times in the results given
per litre (C. J. Abst. 1874, 716). Some addi-
tional amount of tannin is also impartedtoriae
by the oak of the casks during maturing. Cara¬
mel is added to some wines—c.g. brown sherry.
The grapes of some of the best red wines yiell
an almost colourless juice if pressed before fer¬
mentation, and it is only by the action of fer¬
mentation upon the marc that the colour is
extracted from it. Mulder separated the colour¬
ing matter contained in red wines by means ol
lead acetate, and found it to eonsist of a sub¬
stance which was bluish black in colour and
amorphous in structure. It is only sparingly
soluble in alcohol, insoluble in water, ether,
chloroform, Carbon bisulphide, oil of turpentine,
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oil ot olives ; but soluble in solution of tartaric
itid ot cream of tartar, and in alcohol containing
i trace of acetic acid, the saturated solution
showing a blue oolour ; more acetic acid turns
tte solution red. It is soluble also in alcohol
containing tartaric acid, exkibiting a red colour,
but neither of these acids renders it soluble in
ether or chloroform. The colour of wine, con-

sequently, dépends both upon the amount of
colouring matter and the amount of free acid
contained in it, as the violet colour becomes
redder in proportion to the quantity of free acid
acting upon the blue colouring matter. The
colouring matter precipitated by hydrochlorio
acid—in wbicli it is deposited slowly at the
ordinary température, but more rapidly on boil-
ing-lias been examined by Terreil (Bl. 44, 2).
Ile preeipitate always contains a substance
resembling ulmic acid, from whieh tlie colouring
principle may be dissolved out by alcohol. Thus
obtained it forms brittle varnish-like scales,
insoluble in water and ether, but readily soluble
in alcohol, forming a brownish-red solution with
a slightly yellowtinge. Acids change this colour
to an intense red, while alkalis give a green
colouration, which changes rapidly to a brownish
vellow on exposure to the air (cf. 0. Griess-
inayer, D. P. J. 123, 531 ; C. J. Abst. 1887, 368).
The small quantity of ammonia which is présent
in grape juice, or is formed during fermentation
out of the albuminous substances, is for the
most part precipitated during fermentation

as magnésium-ammonium phosphate ; a small
amount, however, remains, and in some wines is
accompanied by minute traces of trimethyl-
amine—the amount varies from *0057 to -0113
p.c. (Kilicsan).

The albuminous substances in the graper
which set up the ferment, ought by that action
to be removed in the yeast when the fermenta¬
tion is properly carried out. In imperfectly
fermented wines a certain amount remains, and,
in the case of white wines, may again render
them liable to fresh fermentation. In red
wines this danger is obviated by the presence of
the tannin of the husks, which préserves the
albuminous matter from change.

The so-ealled extractives which remain after
the extraction of the total solid constituents are

characteristic of their origin, and contribute to
the smell and taste of wine. Their composition
is still very obscure.

The inorganic substances contained in wine
are potash, soda, lime, magnesia, in eombination
occasionally with phosphoric and hydrochlorie
acids. Sherries contain potassium sulphate in
excess, owing to the practice of adding gypsum
to the must. As regards the amount of alcohol,.
a very comprehensive set of tables, embracing
the results of the examination of 133 wines, is
given by Thudichum and Dupré (Treatise on
the Origin, Nature, and Varieties of Wine,
281-304), from which the following résumé is
compiled :—

German wines (excluding
one abnormal sample),-{
85 samples

Frencli wines, 22 samples

Spanisli wines, 22 samples -

Sicilian wines, 6 samples . ^
Portuguese wines, 14 j

samples . . . . |^
ian wines, 10 f

samples .

Greek wines, 8 samples . j
Cape wines, 7 samples . j
Atlantic Islands, 3 samples •

Elba wines, 1 sample.

Australian wines, 5 samples -J

Sp.gr. of
wines

991-26
to

1000-24
989-34

to
1027-00

985-98
to

1004-74
994-11

to
1001-34
986-95

to
1008-43

989-42
to

994-27
992-25

to
1113-53

991-03
to

1013-52
993-94

to
997-10
993-02
985-05

to
1018-86

Sp.gr.
minus
alcohol

1007-45
to

1014-58
1006-34

to
1040-89
1009-34

to
1029-97
1018-56

to
1025-36
1010-24

to

1033-19
1006-80

to
1010-88
1011-02

to
1126-84
1018-87

to
1038-09
1018-95

to
1022-90
1016-72
1006-95

to
1045-00

Sp.gr. of distillate

Found

3

981-36
to

987-49
974-73

to
985-93
972-54

to
981-05
975-41

to
975-68
971-86

to
983-98
981-27

to
985-52
979-04

to
986-45
966-22

to
975-57
973-94

to
974-44
976-40
973-53

to
983-09

Calculated

4

981-90
to

987-77
975-05

to
986-71
972-60

to
981-21
975-45

to
975-98
971-90

to
984-95
981-35

to
982-98
979-30

to
986-69
966-29

to
976-36
974-20

to
974-99
976-30
973-86

to
983-90

Percenfcage of alcohol
by weight in volume

According
to Col. 3

5

11-88
to
7-35

17-05
to
8-41

18-77
to

12-11
16-50

to
16-27
19-24

to
9-78

11-96
to

11-05
13-60

to
8-06

22-36
to

16-36
17-66

to
17-30
15-70
17-99

to
10-62

According
to Col. 4

11-47
to
7-17

16-81
to
7-88

18-71
to

12-00
16-55

to
16-03
19-20

to
9-09

11-89
to

10-68
13-41

to
7-91

22-31
to

15-72
17-44

to
16-81
15-80
17-73

to
10-03
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The following analyses of pure wines by E. Fresenius and E. Borgmann (Fr. 22, 46) ■,
also of interest :

Analyses of wines.
(100 c.c. contain grams.)

—

Red Main
"Wines

White Main Hocks
White
Frencli

lied
Frenck

Moselle

f Maximum 9*51 10-15 10-39 9-84 9-32 8-72
Aleohol . . Minimum 9-49 8-90 6-42 9-05 7-99 7-04

[ Average 9-50 9-52 8-77 9-44 8*56 8-08
2-44

1 Maximum 3-30 2-78 3-00 2-62 2-67
Extractives . Minimum 2-70 2-16 1-86 2-47 2-17 1-92

{Average 3-00 2-43 2-32 2-54 2-44 2-11
C Maximum 0-35 0-20 0-30 0-28 0-27 0-20

Minerai matter. < Minimum 0-29 0-17 0-16 0-24 0-21 0-15

L Average 0-32 0-19 0-22 0-26 0-25 0-18
1 Maximum 0-62 0-80 0-01 0-71 0-58 0-95

Acidity . . Minimum 0-54 0-54 0-48 0-54 0-48 0-64
1 Average 0-58 0-69 0-66 0-62 0-54 0-79

j Maximum 1-23 1-34 1-28 1-00 0-99 0-85
Glycerin . . Minimum 1-16 0-86 0-64 0-88 0-75 0-66

1. Average 1-19 1-10 0-92 0-94 0-86 0-73

C Maximum 0-082 0-069 0-050 0-019 0-027 0-018

Sulphuric acid . Minimum
[_ Average

0-070 0-027 0-045 0-015 0-006 0-006
0-076 0-044 0-047 0-017 0-013 0012

1 Maximum 0-065 0-057 0-048 0-046 0-037 0-056
Phosphoric acid Minimum 0-065 0-033 0-026 0-023 0023 0-039

l Average 0-065 0-039 0-040 0-034 0-027 0-047

The mutual relations of the différent con-

stituents are on the average as follows :
Aleohol : glycerin . . . = 100 : 10-5
Extract : aeidity . . . = 1000 : 16-6
Acidity : minerai matters . = 10 : 3-4
Minerai matters : extractives. = 1:11-2
Phosphoric acid : min. matters = 1:6-8
Sugar solution wines. The possibility of

increasing the quantity of fermentable extract
from a given quantity of grapes by the addition
■of sugar and water seems to have been first
suggested by Chaptal. The process in France
was worked out by Petiot in 1852. It consisted in
adding to the juice before it has time to ferment
an equal quantity of sugar solution containing
the same amount of sugar as the original must.
A similar process, known as ' Gallising,' from
its inventor Gall, is also practised in Germany.
The must of bad years, which contains a de-
iiciency of sugar and an excess of acid, is mixed
with sugar, preferably cane sugar, so as to bring
the amount of sugar in the liquid to about 20
p.c., and to reduce the amount of acid to about
2 p.c. Frequently, however, an impure dextrose
made from potato or maize starch is used ; this
addition can frequently be detected in the
finished product by its power of turning the
plane of polarisation to the right.

The acidity of natural wine can be reduced,
as suggested by Liebig, by the addition of
neutral potassium tartrate, which throws down
the free acid, if présent as tartaric acid, as acid
potassium tartrate. Wine déficient in aleohol
and containing much acid may often be im-
proved by adding to it the pressed residue of a
succeeding vintage (cf. J. Nessler, B. C. 1884).

A considérable quantity of wine is now made
by covering the marc with an aqueous solution
of sugar, and allowing the mixture to ferment.
The sugar solution contains 18 grms. per litre

for every degree of aleohol which it is desired
■to obtain, and 250 grms. of marc are used ior
each litre of solution. Analyses of wines pie-
pared in this way by Girard, and of other
samples found in commerce, prove that these
wines have an approximately definite composi¬
tion. When they contain from 9 to 10 degrees
of aleohol, the proportion of soluble matter,
cream of tartar, tannin, and colouring matter is
much less than in the ordinary vintage wines.
The amount of solid matter varies from 14 to
18 grms. per litre ; the amount of cream of
tartar is about 2 grms., but not less than 1-6
grm. per litre ; whilst the proportion of tannin
and colouring matter varies eonsiderably with
the nature of the marc. No advantage is gained
by allowing the liquid to remain in- contact with
the marc after fermentation has ceased; on the
contrary, the proportion of solid matter, 4-c., is
diminished. No advantage is gained by in¬
creasing the proportion of the marc per litre of
sugar solution, but the amount of colouring
matter and tannin is eonsiderably increasedty
mixing the marc with the stalks of the grapes.
Girard concludes that those wines constitute »

highly useful beverage, and can be produced it
a very low cost (A. Girard, C. E. 95 , 227; C.J.
Abst. 1882, 1335).

Plastering of wine. The practice of adding
gypsum or plaster of Paris to must, eithir
before or after fermentation, which prevails in
Spain, Portugal, and the South of France, is
said to have for its object the réduction of fie
amount of the water in the juice, and the pro¬
duction, consequently, of a must relativelyricta
in sugar. The fermentation is much more rapid
and complété, and it is alleged that the ri»
keeps longer when it has been plastered, ani
that the colour is richer and more lasting. This
explanation leaves something to be desired, k
cause the sacrifice of other constituents of juiM
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than water by the absorption of plaster is en-
iiiely out of proportion to any gain by the
absorption of the water, and the resuit desired
tould be attained either by the addition of 2
p.c.ofsugarorthe evaporation of about llp.c. of
rater. The action of the calcium sulphate on
the bitartrate of potash in ordinary wine pro¬
duces an acid sulphate of potash, which gradu-
ally forms the normal sait by décomposition of
the phosphate présent, forming free phosphoric
acid, and in wine treated with lime sulphuric
acid in a free state and magnésium sulphate.
Hence a plastered wine is relatively rich in
potash and sulphuric acid. Plastering also dé¬
composés the neutral organie potassium com-
pounds existing in the juice of the grape. The
Academy of Medicine of Limoges instituted a
lengthened inquiry on this subject in 1888, and
reporte! unfavourably on the effects of plastered
irine upon health. It is probable that the reason
of the practice, although unknown to those who
employ it, is that gypsum précipitâtes some
albuminous matters which injuriously alïect the
line. On the other hand, the attempts to de-
plaster wine are, from a hygienie point of view,
more injurious than the plastering, owing to the
ose of poisonous barium and strontium salts.
Plastering is said to modify the chemical cha-
racters of the colouring matter of the wine
(c/. P. Caries, J. Ph. [5] 6, 118).

The Government of the Canton Berne baving
passed a law forbidding the sale of wines con-
taining more than 2 grms. of potassium sulphate
10 the litre, wine merchants complained of the
severity of the régulation, and the Government
appointed a Commission to investigate the sub¬
ject. Nencki was the reporter, and gives the
results of their investigations (J. pr. [2] 25, 284).
Opinions were invited as to whether the use of
wine containing more than the légal limit of the
sulphate is injurious to health ; whether the
limit could safely be extended, and to what
estent; and whether there is any différence
between the effects of plastered white and red
wines.

Public opinion is strongly against the cus-
tom. Spanish, Italian, and South of France
«unes are those most generally clarified with
gypsum. It is said to increase the quantity,
improve tbe colour, and raise the alcoholic
strength, thereby improving tbe keeping qua¬
lités ; it is also said to prevent after-fermenta-
tion. But its real advantage to the wine-maker
is that it clarifies tbe wine rapidly, and allows it
to be quickly brought to market. It is chiefiy
employed with the coarser qualities of red wine,
and is either added to the grapes and trodden
with them, or, in fewer cases, added to the ex-
pressed juice. The quantity used is generally
1-2 kilos, to every 100 kilos, of fruit, but it is
sometimes as much as 10 kilos.

The most exhaustive inquiry yet made on
the hygienie aspect of the subject was by a
Commission appointed by the French War De¬
partment, and the conclusions arrived at by them
have been eonfirmed by Nencki and his col-
lcagues. The addition of gypsum to wine ean-
not be detected by the flavour, but it lessens the
intensity of the colour ; it décomposés the acid
potassium tartrate naturally présent in the wine,
potassium sulphate remaining in solution and.

the tartaric acid uniting with the lime to form
an insoluble calcium tartrate. Potassium phos¬
phate, also a natural constituent of wine, is
decomposed, forming potassium sulphate and
insoluble calcium phosphate. It is a debatable
question whether tbe potassium tartrate natu¬
rally existing in wine is tbe acid or neutral
sait, and considering that there are also présent
succinic, malic, and varieras volatile fatty acids,
it is diftieult to understand the reactions. But
as the natural acidity of wine is more than
sufficient to transform ail neutral into acid salts,
Nencki is of opinion that it is the acid tartrate
which is présent. It would also appear that
some free sulphuric acid is formed in the
plastered wine, as when it is left for a certain
time ethyl ether is produced ; at least, such was
the resuit of one experiment made by Nencki.

Although much has been said as to the
baneful effects of plastered wine, very few trust-
worthy cases have been recorded. The first
complaints were made by the French army in
Africa, where many cases of illness were said
to be caused by its use. The only other attested
case is that of an épidémie which broke out in
the Department of the Loire, but alum was
found to have been added to the wine as well as

gypsum. The symptonis are said to be colic,
and slight vomiting. The acid potassium tar¬
trate acts towards many reagents in the same
rnanner as free sulphuric acid, and when intro-
duced into the System may have the effect of
reducing the alkalinity of the blood.

In view of the inconclusive nature of the
evidence, the Commission recommended the
maintenance of the régulation forbidding the
sale of wines containing more than two grms.
of potassium sulphate in the litre (C. J. Abst.
1882, 1248).

According to Griessmayer, when gypsum is
added to the must, it forms, with the tartar
présent, neutral calcium sulphate and free tar¬
taric acid, which latter reacts on the sulphate,
forming bitartrate and acid calcium sulphate.
The ash of such wine is neutral, and does not
give off carbonic acid when treated with hydro-
chlorie acid. When gypsum is added to the
finished wine, the alcohol prevents its solution,
but it carries down many impurities. Kaiser
(B. C. 1881, 632) made experiments to test the
value of these conclusions. He found that the cal¬
cium bitartrate became bisulphate, and the total
tartaric acid became insoluble as a neutral cal¬
cium tartrate. In the finished wine, by the
addition of gypsum, the tartaric acid is re-
placed by sulphuric acid, and there is a per¬
ceptible inerease in the calcium ; the other con¬
tents remain unaltered. From the proportions
of the ash to the extractive matter, Kaiser
states that it is possible to déclaré with cer-
tainty whether the wine has been plastered as
must or as finished wine ; in the first case the
ash is disproportionately high, in the other it
remains normal.

As. to the question whether a plastered wine
should be called adulterated, it may be con-
tended that a product which, by treatment, is
deprived of its most characteristic constituent,
tartaric acid, whilst another substance, calcium
sulphate, not normally présent, is introduced,
cannot be called anything but adulterated.
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Wine is liable to be affected by a number of
injurious ferments, and is espeeially subjeet to
acetous fermentation. The action of foreign
ferments may frequently be prevented by the
process devised by Pasteur, which consists in
heating the wine for some time to about 70° in
absence of air. The bouquet, and in some cases
the colour, is thus found to be improved. The
heating must be quickly performed, and, as far
as possible, out of contact with air.

As regards the préservation of wine by means
of salicylic acid, D. Denucé (C. C. 1882, 265)
states that the addition of 10-40 grms. of sali¬
cylic acid to 1 hectolitre of pure wine is not
injurious to health. It is useless to exceed this
quantity, as larger additions of acid would be de-
tected by the taste.

Manufacture of effervescing wines. The
effervescence of a sparkling wine is due to the
presence of carbonic acid, produced by the fer¬
mentation of added sugar. The chief wines of
this class (Champagne) are produced in the
departments of Marne and Haute Marne, and in
the vicinity of the Moselle and the Bhine. Both
white and red grapes are used, and the wine is
amber in colour, the depth of tint depending on
the vintage and the proportion of dark grapes
employed. The vintage is in the early part of
October, and in the pressing the must is sepa-
rated into two portions, that first produced being
of the higher quality. The young wine is allowed
to ferment until the winter, when it is racked,
and after the expiration of a month the opération
is repeated, when the wine is fined. It is then
mixed with a certain proportion of old wine, and
the amount présent determined. If necessary, a
quantity of cane sugar is added, and the wine is
bottled, the bottles being placed horizontally in
piles and left at rest throughout the summer.
Carbonic acid is formed; together with a quantity
of sediment. When required for the market, the
bottles are first carefully brought into an inclined
position, so as to cause the sedimentary matter
to gradually fall on to the cork ; on removing the
clip which holds the cork within the neck the
pressure of the dissolved gas forces out the cork,
together with the sediment. A certain amount
(from 1 to 4 p.e., depending upon the sweetness
desired) of liqueur, made of fine wine, sugar, and
cognac or a still spirit, is quickly added, and the
bottles are again filled up, corked, and wired.

Dry champagnes—i.e. containing relatively
little sugar—are mainly exported to this country,
the sweeter varieties being usually consumed on
the Continent. The pressure of the dissolved
carbonic acid ranges from 5 atmosphères in grand
mousseux to less than 4 atmosphères in crémant
wine ; in ordinary mousseux wine the pressure
varies between 4 and 4| atmosphères.

Wines of France. The chief wine-growing
district in France is the Gironde, which is prac-
tieally dividedinto five portions, viz., the Médoc,
the Graves, the Côtes, the Palus, and the Entre¬
deux-Mers. In the Médoc some six or seven

différent varieties of wine are cultivated. Most
of the red wine is obtained from the Carbenet
Sauvignon, Franc Carbenet, Malbec, and Merlot
grapes. The vintage usually begins towards the
end of September, and lasts about a fortnight.
The wines are divided into paysan, artisan,
bourgeois, and fine growths, the last group

being further subdivided into what are known
as • classed growths,' which, with the communes
in yhieh they are produced, are as follows

First Growths.
Château Lafitte, Pauillac.

„ Margaux, Margaux.
„ Latour, Pauillac.
„ Haut-Brion, Pessac.

Second Growths.
Château Mouton Bothschild, Pauillac.

„ ltauzan-Ségla, Margaux.
„ Bauzan-Gassies, „

„ Léoville-Laseases, St. Julien.
„ Léoville-Poyferré, „

,, Léoville-Barton, ,,

„ Durfort-Vivens, Margaux.
„ Lascombes, „

„ Gruand-Larose-Sarget, St. Julien.
„ Gruand-Larose, „

„ Branne-Cantenac, Cantenac.
„ Piehon-Lougueville-Lalande,

Pauillac.
„ Ducru-Beaucaillon, St. Julien.

Cos d'Estournel, St. Estèphe.
Château Montrose.

Third Growths.
Château Kirwan, Cantenac.

„ D'Issan, Cantenac.
„ Lagrange, St. Julien.
„ Langoa, „

„ Giseours, Labarde.
,, Malescot, Margaux.
,, Brown Cantenac, Cantenac.
,, Palmer, Cantenac.
„ La Lagune, Ludon.
„ Desmirail, Margaux.
„ Calon-Ségur, St. Estèphe.
,, Ferrière, Margaux.
„ Becker, „

Fourth Growths.
Château St. Pierre, St. Julien.

„ Branaire-Dulue, „

„ Talbot, „

„ Duhart-Millon, Pauillac.
„ Poujet, Cantenac.
„ La Tour Carnet, St. Laurent.
„ Kochet, St. Estèphe.
„ Beychevelle, St. Julien.

Le Prieuré, Cantenac.
Marquis de Therme, Margaux.

Fifth Growths.
Château Poulet-Canet, Pauillac.

„ Batailley, „

Grand Pay-Lacoste, „

Ducasse-Grand-Pay, „

Château Lynch-Bages, „

„ Lynch-Moussas, „

„ Dauzac, Labarde.
„ Mouton-d'Armailhacq, Pauillac.
,, Le Tertre, Arsac.
„ Haut Bages, Pauillac.
„ Pedesclaux, „

„ Belgrave, St. Laurent.
„ Camensac, „

Cos-Labory, St. Estèphe.
Château Clerc-Milon, Pauillac.

,. Croizet-Bages, „

,, Cantemerle, Macan.
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The yield of the whole of these growths has
tan estimated at about 5,000,000 bottles, from
whioh we gain some idea of the extent of the
substitution of ' clarets ' whioh Bordeaux pro¬
fites. The first-class wines are seldom drunk
il France, but are mainly exported to England.

The total amount of land under ville cultiva-
tion in the Gironde is about 500,000 acres.

During the last twenty years the vineyards have
Ken greatly ravaged by oïdium and phylloxéra,
ud latterly by mildew, and in parts by coulure.

The chief white wine producing district is to
rhe south of Bordeaux. The principal vines are
lté Semillon, Sauvignon, and Muscatelle. The
village is much later than in the Médoc—viz.
in the last weeks of October or early part of
Kovember, when the grapes have entirely ripened.
Itree qualifies of must are produced : the first
adripest juice yields a sweet lusciouswine (vin
it léte), mainly eonsumed in Russia ; the second
[orras vin de milieu, the wine usually known as
Sauterne ; the third quality, or queue, yields a
dry white wine. The finer growths are classed
as follows :—

Grand First Growth.

Château Yquem, Sauternes.
First Growths.

Château La Tour Blanche, Bommes.
„ Peyraguey, „

„ Vigneau, „

„ Suduirant, Preignac.
„ Coutet, Barsac.
„ Climens, „

„ Bayle, Sauternes.
„ Rieussec, Fargues.
„ Rabant, Bommes.

Second Growths.

Château Myrat, Barsac.
„ Doisy, „

„ Peyxotto, Bommes.
„ D'Arche, Sauternes.
„ Filhot, „

I, Bronstet-Nérac, Barsac.
„ Caillou, „

„ Suau, „

„ Malle, Preignac.
„ Romer, ,,

„ Lamothe, Sauternes.
The department of the Pyrénées Orientales

produces a considérable quantity of wine, mostly
from the Grenache noir and Carignane grapes.
lté generic name of the wine of the district is
Roussillon, of which the most esteemed varieties
ire muscat of Rivesaltes, Maccabeo, Grenache,
ad Malvoisie, which are liqueur wines ; and
Rancios, dry Malvoisie, and Picfoule. Languedoc
also produces a large quantity of wine (vins du
Mi), much of which is mixed with the wines of
lté Gironde and of Burgundy ; whilst a con¬
sidérable amount of the rest is distillecl to make
'trois-six ' and eau de vie.

The Rhône and Saône valleys produce the
chief wines of the east of France, which, with
the exception of Hermitage and the wines of the
Beaujolais, seldom occur in trade under their
ownnames.

The best qualifies of Champagne are pro¬
duced in the departments of Marne and Haute-

Vol. III.—T

Marne, the chief centres of the trade being at
Rheims, Epernay, Ay, Avize, Châlons, and Dizy.
Large quantities of sparkling wine are produced
in the Saumur, in the department of Maine-et-
Loire. Sparkling Saumur is made from both
black and white grapes— the black being the pro-
duct of the Breton vine, the white that of the
Pineau blanc. The wine is made much in the
same way as Champagne, except that, as a rule,
the finished product is a mixture of two succes¬
sive vintages.

The wines of Burgundy are produced in the
departments of Côte-d'Or, Yonne, and Saône-et-
Loire. The best growths are classified as fol¬
lows :—

JRed Wines.

Class 1. Romanée-Conti, Chambertin, Clos
Vougeot, Riehbourg la Tâche.

Class 2. Musigny, Romanée St.-Vivant, Le
Clos Saint-Georges, Le Corton, Les Bonnes
Mares, Le Clos du Tart.

Class 3. Arvelets, Rugiens, Beaumont,
Cailles, Cras-Murge, Boudots, Perrets, Pruliers,
Thaurey, Vaucrains, Cailleret Champans, Cla-
voillon, Clos Margeot, Clos Tavannes Noyer,
Bart, Echezaux, Fèves, Grèves, Ferrière Saute-
not.

White Wines.

Class 1. Montrachet.
Class 2. Chevalier Montrachet, Batard

Montrachet Charmes, Combettes, Genevrières,
Goutte d'Or, Charlemagne.

Good red and white wine is also produced in
Yonne. The red resembles Burgundy ; the white
is known as Chablis. Maçon is produced in the
department of Saône-et-Loire ; it is similar to
Burgundy, but is lighter in colour and lacks its
body and bouquet. Hermitage is produced in
the department of Drôme. Cognac is obtained
from wines produced in the departments of
Charente and Charente-Inférieure. The manu¬

facture has, however, greatly suffered from the
effects of Phylloxéra, and pure genuine cognac
now commands an almost prohibitive price.

Spain. Sherry, the best known of Spanish
wines, is mainly produced in Andalusia, and
dérivés its name from Jerez or Xeres de la
Frontera, the chief centre of the trade, and where
most of the wine is produced from must or fruit
purchased from the growers. Sherries are
usually broadly classed as Amontillados and
Manzanillas. The former are usually deeper in
colour and more alcoholie from added spirit ;
the latter are lighter and dryer, and are, as a
rule, shipped unbrandied. Montilla produced in
the province of Cordova somewhat resembles
Manzanilla. The sweet red wine known as
' tent,' which is used for ecclesiastical purposes,
is a summered coloured wine mainly obtained
from the Rota district. Large quantities of
wine are exported to France from Catalonia and
Aragon. Of late years a considérable amount
of red wine has been sent to this country from
Rio]a.

Portugal. Port is mainly the produce of the
rugged and mountainous district of the Alto
Douro in the north-east of Portugal. The vin-
tage usually begins at the end of September.
The grapes, from which the stalks are removed,
are emptied into stone tanks holding from seven
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to thirty pipes, and are pressed, first by treading
and then by means of a beam or screw press.
After from 48 to 60 hours' treading the must is
left to ferment, drawn off into vats, and mixed
with a sulïicient quantity of aleohol to prevent
acetous fermentation. After the lees are de-
posited the wine is again raeked and mixed with
more aleohol, which is usually obtained by dis-
tilling wine. In the spring it is sent down to
Oporto, where it is stored previous to ship-
ment.

Port first appeared inEngland at about the end
of the seventeenth century, and its eonsumption in
this country gradually increased up to the middle
of the eighteenth century, when it declined. Dur-
ing recent years the vineyards of the Alto Douro
bave suffered greatly from oïdium and phyl¬
loxéra. At the présent time Oporto ships
annually about 70,000 pipes of wine, nearly half
of which is sent to Great Britain.

The South of Portugal (Torres Vedras and
Collares) produces a considérable quantity of a
rough kind of claret, and also a white wine
known in England as Bucellas Hock, which is
obtained from the Riesling grape.

Italy. About 700,000,000 gallons of wine
are produced in Italy—more, indeed, than in
France—but it is only within the last few years
that Italian wines have found much favour in
this country. Their eonsumption will be still
further increased now that improved methods of
cultivation and manufacture are being more
generally employed. Northern Italy produces
Montferrat and Asti, together with a certain
amount of sparkling wine. Montepulciano,
Chianti, Pomino, Montalcino, and Carmignano
are made in Central Italy ; whilst the Neapolitan
district yields Lacryma Christi and a variety of
Malvoisie and good class Muscat wines.

Sicily. The chief Sieilian wine is Marsala,
which is obtained from a mixture of selected and
thoroughly ripe grapes of the Madeira variety.
It is carefully manufactured and is very uniform
in quality, although, as a rule, somewhat heavily
lortified.

F. Sestini and G. Del Torre (L. V. 17, 424)
have analysed a number of Italian and Sieilian
wines. The percentage of aleohol by volume in
these wines varies generally between 13 and 14 ;
in Sieilian wine it reaches in exceptional cases
22 pfc. The mean of 167 red varieties was
13-14 p.c. In one-fourth of the wines the
quantity of free acid was 5 to 6 p.c., but in
Venetian wines there was a larger quantity. The
ratio of volatile acids to fixed acids was rarely
1:2, the average 1:3 in Sieilian wines, and 1:4 in
the dry wines of North Italy; lrowever, in many
wines of Central Italy the quantity is much
greater. Tannin is présent in small quantity
only ; average, about '05 p.c.

Hungary. Both white and red wines are
made in Hungary. It is estimated that there
are about 1,000,000 acres of land under vine
cultivation in the province, inclusive of Croatia
and Slavonia, yielding 250,000,000 gallons
annually. The most famous of Hungarian wines
is the Sweet Tokay or Essentia, which is made
from the first runnings of the ripe grapes ob¬
tained without pressure. Only a small portion
is so obtained, and it rarely, if ever, appears in
the market. Other varieties of Tokay are known

as Ausbruch and Mdstds. Carlowitz resemhles
port in character, and is produced on the banks
of the Danube, about 40 miles to the north-wesl
of Belgrade.

Excellent red wines, resembling Burgtradj,
are now made in Dalmatia. The most esteemed
varieties are Moscato Roso, Vino ïaitaro, Pro-
secco Vugova, Maraschino, and Malvasia.

Germany. The chief wine-producing dis¬
tricts of Germany are Alsace-Lorraine, Baden,
Wiirtemburg, Hesse, Bavaria, and the Rheingan,
which together yield about 80,000,000 gallons.
The celebrated Steinberg, Joliannisberg, Rôdes-
heim, Gràfenberg, and Rauenthal wines aie
produced in the neighbourhood of the Rhine,
not far from Mainz, which is the centre of the
hock trade. The vineyards of Hesse yield
Liebfraumilch, Nierstein, and Scharlachberg;
Hochheimer is obtained from the Maingau. lie
chief Rhine vine is the Riesling, whieh is said
to be indigenous, although the Oesterreicher,
Kleinberger, Sylvaner, and Blue Trollinger
varieties are common, especially on the lower
grounds.

The chief product is a white wine. A certain
amount of red wine is obtained,notablyAssmanns-
hausen, from Riesling and mixed grapes. Tie
German wine-maker has to struggle with many
natural disadvantages, but in no part of tie
world is the manufacture moreintelligentlycon-
ducted, or, in good seasons, with better results.
The Moselle district also produces excellent
wines of characteristic fiavour and aroma.

The Atlantic Isles. Grand Canary and
Teneriffe produce a small quantity of wine, ht
the yield has been hitherto limited owing to tie
attacks of oïdium. Since the production of
cochineal has fallen off on account of the in-
fluence of the coal-tar colouring matters, ràe
culture is being resumed, and wines of tie
Madeira type are being made in larger quantity.

Madeira formerly shipped comparatively
large quantifies of wine to England, as much as
520,000 gallons being imported in 1820. Tie
trade subsequently declined, partly through a
change in fashion and partly from the dévasta¬
tion caused by oïdium. The vineyards are now
being replanted, and an increasing amount ii
gradually making its way to this country. The
best-known varieties are Malmsey, Sercial, Bual,
and Tinta. The characteristic fiavour of
Madeira is probably due to the praetice of beat-
ing the wine shortly after its manufacture to a
température varying from 25° to 45°. Formerly
the sarne condition was obtained by sending the
wine a voyage to the East or West Indies and
back.

A small quantity of wine is made in the
Azores, particularly on Pico, but it is of very
indiffèrent quality, and is mainly exporte! aslow-
elass sherry.

Cape of Good Hope. Comparatively little
wine is now sent to this country from South
Africa, principally owing to the altération of fie
wine duties of 1860.

Australia. Of late years a considérable
amount of wine from Victoria, New South Wate.
and South Australia has beeu imported into thi;
country, and the produce of the vineyards of
Highercombe, Tintara, and Auldana appears to
be steadily increasing in popular favour.
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United States. The manufacture of wine is
now firmly established in California. The pro-
Juce was originally derived from the ' Mission '
jupe, supposed to have been imported from
Mexico by Franciscan monks, but Gevman,
French, and Spanish varieties have now been
introduced, and wines in some degree resembling
tbose of these countries are now made on a con¬

sidérable scale. The vine is also cultivated on

i large scale in Ohio, and elarets and eham-
pagnes are made in the vicinity of Cleveland and
Sandusky. Other wine-producing States are
Sew York, Missouri, Illinois, and Pennsylvania.

The principal grapes in the eastern and central
States are the Catawba and the Ives Seedling ;
in the Southern States the Scuppernong and
Virginia Seedling are most fréquent. The im¬
ports of foreign wines into the United States
have steadily diminished during the last twenty
years. The total annual production in the United
States is estimated at about 40,000,000 gallons.

The following analyses, by R. M. Cooper
(G. N. 32, 160), of twelve samples of wines
manufactured iD Virginia from grapes grown in
that State are of interest as showing the général
chemical character of American wines : —

N». Name Source Description Spécifie
gravity

Alcoliol Ash

1 Virginia Claret. Alvey grape Red, without addition 0-9949 9-80 0-24
2 Virginia Hock . Concord grape . White, without addition . 0-9932 8-56 0-17
3 Bacchantees Concord grape . Light red, 1871 . . . 0-9941 10-04 0-14
4 Concord . . . Concord grape . Médium red 0-9926 10-03 0-15
5 Sweet Concord . Concord grape . Deep red, syrup added . 1-0050 11-79 0-13
6 Ives .... Ives grape . . Red, from pure juice . . 0-9913 11-13 0-12
7 Delaware. . . Delaware grape White, sugar added . . 0-9931 9-46 0-24
8 Sweet Delaware Delaware grape White, syrup added . . 1-0117 10-57 0-17
9 Delaware. . . Delaware grape White, from pure juice . 0-9875 12-69 0-12

10 Calawaba. . . Calawaba grape White, from pure juice . 0-9902 10-04 0-13
11 Norton's . . . Norton's Vir¬

ginia grape . Purple red, no addition . 0-9953 10-57 0-31
12 Dry Norton's Norton's Vir¬

Virginia. . . ginia grape Deep red 0-9981 11-79 0-20

S». Volatile acid
Non-volatile

acid Sugar (glucose) Tailnic acid Potassium car¬
bonate

Total solid
residue Nitrogen

1 0-15 0-60 0-70 0-018 0-148 1-78 0-013
2 0-07 0-43 0-058 0-004 0-111 1-84 0-019
3 0-15 0-35 0-047 0-019 0-098 1-52 0-013
4 0-13 0-44 0-045 0-011 0-098 1-60 0-006
5 0-39 0-17 3-152 0-006 0111 5-11 0-006
6 0-12 0-57 0-065 0-009 0-074 1-69 0-008
7 0-10 0-41 0-075 0-008 0-160 1-98 0-014
8 0-56 0-01 3-703 0-006 0-111 6-41 0-009
9 008 0-41 0-106 0-002 0-086 1-42 0-016

10 0-16 0-42 0-031 0-003 0-086 1-41 0-012
11 0-22 0-48 0-112 0019 0-234 2-66 0-018
12 0-41 0-50 1-228 0-001 0-148 2-55 0-016

Analysis of Wine.
The chemical examination of wine is usually

restricted to the détermination of those consti-
toents which enable an opinion to be formed
concerning its purity or freedom from adultera-
tiin [of. W. Fresenius and Haas, Fr. 30, 499).

1. For the estimation of the spécifie gravity
i détermination by the bottle at 15°C. is to serve
as the basis ; it must be given aecurately to four
décimal places.

2. The results should be given in grms. per
100 c.c. or per litre. Koenig (Fr. 28, 202), how-
fier,deprecates this practice, on the ground that
ior sweet wines, which are liable to differ widely
issp. gr.,the results are no longer directly com¬
parable.

3. The alcohol is to be determined by the
distillation method, the sp.gr. of the weighed
Mate is taken with the bottle at 15°,
and the proportion of alcohol calculated there-
Irom.

4. Détermination of extract : (a) Of wines
with an extract amounting to 3 grms. per 100
c.c., 50 c.c. are evaporated in a flat-bottomed
platinum capsule upon the water-bath ; the resi-
due is heated two and a half hours in the steam
oven, and finally cooled in the desiccator and
weighed. The German Impérial Commission of
1884 have prescribed the following method :
50 c.c., measured at 15°, are evaporated on the
water-bath in a platinum basin of 85 mm. dia-
meter, 20 mm. height, and 75 c.c. capacity, and
the residue is dried for two and a half hours in
the water oven. For sweet wines an amount

yielding from 1 to T5 grm. of residue is taken.
For the necessity of using dishes of similar area
and surface in order to obtain comparable results
v. Bouilhon (C. R. 103, 498).

(b) Wines containing a higher proportion of
extract are to be diluted with water, so as not to
contain more than 3 grms. extract in 100 c.c.
The residue is to be treated as above.
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(c) For sweet wines the indirect method of
determining the extract from the sp.gr. of the
wine after removal of the alcohol is to be pre-
ferred.

Estimation of alcohol and extractive matter
in wine (H. Hager, C. C. 1878, 415). The sp.gr.
of the wine is determined : 100 c.c. are evapo-
rated to about a third of the original volume, the
residual liquid is diluted withwaterto 100 c.c.,
and the sp.gr. is again determined. The différ¬
ence between the two numbers deducted from
1,000 gives the sp.gr. of dilute alcohol equal in
strength to the original wine ; from this, the
amount of alcohol is found by the use of tables.
From the second sp.gr. détermination (that of
the aqueous extract) the percentage amount of
extractive matter maybe found by the aid of the
following table, which is based upon Hager's
experiments.

Température = 15°. The sp.gr. inereases or
diminishes by 0-00024 for each degree C.

r.c. ot
extractive Sp.gr. P.c. of

extractive Sp.gr.

C-50 1-0022 7-50 1-0343
0-75 1-0034 7-75 1-0355
1-00 1-0040 8-00 1-0307
1-25 1-0057 8-25 1-0378
1-50 1-0008 8-50 1-0390
1-75 1-0079 8-75 1-0402
2-00 1-0091 9-00 1-0414
2*25 1-0102 9-25 1-0426
2-50 1-0114 9-50 1-0437
2-75 1-0125 9-75 1-0449
3-00 1-0137 10-00 1-0401
3-25 1-0148 10-25 1-0473
3-50 1-0100 10-50 1-0485
3-75 1-0171 10-75 1-0496
4-00 1-0183 11-00 1-0508
4-25 1-0194 11-25 1-0520
4-50 1-0205 11-50 1-0532
4-75 1-0210 11-75 1-0544
5-00 1-0228 12-00 1-0555
5-25 1-0239 12-25 1-0567
5-50 1-0257 12-50 1-0579
5-75 1-0203 12-75 1-0591
6-00 1-0274 13-00 1-0003
6-25 1-0286 13-25 1-0614
6-50 1-0298 13-50 1-0026
6-75 1-0309 13-75 1-0638
7-00 1-0321 14-00 1-0657
7-25 1-0332 14-25 1-0663

(C. J. 1879, 179).
For more recent tables see Schultz, Fr. 19,

104. According to Haas, the indirect method is
applicable only to sweet wines, sinee in fully
fermented wines the assumption on which the
tables have been constructed—that the solutions
of the extractive matters have the same sp.gr.
as that of sugar—is incorrect. E. H. Amagat
(C. E. 99, 195) boils the wine until its volume is
redueed one half, in order to expel alcohol ; and
the original volume is then restored by addition
of water, and the sp.gr. determined. The amount
of dry extract is very nearly, although not
exaetly, proportional to the différence between
its sp.gr. and unity.

In completely fermented wines the amount
of extract is seldom less than 14 grms. per litre.

Wines containing less than this amount after
removal of the sugar may be suspected, unless
it can be shown that natural wines from the
same district, and this vintage, actually contain
so small an amount of extract.

After séparation of the non-volatile acids,
the remaining extract in natural wine is seldom
less than 11 grms. per litre, and after séparation
of the free acids, as a rule, not less than 10 grms.
per litre.

According to Portele, when red wine is cleared
with gelatin the percentage of extract is cou-
siderably redueed, so that reallv good natural
wines may be redueed below the minimum, -65
p.c. of solid extract. The clearing of wine by
gelatin has a considérable effect on the colour of
inferior qualities, some of these being quite de-
colourised (K. Portele, B. C. 1884, 57 ; C. J.
Abst. 1884, 938).

A. Gautier (Bl. [2] 27, 7) has studied the in¬
fluence of dilution, plastering, brandying, de,
on the weight of the dry extract. When skil-
fully done, it is generally very difficult to detect
the addition of water to wine naturally rich in
alcohol for the purpose of fraudulent adultéra¬
tion. Generally, the expert founds his judgment
on the low percentage of dry extract and oi
glycerin, but grave sources of error may creep
in if care be not taken.

In the détermination of the extract, the éva¬
pora tion of the wine at 100° and drying the
residue on the air-bath may give inaccurate
results owing to loss of glycerin &c., and to
the altération of the tannin and nitrogenous
matters. These sources of error, however, are

entirely avoided by evaporating to dryness and
drying in a vacuum for several days at the
ordinary température—no altération taking place
after ninety-six hours at 25-32°. As might be
expected, the results thus obtained are always
higher than those obtained by the ordinarv
method (v. Magnier de la Source, Bl. [2] 25,
488). The influence of plastering on wine is to
raise the amount of extract by about 3-0 to 3-8
grms. per litre, the Vins du Midi being raised
from 18-2 grms. extract per litre to 21-5 to 238
grms. The effect of fining on the weight of the
dry extract is to diminish it, whether gelatin or
white of egg be employed, since the tannin be-
cornes precipitated ; and brandying has the same
effect, not only because it inereases the volume
of the wine without adding any solid material,
but also because it précipitâtes, after a time,
certain substances dissolved in the wine, espe-
cially the acid potassic tartrate. The stoppage
of the fermentation by means of sulphurousacid,
alcohol, or salieylie acid retains a portion of the
glucose, and so inereases the amount of extract.
In order, to ascertain whether a wine has been
diluted, it is necessary to détermine the amount
of extract and compare it with wines of the
same vintage and same year, having spécial
regard to the amount of tannin and glycerin, and
also whether the wine has beenplastered, which is
easily ascertained by its giving a precipitate with
barium chloride, and by the ash being neutral if
it has not been mixed with unplastered wines.
If the proportion of glycerin is small, whilst the
extract is normal, it is probable that the wine
has been diluted with washings of the mare
from which the wine was made, as this would
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introduce appréciable quantities of eolouring
natter, cream of tartar and tannin (C. J. Abst.
'1817,750).

According to E. Hondart (Bl. [2] 28, 59), a cer¬
tain relation exists between the density of a wine
and the weights of water, alcohol, and extract
ffhich it contains, and upon this relation two
methods may be based for the détermination of
lté extract.

(a) The alcohol is distilled from the wine,
and the residue filled up with distilled water to
its original volume ; the density of the liquid is
then taken to three places of décimais, the last
wo of which multiplied by 2"25 give the weight
of the extract. As this method requires great
practice before aecurate résulta can be obtained,
the following, which is of greater praetical use,
tas been devised.

(b) The alcoholic strength of the wine is as-
certained by means of Gay-Lussac's tables. The
density of the wine is taken with a baroneometer
(an instrument constructed for the purpose by
Hondart), and the différence between the two
densities is multiplied by 2-06, which gives the
weight of the extract (C. J. Abst. 1877, 939).

The various methods of determining extrac-
tive matter in wine differ not only in the détails
of manipulation, but also in prineiple, some
chemists including in the term ' extractives '
ail matters other than water, alcohol, or volatile
neids ; others only those substances which are
not volatile at 100° or 110°C. Thus in the one

case the glyeerin would be counted among the
extractives, but not in the other. Nessler and
Barth (Fr. 1882, 43) consider that the glyeerin
should properly be included among the extrac-
live matters, and they recommend that two sepa-
rate quantities of wine should be evaporated,
Ile one with addition of a measured amount
of titrated baryta water, the other without any
addition, the residue obtained in the former case

being dried at 110-115° for eight hours ; in the
lutter for four hours at 100° in a current of dry
air. The addition of baryta (first reeommended
by Grete) completely binds the glyeerin, the dif¬
férence between the two sets of déterminations
being glyeerin and volatile acids.

From the results of very numerous analyses,
Sessler and Barth conclude that in pure well-
fermented wines the proportion of extractives
(including glyeerin) stands in a certain relation
to the total acidity. After subtraction of the
latter it never amounts to less than 1 p.c.
Strongly alcoholic wines always contain more
glyeerin than weak wines, the glyeerin always
amounting from 7 to 10 p.c. of the quantity of
alcohol. The minerai constituents usually are
about 10 p.c. of the total extract.

5. Thefree acidis determinedbytitration with
standard potash or soda-lye, using litmus-paper
asindicator, and calculating the resuit as tar-
luic aeid (C4H606). Volatile acids are to be
determined by distillation in steam, and to be
expressed as acetic acid (C2H402).

Old wines have an acid reaction, in consé¬
quence of the presence of a certain amount of
free acid and potassium bi-tartrate. A wine not
exhibiting this acid reaction tastes fiât; the
acidity is its most important flavour. For a
long time it has been believed that the free acid
of wine is tartaric acid alone. Nessler's re-

searehes have, however, shown that this is seldom
the case. Tartaric and malic acids often exist
together, and more frequently the free acids
consist of malic acid entirely. Wines contain-
ing tartaric acid alone taste more tart than those
with only malic acid, or a mixture of malic and
tartaric acids. Nessler shows that only in rare
cases does the free acid in grapes consist solely
of tartaric acid ; in most cases a mixture of
malic and tartaric acids is présent in variable
proportions (Graeger, C. C. 1873, 105 ; C. J.
Abst. 1873, 659).

Détection and estimation of bulyric acid in
presence of acetic acid. 500 c.c. of wine is dis¬
tilled until 125 c.c. remains; the residue is
diluted to its original bulk, and again distilled
until 125 c.c. remains. Thjs is repeated four
times, and the free acid in the united distillâtes
determined by titration with soda or with baryta.
If soda has been used, the neutralised distillate
is evaporated down, treated with dilute sulphuric
acid, steam distilled, and the distillate neu¬
tralised with baryta. The solution is so far
evaporated down that it will solidify when cold,
after which it is treated with absolute alcohol
(10 parts). The barium butyrate dissolves, whilst
the acetate remains almost entirely undissolved.
The salts are separated by filtration and washing
with absolute alcohol. The aqueous solutions of
the salts are treated with sulphuric acid, steam
distilled, and the acid determined by titration
with soda. In order to ascertain whether the

séparation was complété, the neutralised solu¬
tions are evaporated down and treated with
alcohol and sulphuric acid ; a trace of impurity
is easily detected by the odour of the ethyl sait.

Détection and. estimation of lactic acid.
500 c.c. of wine is just neutralised with soda,
some pumice powder added, and the whole
evaporated to dryness in a deep dish on a water-
bath, with fréquent stirring. The residue is
rubbed in a mortar, moistened with dilute sul¬
phuric acid, and shaken three times with ether
(200 c.c.). The united ether extracts are care-
fully evaporated down in an Erlenmeyer flask,
the residue washed with water into a deep dish,
treated with an equal volume of alcohol, and
slightly heated for a long time with freshly-pre-
cipitated lead carbonate, until effervescence
ceases. It is then digested for three or four
hours, filtered, and washed with 95 p.c. alcohol.
The filtrate is decomposedby hydrogen sulphide,
filtered, heated on a water-bath to remove excess
of hydrogen sulphide, and distilled until one
quartier remains. It is then diluted to its original
bulk, and again distilled, and this is repeated
until the distillate is neutralised by not more
than 0'5 c.c. of normal soda solution. The lactic
acid in the residue is determined by titration.
The results thus obtained are too high, owing to
the presence of malic acid. The neutralised
solution is therefore evaporated to dryness, and
the sodium lactate dissolved out by absolute
alcohol (sodium malate being insoluble). After
evaporation of the alcohol, the residue is treated
with dilute sulphuric acid, and extracted three
times with ether. The residue from the ether is
digested with lead carbonate, and the acid after-
wards liberated as before. The solution of acid
is divided into two parts, the one being used for

^ the titration, and the other converted into the
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zinc sait to détermine its purity (C. J. Abst. 1890,
1344).

The presence ol free tartaric aeid in wine
does not necessarily show an improper admixture
o£ tartaric acid with the wine. According to Mach
and Eolondi, the amount of free tartaric acid in
the grape increases in proportion to the degree
of unripeness, so that its absence from wine ean
only oeeur under certain conditions of ripeness
of the grapes employed. Although unripe grapes
are frequently used in considérable quantity in
wine-making, yet if the ripe grapes are in excess,
the potash salts in them are more than sufficient
to separate the free tartaric acid in the form of
tartar, and this explains the fact that wine so
made generally contains no free tartaric acid. A
wine may be suspected of having been sophisti-
cated if, with a small amount of free acid, an
undue proportion of it is tartaric (J. Nessler and
H. Wachter, B. C. 1880 ; C. J. Abst. 1880, 775).

6. The détermination of the glycerin in ordi-
nary wines (not sweet wines) is to be carried out
according to the method agreed on by the German
or Austrian chemists, without a correction for
evaporation. The détermination of glycerin in
sweet wines does not give accurate results. If
required, Borgmann's method is to be preferred.
This is as follows : 100 c.c. of the wine are

evaporated with sand, the residue is extracted
with 100 c.c. of absolute alcohol, the solution is
diluted, and then well shaken with 1-5 times its
bulk of ether, by which the sugar is mostly pre-
cipitated, whilst ail the glycerin remains in solu¬
tion ; this is poured off and treated in the usual
way.

Beichardt (Ar. Ph. [3] 10, 4080) has simplified
Pasteur's method of determining glycerin as
follows : The wine extract obtained by evapora¬
tion is mixed with slaked lime in slight excess,
and evaporated to dryness. On extraeting this
residue with 90 p.c. alcohol, the succinic acid
and sugar remain as insoluble lime compounds,
and the alcohol solution, when evaporated on a
water-bath, leaves the glycerin in the pure state.

Beichardt states that in the case of wines
which contain potato sugar, the glycerin re-
quires to be further treated with a mixture of
alcohol and ether, in order to separate from it
certain dextrinoid substances whose presence is
indicated by the thickening of the impure gly¬
cerin on cooling.

Beiehardt's numbers are, however, found to
be invariably higher than those of Pasteur for-
pure wines. This Neubauer and Borgmann (Fr.
1878, 442) believe to be due to impurities pré¬
sent in the glycerin, and they further consider
that the impurities separated by alcohol-ether
as described above could not resemble dextrin,
since they exerted no rotatory effeet on polarised
light. The substances are probably normal con-
stituents of genuine wine, and therefore are
always présent in the glycerin separated by
Reichardt's method. In investigating the matter
exjnerimentally, Neubauer and Borgmann first
proved that a solution of 2 grms. of glycerin in
10 c.c. of absolute alcohol gave not the faintest
turbidity when mixed with 15 c.c. of ether. A
great number of genuine wines were then ex-
amined by Beiehardt's method, but in every
analysis the glycerin was subjected to the puri¬
fication by alcohol-ether, and the weights of

glycerin and of impurity estimated. In every
case the treatment with alcohol-ether caused the
séparation of impurities from the glycerin, the
weight separated averaging about one-fifth that
of the purified glycerin. The glycerin thus ob¬
tained was found, however, to be still impure;
it yielded on an average over 2 p.c. of ash,
evolved ammonia when heated with soda-lime,
and was rendered slightly turbid on addition of
tannin solution. The nitrogenous substances
présent were further found to be of différent kinds,
as after complété précipitation by tannin solution
both the precipitate and the filtrate still yielded
ammonia when burnt with soda-lime. Of the
nature of these azotised bodies we are as yet
quite ignorant. Beiehardt's method was further
tested by applying it to the estimation of pure
glycerin, added in known quantity to wines
whose natural glycerin had been previously de-
termined with great care. The results thus ob¬
tained were satisfactory, the error being mim,
and seldom reaching one-tenth per cent, when
quantifies of glycerin varying from 0'6 to 2-5
grms. were added to 100 c.c. of wine. There is
no doubt, therefore, that this method would
detect the adultération of a wine with glycerin
to any great extent. On the other hand, wines
containing only 0'07-0'08 p.c. of glycerin are sus-
picious, since pure wines usually contain from
0-7-1-2 p.c. as estimated by the above method.
Further, wines which yield 16-17 p.c. of alcohol
to 0-12 of minerai matter and 0-299 of glycerin
are certainly artificial, and are not produced by
the fermentation of the juice of the grape.

Bensmann (D. P. J. 261, 404) gives the fol-
lowing process for the estimation of glycerin.
100 c.c. of wine is mixed with 5 grms. of calcium
hydroxide in a porcelain dish, and the mixture
evaporated nearly to dryness on the water-bath.
The residue is then mixed with from 5 to 10

grms. of gypsum to form a stiff mass, and
extracted with 50 c.c. of 90 p.c. alcohol in an
extraction apparatus. The alcoholic solution is
evaporated to a stiff syrupy consistence, and the
residue dissolved in 90 p.c. alcohol. The solu¬
tion is brought into a 50 e.e. cylinder graduated
in cubic centimètres, and provided with aglass
stopper, treated with 20 c.c. of alcohol (90 per
cent.), and made up to 50 c.c. with ether. After
settling, 25 c.c. of the solution (correspondra»
with 50 c.c. of wine) is evaporated to dryness in
a flask, dried at 90°, and weighed. The weight,
less the ash, represents the amount of glycerin
in the wine.

Weigert (C. C. 1888, 1511) recommends the
following method : 100 c.c. of wine (dry or sweet)
is concentrated on the water-bath to 3-5 c.c,
3-5 grms. of slaked lime is added, and then 50
to 80 c.c. of 90-96 p.c. alcohol, the mixture being
then heated on the water-bath until the alcohol
has boiled a few minutes. The solution is then
filtered, the residue treated a second time with
45-50 c.c. of the alcohol, and the whole bronght
on to the filter and washed with 50-80 c.c.

alcohol. The filtrate is concentrated on the
water-bath, preferably in a 250 c.c. flask, to s
syrup, 10-20 c.c. of absolute alcohol and 15-30
c.c. of ether added, and after the solution has
cleared the ether layer is poured off into the
weighing glass. The residue is again treated
with a mixture of alcohol (1 part) and ether
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|1] parts), and the extract added to the first.
The etlier and alcohol are evaporated oiï, and
lté glycerin remaining finally weighed.

In the case of sweet wines no lime is em-

ployed, but in other respects the procédure is
similar. The glycerin should always be tested
lorsngar, In judging a wine in regard to the
proportions subsisting between the glycerin and
alcohol, the presence of acetic acid or the addi¬
tion of salicylic acid, rvhether the proportion of
nitrogen varies much from the average, or
wliether the wine has been strongly sulphured,
should always be taken into account (C. J.
1889,440 ; v. also Samuelson, C. C. 2, 10, 933 ;
C.J. Abst. 1887,86 ; alsoBarth, C. C. 1886, 504 ;
C.J. Abst. 1887, 184).

Toerring (Zeit. Ang. Chem. 1889, 362) puri-
Ses the glycerin by distillation under reduced
pressure, and treats the aqueous distillate, which
should contain 0'5 to 1 p.c. glycerin, with 5 c.c.
tenzoic chloride and 35 c.c. of 10 p.c. soda
solution, and shakes vigorously. The precipi-
tated glyceryl benzoate is collected on a tared
Slter, washed with water, dried at 100°, and
weighed : 1 part of glycerin gives 3"85 parts of
tazoate (C. J. Abst. 1890, 426).

The relation between alcoliol and glycerin in
natural wines may vary between 100 parts by
weight of alcohol to 7 parts by weight of gly¬
cerin. From a number of experiments, Borg-
mann concludes that the proportion of glycerin
to alcohol is never less in pure wines than 7"8 to
100 (E. Borgmann, C. B. 22, 58 ; C. J. Abst.
1883 , 5 18). Wines showing a différent relation
tetween spirit and glycerin may be suspected to
contain either added alcohol or added glycerin.
la natural dry wines the weight of the glycerin
is never more than half the amount of the
extract after the removal of the sugar.

7. Minerai matter is found by incinerating
the residue from the evaporation of 50 c.c.

Wine containing less than 1-3 minerai matter
per litre may be suspected unless it can be
shotvn that natural wine from the same district
and of the same vintage actually eontains so
small an amount of inorganic matter. The ratio
of minerai matter to extraet is, as a rule, abont
1 to 10.

Estimation of chlorine in wine. It is well
knora to wine falsifiera that chemists lay much
stress on the proportion of minerai matters con-
tained in wine, and therefore they frequently
add sodium chloride to artificial or adulterated
wines in order to bring the total amount of ash
np to the normal quantity. Such wines do not
readily yield a white ash, and a notable propor¬
tion of chlorine volatilises during the incinéra¬
tion. Hence the détermination of the chloride
has to be effected in the wine itself, and not in
the ash. The ordinary method of chlorine
titration with potassium monoehromate as an
indicator not being applicable, on account of
the solubility of silver chromate in the free acid
of the wine, and of the obscurity of the end
reaction in wines previously neutralised, and
Volhard's method likewise giving unsatisfactory
results for the reason last mentioned, Nessler
and Barth find it necessary to operate as
follows :—50 c.c. of the decolourised wine are

acidulated with nitric acid, an excess of standard
silver solution is added, and then standard

thiocyanate solution is run in until a drop of
the liquid when mixed on a plate with ferrie
sulphate solution just shows a pink colouration.

The proportion of chlorine présent in genuine
wines usualiy lies between 0'002 and 0'0025 p.c.,
and never exceeds 0'006 p.c.

Wines containing more than 0'05 p.e. sodium
chloride may as a rule be suspected. Excep¬
tions may occur in the case of wines which
have been produced in the neighbourhood of the
sea-shore.

Alkaline earths in wine. The ashes of wine
always contain calcium and magnésium salts.
The amount of calcium (3 to 11'4 milligrams in
100 e.e. of wine) is greatest in young wines and
gradually diminishes with âge, probably in con¬
séquence of the séparation of neutral calcium
tartrate. The amount of magnésium, on the
other hand, remains almost constant and is
always in excess of the calcium. The largest
amount of magnésium found by Kayser was 24
milligrams in 100 c.c. of Malaga wine. The phos-
phoric acid and magnesia show a constant pro¬
portion of 10 : 6, corresponding with the formula
MgHP04 (Kayser, C. C. 1881, 394 ; C. J. Abst.
1882, 121).

8. Polarisation may often be dispensed with
in dry wines ; in sweet wines it must beresorted
to before and after inversion.

Sugar is to be determined according to the
methods of Soxhlet or Allihn, and to be expressed
as grape sugar. If the proportion of sugar is
considérable, or if the différence between the
proportion of extract and the quantity of directly
reductive sugar is exceptionally high, a déter¬
mination of sugar must be carried out after in¬
version.

The sugar in wine is a variable mixture of
dextrose and lsevulose, and occasionally saccha¬
rose. The usual method of examination con-

sists in estimating the total quantity of sugar by
titration with copper solution and then ascer-
taining by the optical method the proportions of
the two glucoses and inverting with hydroehloric
acid for the détection of the saccharose. Born-
trager (Zeits. Ang. Chem. 1889, 477) considéra
that in our présent ignorance of the true rota-
tory power and reducing action of lsevulose, the
exact ealculation of the proportions of the sugars
lias only a relative value. His mode of preparing
the wine for examination is as follows : The
wine is aceurately neutralised in the cold with
soda or potash, evaporated on the water-bath
until the alcohol is expelled, mixed, after cooling,
with a moderate quantity of lead acetate, made
np to the original volume, and filtered. After
the lapse of tweuty-four hours this filtrate is fit
for both polariscopie examination and for titra¬
tion. If, however, the wine is so dark-coloured
that the above method only gives a suffieiently
colourless filtrate when the amount of acetate is
large enough to produce an alkaline reaction, it
is necessary to neutralise the filtrate with acetic
acid and dilute to double the volume. Although
the spécifie rotatory power of both dextrose and
lsevulose varies with the strength of the solution,
yet within the limits occurring in wines the varia¬
tions need not be taken into account. The

spécifié rotatory power of lsevulose increases,
however, so much more rapidly than that of
dextrose that in wines containing a great excess
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of the former little more can be clone than to
state the fact of an excess. The removal of the
aloohol is considered to be essential, since the
spécifie lœvorotatory power of inverted sugar
diminishes with progressive increase in the
amount of alcohol présent ; moreover, after re-
moving the alcohol, less lead acetate is required
for decolourisation. The evaporation temporarily
rednees the rotatory power, but the original
rotation is always restored by twenty-four hours'
repose after dilution. The presence of alkaline
chlorides (derived from the hydrochlorie aeid
used for inversion and the alkali for subséquent
neutralisation) increases the rotation, but with
the proportions recommended (one-tenth vol. of
acid of 1-1 sp. gr.) this is almost exactly com-
pensated for by the evaporation, for in the pré¬
sence of chlorides the recovery of the rotatory
power diminished by evaporation is not com¬
plété in twenty-four hours. It is very important
to avoid an alkaline reaction at any stage, as
even in the cold this soon diminishes the rota¬
tion (C. J. Abst. 1890, 426).

For the estimation of sugar by Fehling's
solution, the tannin must first be removed by
lead acetate, the excess of lead being precipitated
by sodium carbonate. Ordinary fully fermented
wine usually contains under 0-1 p.c. sugar, and
may be decolourised by a small quantity of
animal charcoal. After rendering it alkaline with
a little caustic alkali or carbonate, 5 c.c. is
warmed with 2 c.c. Fehling's solution in a
water-bath. If the blue colour completely dis-
appears, the wine contains over 0-2 p.c. sugar.
If the blue colour persists, 5 c.c. more wine may
be added, and the warming repeated. In this
way an approximation to the amount of sugar
may be made (C. J. Abst. 1884, 502).

Neubauer has shown that, whilst pure wine
which still contains unfermented sugars turns
the plane of polarisation to the left, perfectly
fermented wine either does not polarise at ail, or
only a few tenths of degrees of Wild's scale to the
right, wines sweetened with so-called potato
sugar contain considérable proportions of dextro-
rotatory non-fermentable substances. The dex-
trorotatory substances natural to wine are in¬
soluble in strong alcohol, whilst the impurities
in potato sugar are mostly soluble. Neubauer
recommends that the wine to be tested should
be evaporated to one-fifth of the original bulk,
and that 90 p.c. alcohol should be added so long
as a preeipitate is formed. This is separated by
filtration, and the filtrate mixed with ether, ail
optically-active substances being then found in
the aqueous fluid separating from the ether.

Nessler and Barth show that itis a matter
of considérable importance also to remove the
tartaric acid présent in the wine, and they add,
before precipitating with alcohol, a few drops of
a strong potassium acetate solution, thus sepa¬
rating the tartaric aeid as acid potassium tar-
trate.

9. Détection of added grape sugar (C. Neu¬
bauer, D. P. J. 229,463). After deeolourising, the
wine, which, when examined in tubes 220 mm.
long with Wild's large polaristrobometer, shows
a slight dextrorotation of 0-4 to 0-6° (1° Wild
-4-6043° Soleil- 2-89005° Ventzke-Soleil), 250
to 350 c.c. are concentrated until the saits begin
to crystallise out. The concentrated solution

is, after the addition of a sufficient quantity of
pure animal charcoal, diluted to 50 c.o. and
filtered. The filtrate, generally of a faint-yellow
colour, shows with most wines a slight dextro¬
rotation in tubes 220 mm. long, which varies
with pure Ithine, Haardt, and Mark-GraeHer
wines, from the years 1874 to 1876, betweenO-5
and 2°. The 50 c.c. are next evaporated to a
syrupy mass on the water-bath, the residue being
treated gradually and with careful stirring with
a quantity of 90 p.c. alcohol large enougli to
throw down ail precipitable matter. After
having allowed the mixture to stand for sis
to eight hours, the alcohol is either poured ot
or filtered ofï, and the residue extracted with
cold water. The solution is decolourised with
animal charcoal and filtered. In ail natnral
wine the dextrorotatory substance is chiefly
in the alcoholic preeipitate. The alcoholic fil-
trate is evaporated to one-fourth of the volmne
originally added, and the cold solution treated
gradually with four to six times its volume of
ether, shaking the mixture the whole time.
After standing, a more or less thick aqueous
solution separates under the ether, which, in
wines containing potato sugar, contains the non-
fermentable substances of these préparations,
soluble in alcohol (amylin), and consequently
shows a strong dextrorotation. After removing
the ether the aqueous solution is diluted with
water, warmed on the water-bath to expel ail
ether, decolourised with animal charcoal, and
the filtrate diluted, according to the size of the
observation tube, to the necessary volume. With
pure natural wines of médium growths, which
no longer contain unfermented sugar, the dextro¬
rotation of this aqueous solution précipitation
from 250 to 350 c.c. of wine is, after dis-
colouration and dilution to 30 c.c., generally
either nil, or at the most 0-2-0-5°.

Ail wines having a rotation of 0-1-0-3° to
the right may be regarded as perfectly pure.
If, however, the dextrorotation is 0-5-0-6°, it
is more satisfactory to apply the above-described
metliod (C. J. Abst. 1879, 82).

Tony-Garcin (C. B. 104, 1002) decolourises
the wine by means of animal charcoal, and dé¬
termines its rotatory and reducing power. When
the reducing power is équivalent to 2 grms. or
less, and the rotatory power is more than +13',
the wine contains some foreign dextro-gyrate sub¬
stance. If the wine contains more than 2 grms.
of reducing matter per litre, 1-5 grm. is de-
ducted, and the remainder is multiplied by 6,
and distinguished by the sign + . This is added
algebraically to the observed rotatory power ex-
pressed in minutes, and if the sum is greater
than +13' the wine probably contains foreign
dextro-gyrate substances, and this conclusion is
certain if the excess above +13' is equal
to 10'.

The nature of the foreign matter is deter-
mined by chemieal methods —cane-sugar by
inversion ; dextrin by saccharification ; glucose,
in the absence of cane sugar and dextrin, by the
relation between the reducing action and rotatory
power of the wine.

When polarimeters other than Laurent's are
used, it may be taken that the rotatory power of
wines free from foreign dextro-gyrate matters is
never more than +13' (C. J. Abst. 1887, 692).
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J. Macagno gives the following method of
estimating glucose in wine or must (G. 4, 267).
Glucose reduces mercuric chloride to the mer-
curous sait, even at the ordinary température.
A known amount of a 5 p.c. solution of corrosive
sublimate being added to the wine or must, and
the unreduced portion being determined with
potassium iodide solution, the percentage of
glucose will be indicated without introducing
the errors which accompany the use of Fehling's
ragent. Ail the sugar of the wine must be
turned into glucose, since ltevulose and invert
sugar require prolonged boiling with the chloride.
Xeither cane sugar nor any other constituents of
the wine, with the exception of the eolouring
matter, has any action upon mercuric chloride.
11 the solution be kept concentrated, the error
due to the eolouring matter disappears (C. J.
Abst. 1875, 484).

According to A. Béchamp (C. B. 80, 967),
wine, when decolourised, concentrated, and freed
from tartrate, sometimes causes polarisation to
the right, sometimes to the left, and sometimes
has no action. This effect is produced by the
presence of two characteristic dextrorotatory
substances, one of which (B), although it, like
grape sugar, reduces a cupric solution, yet does
not ferment in contact with yeast ; the other
(A) has little or no reducing action (C. B. 54,
1148). The last-mentioned substance—which is
neutral, solid, infusible, non-volatile, and taste-
less~— is soluble in water but insoluble in alcohol.
It may be extracted from the wine by carefully
evaporating it to one-twelfth of its bulk, and,
when the tartrate has crystallised out, throwing
it on a filter and washing with alcohol of 40°
or 50° (p.c.). On adding twice or thrice its
volume of 90 p.c. alcohol to the filtrate, the
substance (A) is precipitated. The first-men-
tioned substance (B) is obtained from the aleo-
holic filtrate from (A) after removal of the
alcohol by distillation and adding to it a solution
of barium hydrate in slight excess, so that it
is distinctly alkaline. The solution, after the
séparation of the bulky precipitate, is treated
with basic acetate of lead. The precipitate thus
obtained is well washed, deeomposed by sul-
phuretted hydrogen, and the solution evaporated
at a température below 60°. When of the con-
sistence of honey, it is exhausted with alcohol
of 95°, dissolved in water, and the barium
esactly precipitated by sulphuric acid. The
solution is finally evaporated and treated with
alcohol as before, when it leaves the new
substance, which dries up to a gummy mass
without any sign of crystallisation. It has a
peculiar acid taste, and strongly reddens lit-
mus. It reduces a cupric solution exactly like
glucose.

Besides glucose and these two substances,
there are others contained in wine which are

also optically active (C. J. Abst. 1875, 748).
According to G. Chancel (C. B. 81, 46), the

gummy matters A and B obtained by Béchamp
from wine, the former of which is identical with
the body described by Pasteur (Etudes sur le
Vin, 1866, 213), are too small a quantity to affect
seriously the ordinary détermination of glucose
in wine (C. J. Abst. 1876, 117).

10. Sulphuric acid is precipitated directly
with barium chloride in wine acidulated with

hydrochloric acid, and determined in the ordi¬
nary manner.

Wines containing more than 0'92 p.c. sul¬
phuric acid (S03), corresponding to 2 grms.
potassium sulphate (KBO,), may be regarded as
plastered or sulphured. According to Nessler
(B. C. 1882, 556), the percentage of sul¬
phuric acid, reckoned as the potassium sait,
varies between 0-04 and 0T2. Shouid the per¬
centage rise to 0'26, the extra amount is probably
due to the sulphur employed in the purification
of the casks. A normal wine, therefore, con-
tains only 1-3 grm. K„S04 per litre, and the
wine ought not to be sold if there be 1-9 grm.
présent.

11. Sulphurous acid is determined by distil-
ling a portion of the wine to which phosphoric
acid has been added in a stream of carbonic acid,
receiving the distillate in solution of iodine, and
determining the sulphuric acid thus formed.
The détails of the method are as follows (B.
Haas, Ber. 15, 154) : the wine is distilled in a
current of carbon dioxide, and the distillate
is collected in a suitable apparatus (a bulbed u-
tube) containing 30 to 50 c.c. of iodine solution,
containing 5 grms. pure iodine and 7'5 grms.
potassium iodine per litre, thus oxidising the
sulphurous acid. As soon as the distillate
amounts to about half the original volume of
the wine used, the contents of the U-tube are
washed out, acidulated with hydrochloric acid,
precipitated with barium chloride, and the
barium sulphate washed, dried, heated to red-
ness, and weighed. This method gives very
good results. Wine will absorb as much as
0'36 grm. of sulphurous acid per litre when it is
shaken in a barrel in which sulphur has been
burnt, and if the treatment is repeated the sul¬
phurous acid will equal OS grm. per litre. Sul¬
phur is burnt in the barrels to prevent the
formation of mildew (G. J. Abst. 1882, 773).
Opinions vary as to how mueh sulphurous acid
a wine may contain. According to the médical
faculty of the University of Vienna, not more
than 8 mg. per litre shouid be allowed, whereas
other autkorities regard 80 mg. as not an exces¬
sive amount.

Eor the influence of the addition of sulphu¬
rous acid solution on the détermination of the
amount of potassium sulphate, v. P. Charles
(J. Ph. [5] 17, 11 ; C. J. Abst. 1888, 759).

12. The détermination of phosphoric acid is
to be eiïeeted in the ash by the molybdic method.
The assumption that the better kinds of wine
always contain more phosphoric acid than the
poorer ones is unfounded. At the same time
the amount of the phosphoric acid can, in many
cases, serve as a valuable means of ascertaining
the charaeter of a wine, especially of wines used
for médical purposes. or of those of a particular
district in which the amount of phosphoric acid
varies between definite limits.

For remarks on estimation of phosphoric acid
in sweet wines, v. W. Fresenius, Fr. 28, 67. He
finds that in wines containing much sugar a loss
of phosphoric acid takes place during the inciné¬
ration of theresidue. A higher resuit is obtained
when the residue is defiagrated with alkaline
carbonate and nitrate. Destruction of the sugar
by fermentation by addition of very small quan¬
tity of yeast leads tq the same resuit.
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13. Cream of tartar is to be determined by
Nessler and Barth's method.

14. A détermination of/rec tartaric acid is only
required to complété the other analytical results.

To detect free tartaric acid 100 c.c. of wine
are evaporated to the consistency of a thin
syrup, and mixed with alcohol as long as a pre-
cipitate appears. After a few hours ail cream of
tartar has separated, and to the filtrate 1| to
2 c.c. of a 20 p.c. solution of calcium acetate are
added. Wines free from free tartaric acid remain
clear ; those with 0-05 p.c. of free tartaric acid
give a strong crust of acid tartrate.

For the quantitative détermination of free
tartaric acid along with that of cream of tartar,
the method of B. Haas (Zeit. Nahrungsmittel
und Hygiene, 1888,100) is recommended. Two
quantifies of 50 c.c. each of the wines are eva¬
porated in dishes on the water-bath to about
4 c.c. One of these is, previously to the concen¬
tration, half neutralised with potassium car¬
bonate. After the desired concentration is
effected, 2 c.c. of glacial acetic acid is added to
each portion, and the hydrogen potassium tar¬
trate is colleeted and titrated with alkali. The
différence between the amounts of hydrogen
tartrate as thus determined corresponds with
the free tartaric acid in the wine. Borgmann's
method consists in evaporating wine to a syrup,
precipitating the potassium hydrogen tartrate by
alcohol, and filtering, the precipitate being then
dissolved in hot water and titrated by soda.
The alcoholie filtrate is divided into equal parts,
one of which is neutralised with potash and
then added to the other. The potassium hydro¬
gen tartrate so produced is then separated as
before, and the potassium hydrogen malate
should be found in the filtrate. In the presence
of much sugar, Gans (Zeit. Ang. Chem. 1889,
669) finds that a portion of the potassium hydro¬
gen tartrate escapes précipitation ; while, on the
other hand, part of the tartaric acid is retained
by the filter, in spite of repeated washings with
alcohol. This affects also the tartaric acid esti¬
mation, which is further vitiated by a portion of
the malic acid not passing into the alcoholie
filtrate. In the presence of sugar, however,
nearly the whole of the malate is precipitated,
and is thereby estimated as tartaric acid, and, at
the same time, the amounts of the other errors
are altered (C. J. Abst. 1890, 427).

For the estimation of tartaric acid in wine,
Berthelot's method, consisting in the séparation
of the acid in the form of acid potassium tartrate
and titration of the latter with normal alkali, is
usually employed ; but, in addition to other
sources of error which have often been pointed
out, this method involves the séparation of the
calcium présent in the form of calcium tartrate,
which of course is neutral to normal alkali. In
a number of déterminations of the lime contained
in the precipitate, Kayser found the error in-
volved varied from 0-2 to 0'6 p.c. of tartaric
acid, and in several instances was larger than
the amount of tartaric acid calculated from the
acidity only. The error is the greater the older
the wine and the smaller the percentage of tar¬
taric acid. The amount of lime has, therefore, to
be determined, and an équivalent quantity of tar¬
taric acid to be added to that found acidimetri-
cally by Berthelot's method.

J. Nessler and M. Barth give the following
method for estimating free tartaric acid : 50 c.c.
of wine are evaporated to a thin syrup ; this is
well shaken with 70 c.c. of 96 p.c. alcohol, and
allowed to stand four hours in a cool place to
permit the tartrate to settle out. The precipi¬
tate is separated, and its acidity reckoned as
tartrate. The filtrate is freed from alcohol,
0-5 c.c. of aeidified 20 p.c. solution of potassium
acetate is stirred into the syrupy residue, and
the newly-formed tartrate is estimated as before.
But this method fails in cases of wines strongly
plastered, although négative values cannot te
obtained, as was sometimes the case with the
older methods.

Détermination of citric acid. Pure wines
are free from citric acid, or contain only slight
traces, whilst in falsified wines that acid is not
unfrequently met with.

100 c.c. of the wine are evaporated to about
7 c.c. and precipitated with 80 p.c. alcohol. The
acidity of the filtrate is partly neutralised by the
addition of mille of lime, and the filtrate from
the resulting precipitate is diluted to the original
bulk of the wine taken. About 1 c.c. of a cold-
saturated solution of neutral lead acetate is added,
and the precipitate (containing phosphoric, sul-
phuric, tartaric, citric acids, and part of the
malic acid) is colleeted, decomposed with hydro¬
gen sulphide, and the solution of the free acid
rendered alkaline with lime, the calcium phos¬
phate removed by filtration, the filtrate slightly
aeidified with acetic acid, tartrate of lime sepa-
rating. From the filtrate calcium citrate separates
on prolonged boiling. It is colleeted and dried
at 100°, the precipitate corresponding to the
formula (C2H507)2Ca3 + 4H20 (C. J. Abst. 1882,
999).

Schmîdt and Hiepe- (Fr. 21, 534) operate
as follows : 200 c.c. of wine is evaporated to
about one-half, and basic lead acetate is added
until the reaction is alkaline. The precipitate
is washed with cold water, decomposed with H;S,
and the solution of the acids thus obtained is
concentrated until about 50 c.c. are left ; this is
exactly neutralised with potash and further con¬
centrated. An excess of a saturated calcium
acetate solution is added, and after 4-6 hours
the precipitate is separated, washed until the
fiuid amounts to 100 c.c., ignited, and the allia-
linity determined by standard hydrochloric acid.
From the volume of normal acid used the
amount of tartaric acid is calculated, and 0-286
grm. is added as a correction for the solubility
of the calcium tartrate.

The filtrate from the calcium precipitate is
again concentrated to 20-30 c.c. and 60-90 c.c.
of 96 p.c. alcohol is added. The precipitate of
calcium malate, succinate (tartrate), and sul-
phate is colleeted, dried at 100°, and weighed.
It is then dissolved in the minimum quantity of
hot dilute HC1, the solution rendered slightly
alkaline with potassium carbonate, and the pre¬
cipitated calcium carbonate separated by filtra¬
tion. After neutralisation with acetic acid, the
filtrate is concentrated to a very small bulk and
then precipitated hot with barium chloride, the
precipitate consisting of barium sulphate and
succinate. From it the barium succinate is es-

tracted with dilute hydrochloric acid, the barium
estimated as sulphate, and from the weight ol
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the latter the amount of succinic aciil is calcu-
Iated : 233BaSO, = HSC.H^. The weights of
the sulphurie, succinic, ancl tartaric aoids (0'0280
grm. tartaric acid) are then ealculated into the
eorresponding calcium malate, 172 parts of
which correspond to 134 of malic acid (C. J.
Abst. 1883, 384).

In natural wines containing free acids up to
8grms. per litre the amount of the free tartaric
acid is not more than a sixth, or, at most, a
fifth, of the ' non-volatile acids.' In natural
icines, containing a higher amount of free acid,
the quantity of the free tartaric acid is frequently
mucli larger.

15. Examination for colouring viattcrs.
(c) Vegetable colours. The wine is mixed with an
escess of lead acetate and filtered. The colour
of the precipitate in a genuine red tvine may be
greyish-blue, bluish-grey, ash colour, or greenish.
îf a precipitate is obtained not greatly difiering
from these colours, the search for otlier vege-
table pigments can give no certain resuit. The
colouring matter of bilberries gives a blue pre¬
cipitate ; mallotv and elderberries a green. The
colour of Phytolacca berries differs from that of
red wine by giving a red-violet lead precipitate.
. (b) Tar colours. As the colouring of any
article of food, <£c., with tar colours is illégal,
it is in général sufiieient to prove the presence
of any such colouring matter in wine. In most
cases the presence of a tar colour may be reeog-
nised in wine by the following methods :

a. By shaking the filtrate from the basic
lead acetate with amyl alcohol, and testing the
eoloured amyl alcohol. For this purpose we
require 100 c.c. of wine and 30 e.c. of solution
of basic lead acetate.

b. By the wool test, according to Strohmer
andArata (dyeing wool).

c. By Cazeneuve's oxide test (Vierteljahr-
schrift fiir Chemie der Nahrungsmittel, 1886,
80; C. B. 102, 52).

The oxides employed are yellow mercurie
oxide in the proportion of 0-2 grm. per 10 c.c.
of wine ; lead hydroxide, containing 50 p.c. of
rater, in the proportion of 2 grms. per 10 c.c. ;
and gelatinous ferrie hydroxide, containing 90
p.c. of water, in the proportion of 10 grms. per
10 c.c.

Mercurie oxide completely absorbs the na¬
tal colouring matter, cochineal and foreign
vegetable colours, erythrosin, eosin J, nrethylene
Mue, Coupier's blue, and diphenylamine blue.
It partially absorbs orange I., saffranine, chryso-
idine, chrysoine, methyleosin, yellow II., red NN,
red I., and Ponceau RR. It does not absorb the
sulpho-conjugated derivative of rosaniline, Bor¬
deaux red B, Ponceau R, Ponceau B, orange R,
orange KRR, orange II., orange RR, tropœoline
M, tropœoline II., yellow I., solid yellow, dinitro-
naphthol yellow, U. S. yellow.

Lead hydroxide completely absorbs the na¬
tural colouring matter, cochineal and foreign
vegetable colours, methylene blue, Coupier's
blue, diphenylamine blue, and erythrosin. It
diîers from mercurie oxide in not absorbing the
rosanilines, and also in absorbing the sulpho-
conjugated derivative of rosaniline, Bordeaux
redB, the purple red, and soluble red of rocelline.

Ferrie hydroxide does not absorb erythrosin,
the sulpho-conjugated derivative of rosaniline,

Bordeaux red B, purple red, soluble red, and
solid yellow. It absorbs the natural colouring
matter and foreign vegetable colours, cochineal,
and ail the derivatives of rosaniline, except the
sulpho-conjugated derivative.

Zinc hydroxides and stannous hydroxide
behave similarly. The latter retains the natural
colouring matter, but does not absorb cochineal
or orchil. After the wine has been treated with
the hydroxides, the colouring matlers rnust be
distinguished by spécial tests. If the wine is
treated with magnesia and bot amyl alcohol, a
number of blues whieh are precipitated by the
above-mentioned hydroxides can be isolated and
distinguished.

C. Blarez and G. Denigés ctistinguish the
natural colouring matters of wine from added
coal-tar colours (B. 46,148) as follows : 10 c.c. of
the wine is treated with 10 drops of glacial acetic
acid, heated to 100°, and 0 2 grm. of powdered
mercurie acid added, the mixture shaken rapidly,
cooled, and filtered ; any coal-tar colouring mat¬
ters then pass through into the filtrate, whilst
ail the natural wine colouring matters remain
in the filter as a lake. When only a mere trace
of the artificial colouring matter is présent, it
may not be readily seen in the filtrate, and may
be partly held by the precipitate. In this case
the precipitate is drained, and then washed by
pouring 5 or 6 c.c. of alcohol containing some
drops of acetie acid through the filter several
times, by which means any coal-tar colours are
extraeted.

Genuine red wine treated with caustic lime
beeomes brown, or dirty bluish-grey gradually
changing to brown. Oceasionally a greenish
colour appears momentarily. Whortleberry
juice or caustic lime beeomes deep blue, then
gradually green ; madder instantly beeomes
green; the juice of Phytolacca berries beeomes
yellow, and fuchsine beeomes colourless. A
pieee of chalk moistened with the wine, if
genuine, beeomes brown or slate-grey; if the
wine is eoloured the stain beeomes, in presence
of whortleberry, blue or violet ; with mallow,
blue or green ; with Phytolacca berries and
fuchsine, no change ; v. table on next page.

New red wine is quickly decolourised by
nascent hydrogen ; old wine very slowly (C. J.
Abst. 1877, 938).

The following two tests are recommended in
addition ;—

d. Shaking the wine with ether before and
after supersaturation with ammonia.

Five to 6 c.c. of the wine to be tested are

poured into a glass test-tube of about 20 c.c.
capacity, and then three-quarters of its bulk of
ether is added. After a few minutes the ether
rises to the surface of the eoloured or not
eoloured wine. If the ether be eoloured yellow,
and assumes, on addition of some drops of
ammonia, a deep-red tint, Campeachy-wood lias
been used to colour the wine. If the ether
become red and violet, and remains so even on
addition of a large quantity of ammonia, the
wine contains colouring matter derived from
some of the lichens.

If the red-coloured ether lose its tint on

mixing with ammonia, without passing into
violet, then only the natural colouring matter
of the wine, œnolin, is présent. If the red-
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—
Hydrogen

(Zu and HC1) (NH4)HO KïïO conc. CuS04 Amyl aleohol

Mallow . Decolourised Green, pass- Brown Intense blue Dissolves much
after short ing to colouring matter
time yellow on shaking with

red colour
Kermesberry Decolourised Yellow Yellow Dark brown, No trace of co¬

(Phytolacca) after 12hrs. becoming louring matter
green dissolved

Whortleberry Decolourised First violet, passing to Splendid vio¬ Takes up almost
juice very slowly red, and lastly to brown let ail colouring

12 to24hrs. matter with in¬
tense colour

Fuchsine Decolourised Decolourised Ditto
instantly

Genuine wine Decolourised Becomes As with Slowly be¬ Takes up a little
after a time gradually (NHJHO comes brown colouring matter,

brown becoming red

Hilger (D. P. J. 125, 310).
coloured ether loses its red tint with ammonia,
without imparting any colour to the latter, then
fuchsine has been added to the wine. When the
ether rises uneoloured, a fresh sample of the
wine to be tested is taken, twice its volume of
water is poured into it, and half its volume of
ammonia added. If the wine now assumes a

brownish-red colour, it contains eochineal ; on
the contrary, if it turns green, then it can be
assumed that none of the substances mentioned
are présent (Mellias, D. P. J. 215, 383 ; C. J.
Abst. 1876, 117).

A substance, known as Tintura por los vinos,
is largely used in the district of Huesca for
colouring Spanish wines. It contains two coal¬
tar derivatives, one of whieh is that form of
Biebrich red which is turned blue by sulphurie
acid, whilst the other, which exists in smaller
proportion, closely resembles the colouring mat-
ter known as cérise. The composition of the
tintura is :

Organic matter, mainly Biebrich red, 66-4
sodium sulphate ; anhydrous, 26T0 ; arsenious
oxide, 1-62 ; loss, iron, lime, &c., 5-88 = 100.
The presence of arsenic is of spécial importance
(Jay, Bl. 42, 167 ; C. J. Abst. 1885, 309).

In testing for coal-tar colours in wines by
adding ammonia to alkaline reaction and
shaking with amyl aleohol, it is necessary to
avoid a great exeess of ammonia, and the propor¬
tion of the latter should never be more than 3

p.c., for if this is exceeded the amyl aleohol may
remain colourless, even if the wine contains a
coal-tar colour. If the amyl aleohol is colour¬
less it should be deeanted off, filtered, and
evaporated with a small quantity of silk, when
the foreign colouring matter, if présent, will
become fixed on the silk (Jay, l.c.).

To detect oxyazo- colouring matters, a sample
of the liquid or an aleoholic extract of the solid
is evaporated to one-half, so that nearly ail the
aleohol is dispersed. Pure wool is then boiled
for ten to twenty minutes in the liquid. The re-
sults will be as follows :—Ponceau B, dark red ;
Ponceau BR, light red ; Bordeaux B, bluish ; Bor¬
deaux red, Bordeaux B, reddish ; Bordeaux red,
crocein scarlet, violet red, Biebrich scarlet,
violet red. If the dyed wool is dried and then
moistened with concentrated sulphurie acid, the

first two will be fiery red, the next three deep
indigo-blue, whilst the last will assume a dark-
green colour. Pure red wine dyes wool a diity
brownish-red, which under the influence of the
acid is changed to a dirty brown (F. Strohmer,
B. C. 1885, 648 ; C. J. Abst. 1886,183).

The formation of isonitriles when aniline
derivatives are warmed with potash and chloro-
form serves for the direct détermination in wine
of even minute traces of many of the aniline
colours. The évolution of the isonitrile is aece-

lerated by adding excess of strong sulphurie
acid (Curtman, Fr. 26,555 ; C. J. Abst. 1887,1147).

J. Herz (Chem. Zeit. 10, 968) gives the fol-
lowing proeess. 30-50 c.c. of the wine—or, if the
quantity of colouring matter in the wine is small,
100 c.c.—is concentrated to 30 c.c.; 20-30 c.c. of a
saturated solution of magnésium sulphate, and
10-20 c.c. of soda solution are added, stirring
well. If necessary, the treatment is repeated
until the liquid is colourless or nearly so. The
liltrate is made acid with dilute sulphurie acid
(1*3), and if sulphonic acid colours are présent
the red colour reappears. The most commonly-
used member of this group, acid-magenta (rosani-
line-sulphonic acid), yields a violet-red solution,
and can be estimated by comparing the tint
with magenta solutions of known strength. One
mg. of magenta per litre can be distinctly
detected in 30 c.c. of wine without previous con¬
centration. When archil (orseille) colours are
présent, the liltrate is bluish, and when made
acid turns a litmus-red colour. To test for

magenta under such cireumstances, Blarez's
method of shaking with lead dioxide is used;
this destroys the orseille and natural colour.
Cazeneuve's method is not recomtnended. To
test for other colours in the magnésium hydroxide
precipitate, the gelatinous mass is stirred up
with hot water, allowed to settle, and the liquid
deeanted off. If only the natural colour of the
wine is présent, or bilberry has been used, this
liquid is yellow-brown ; if archil has been used,
dark violet ; if Ponceau, onion or Ponceau red ;
if cassissine, pale red or dark yellow ; if vinico-
line bordelaise, a yellow-red or a yellow-brown
liquid, whieh, when poured on sulphurie acid,
gives a violet ring. By shaking the coloured
liquid with amyl aleohol, Ponceau yields an
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onion-red residue ; vinicoline, a dark-brown one ;
assissine, a dirty green, violet at the edge,
turned yellow by strong hydroehlorie acid. The
[irecipitate is a dark-grey or brownish-grey eolour
when the natural or vegetable colours only are
prtsent ; with archil it is violet : with magenta
{acid or ordinary), dirty white ; with cassissine,
dirty yellow-brown ; with vinicoline, crimson-
red. The precipitate is mixed with sand, dried,
and extracted with ether ; the extraet contains

any ordinary magenta, whieh ean be identified
in the usual manner by dyeing wool, or cassissine
which dyes wool red-brown, and leaves a yellow-
brown residue in the dish. The dyed wool be-
eomes yellow when treated with strong hydro¬
ehlorie aeid, and colourless with ammonia.
When wine is shaken with amyl alcohol and
the eoloured extraet evaporated, the residue, if
it eontains the substances named, behaves in
the manner deseribed below :

Witli concentrated

H2SO4 HCl NaHO

Archil
Bordeaux B. .....

Ponceau B.R.R
Cassissine
Yinicoline-bordelaise ....

Violet-red
Carminé
Dark-red

Violet-purple
Cherry-red

Blue
Carminé
Crimson
Yellow
Brown

Bed
Carminé
Crimson

Yellow-brown
Bed

Blue
Carminé
Brown

Bed
Brown

whiist the wine after extraction is cherry-red
with ordinary magenta, violet-red with acid
mqenta, darlc cherry with Bordeaux, yellow-red
with Ponceau. Wine eoloured with magenta
produces a violet froth. The détection of vege¬
table colouring matters in presence of the natural
colour of wine or otherwise is a matter of great
difficulty, and most of the known methods are
ineffectuai. It is, however, effected by Herz with
comparative facility in the following manner :
10 to 15 c.e. of wine is shaken with 5 c.c. of a

saturated solution of tartar emetie, and then
examined by reflected and transmitted light
either at once, or, if no immédiate change has
taken place, after some time. This treatment
produces with genuine red wine always a cherry-
red colour, and with other substances as follows :

Bedpoppy (Papaver Rhœas), dark cherry-red ;
violet commercial elder colouring matter, red-vio-
let; bilberry (Vaccinium myrtillus), blue-violet;
frivet-berry, pure violet. White wines artificially
eoloured, and red wines mixed with artificial
colours have been successfully examined in this
manner; in the latter case the wine, some time
after treatment, is eompared with a genuine red
wine to distinguish more readily the change of
colour. Old solutions of privet do not give the
colour change. Sodium hydrogen carbonate
produces with pure wine brown-red ; with wine
eoloured with pure elderberry grey-violet, and
with bilberry brown-green. Tartar emetic ap-
pears to form an antimony lake with the colouring
matters. With praetice, ail the above-mentioned
colours canbe detected in 30-50 c.c. of wine (C. J.
Abst. 1887, 92). Aecording to A. Dupvé (An. 1,
193), fraudulent colouring matters adcled to red
wines may be detected by dialysis, which is best
accomplished by placing in the wine a cube of
jelly about J-inch square. These cubes are made
by dissolving 5 grms. of gelatine in 100 c.c. of
warm water, and pouring the solution into flat
paper moulds ; from the plate thus obtained the
cubes are eut. After twenty-four to forty-eigbt
bours the cube, on examination by transmitted
light, will be found to be eoloured more or less
deeply by any colouring matter présent, except-
ing the natural colouring matter, which péné¬
trâtes only to a depth of ^-ineh at the most.
The nature of the colouring matter may be de-

termined either by the colour of the jelly, or
spectroscopically, or by the action of dilute
ammonia. The coiouring matters which pene-
trate jelly but slowly are tbose of pure wine and
of rhatauy-root ; whereas rosaniline, cochineal,
logwood, brazilwood, indigo, litmus, red cabbage,
beet-root, Malva sylvestris, and Altlica officinalis
penetrate rapidly into jelly (C. J. Abst. 1877,
227) ; v. Spectrum axalysis.

Girard and Gautier employ tablets of plaster
of Paris (Spioa suggests tablets of magnesia alba
instead) immersed in egg albumen and dried. A
drop of the wine to be examined is let fall on
such a prepared tablet, and the colour of the
stain produeed is observed. The natural colour¬
ing matters of wine give a yellowish-brown ;
those containing rosaniline or ' vinoline ' (ap-
parently a crude fuchsine paste), a reddish
yellow ; those with indigo, an azure-green ; with
archil, a violet-red ; and tbose with amaranth, a
greyish-violet stain. Another metbod consists
in shaking up the wine with baryta, water, and
amyl alcohol, when the latter extracts the colour¬
ing matter.

Soutegné (C. C. 1889, 550) treats the wine
with i volume of 10 p.c. potash, stirs for five
minutes, and pours the liquid into a parehment-
plaited filter standing in water. After a few
hours the yellow oxidation products of the tannin
begin to pass. At the end of twenty-four to
forty-eight hours the foreign colouring matters
have become fixed on the parebment, which may
be judged by their colour. Natural wine simply
colours the parchment yellow.

Alkanna-red is very easily taken up from its
solutions by amyl alcohol. On adding to the
amyl alcohol solution a few drops of olive oil or
oil of almonds and evaporating off the alcohol,
the oily residue (after washing with water) has a
fine red colour, which on saponification becomes
a rich blue, or, if the alkanna used was old, a

green (Herz, Fr. 23, 637 ; C. J. Abst. 1890, 311).
For purposes of wine adultération the follow¬

ing substances are generally used : Fuchsine and
the various préparations termed caramels, am¬
moniacal cochineal, sulphindigotic aeid, logwood,
and the lichen reds.

Ail these bodies are precipitated by hasic
acetate of lead ; fuchsine, however, if présent in
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considérable quantity, is only partially preeipi-
tated. The remainder, whieh colours the filtrate
rose, rnay be separated by agitation with amyl
alcohol.

The lead preeipitate is treated with a dilute
solution of potassium carbonate (2 grms. to 100
of water) ; the eochineal and sulphindigotic
aeid are thus dissolved out, together with the
fuchsine contained in the preeipitate. From
tliis liquor the fuchsine is separated by neutral¬
isation with acetic acid and agitation with amyl
alcohol. The rose-eoloured liquid thus obtained
is identified as a solution of fuchsine by means
of the spectroseope.

The solution, now containing the potassic
salts of carminamic and sulphindigotic aeid, is
treated with a drop of sulphuric acid and again
shaken with amyl alcohol. The carminamic
aeid is now dissolved out, and may easily be
identified by means of the spectroseope ; three
dark bands are seen, onebetween the linesD and
E, the second in the green, and the third, less
marked, in the blue.

The indigo now left in the solution is deteeted
by the blue colour and the absorption-band seen
between C and D.

Tbat part of the original lead preeipitate
which was insoluble in potassium carbonate is
now treated with a 2 p.c. solution of potassium
sulphide, which dissolves the colouring matters
of the logwood and of the wine itself. The log-
wood colouring matter may be thus extracted,
but it is simpler to test for it directly in the
wine by addition of calcium carbonate and two
or three drops of lime-water. The filtered liquid
is almost colourless in the case of a natural
wine, but is of a fine red colour if logwood is
présent.

The lichen red is deteeted by washing the
insoluble portion left after treatment with
potassium sulphide and dissolving it in alcohol ;
a red colour and a definite absorption-band then
reveal its presence (G. Chancel, C. E. 84, 348 ;
C. J. Abst. 1877, 371).

Palmieri and Casovia (C. C. 1888, 1594) dip
a strip of flannel into the wine previously
heated to 70-80° and to which aluminium
acetate has been added. Pure wine colours it

yellowish-brown ; if arehil is présent it is
coloured amaranth-red. A still better test is to
render the wine alkaline with barium hydroxide,
and to boil the flannel in the filtrate. Pure,
wines do not colour it, but arehil dyes it
amaranth-red, which becomes violet when treated
with ammonia. The ether extract of natural
wine becomes decolourised by ammonia, whereas
in the presence of arehil it is coloured violet.

Flannel dipped in hot dark-coloured wines
and afterwards treated with ammonia becomes
greenish if pure ; eochineal causes a fast red,
arehil a violet, and magenta a fugitive red
colour (C. J. Abst. 1889, 655).

The fresh colouring matters of bilberries and
wines are similar but not identical, and, aecord-
ing to H. "W. Yogel (Ber. 21, 1746), they are
readily distinguished by their absorption spectra
after careful neutralisation with ammonia, or,
better still, when they are treated with a trace
of alum before addition of ammonia. Care must
be taken that the wine is not too coneentrated
or the ammonia in too great excess.

Détection of logwood in wine. A. Pizzi
(G. 11, 120). When a solution of logwood is
treated with manganèse dioxide it becomes
brown, and this brown liquid, by the action
of zinc and hydrochloric acid, gives a colour¬
less solution of hœmatoxylin. This may be
deteeted by the ordinary reagents for that sub¬
stance, alkalis and their carbonates giving a
blue-violet colouration, calcium hydroxide a
red-violet, tin dichloride or ammonium molyb-
date, in a solution slightly acid with nitric acid,
a violet colouration. Advantage has been taken
of this reaction for the détection of logwood in
wines. 20 c.c. of the wine is agitated with
2 grms. finely powdered manganèse dioxide,
filtered, and the brown liquid treated with zinc
and hydrochloric acid, which reduees the oxi-
dised logwood colouring matter to hœmatoxylin.
The solution is then divided into several por¬
tions, and tested with the reagents given above.
Pizzi has examined wines to which other red
colouring matters have been added, and although
these yield brown solutions with manganèse
dioxide the reduced solution does not give the
hœmatoxylin réactions. Brazilwood is the only
one which has any analogy with logwood, but here
also there are différences (C. J. Abst. 1881,761).

Beetroot juice is used in colouring wines
for the purpose of concealing the presence ot
magenta. The absorption-bands of magenta
are hidden by those of beetroot, but if a few
drops of copper sulphate solution are added to
the wine, the beetroot bands gradually vanisb
and the magenta spectrum becomes visible.

To deteet magenta in presence of an ex¬
tract of the flowers of the wild poppy, Papaver
Dhœas, 1 drop of iodine solution (0T grm. per
c.c.) is added to the wine before examination
with the spectroseope (F. v. Lepel, B. 11,1552;
C. J. Abst. 1879, 82).

Spécial tests for the détection of fuchsine in
wine. Fuchsine or rosaniline used to colour
wines may be deteeted by the following methods
(E. Jacquemin, G. E. 83, 70) :

1. A small quantity of gun-cotton is heated
for a few minutes in 10-20 c.c. of the wine to be
tested, and then washed with water. The
colour thereby communicated to the gun-cotton
by rosaniline if présent resembles that of arehil,
which is also used to colour wines. The two
colouring matters may, however, be readily dis¬
tinguished by means of ammonia, which turns
arehil violet but decolourises rosaniline.

2. The wine (100 c.c.) is first heated till
alcohol is nearly expelled, a thread of white
embroidery wool, previously wetted, is then im-
mersed in it, and the liquid is slowly boiled down
to half its bulk. If fuchsine is présent, the wool
retains, after washing, the colour of that sub¬
stance. Arehil dyes wool a similar colour, but the
two colouring matters are readily distinguished
by the behaviour of the clyed wool with ammonia.

3. A quantity of the wine (100-200 c.c.) is
heated in an open vessel till alcohol is almost
completely driven off, then allowed to cool,
mixed with exeesg of ammonia, and finally
shaken with ether, which dissolves ammoniacal
fuchsine if présent. On evaporating the ethe-
real solution, white wool immersed init acquires
the charaeteristic colour of fuchsine (C. J.
Abst. 1876, 667).
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According to L. Lamattina (C. E. 83, 564),
fuchsine may be detected by mixing 100 grms.
of tbe wine with 15 grms. of coarsely-powdered
manganèse dioxide, sliaking for twelve or fifteen
minutes, and filtering through a double filter
paper. If the wine is pure, it passes through
coiourless ; if adulterated, some artifieial colour¬
ing matter has been used. If pure peroxide is
used tbis process is unexceptionable, but if tbe
manganèse contains iron the aeid of the wine
lissolves it, and it forms an insoluble lake with
the colours whieh remain on the filter. If in
tbis case the residue on the filter is treated with
alcohol, tbe fuchsine dissolves, and may be im-
mediately reeognised by adding strong acid and
afew drops of ammonia (C. J. Abst. 1876,668).

G. M. Fordos (C. E. 83, 980) directs that 10
t.c. of the wine should be shaken with 1 c.c. of
pore ammonia ; 5 to 10 c.c. of chloroform are
then added, the test tube several times inverted
butnot shaken, and the chloroform, after sépa¬
ration by a tap-funnel, heated in a porcelain
dish with a piece of white silk immersed in it.
When tbe chloroform is nearly evaporated a
little water is added, and the heating continued ;
ail the fuchsine is tiras fixed on the silk, which
tomes more or less rose-eoloured if fuchsine
is présent. A little water is added to it, and then
it is saturated with acetic acid. The fuchsine
oow separates from the chloroform, and its
aqueous solution floats on that liquid. Another
modification is to use only 5 c.c. of chloroform,
and when this has settled to the bottom of the
tube to drop in a erystal of citric acid. The
ammonia being saturated, the fuchsine appears
on tbe erystal (C. J. Abst. 1877, 750).

This method permits of the détection of ex-
tremely small quantifies of fuchsine, especially
if the wine be concentrated and a very small
piece of silk be used. Quantitative results
might be obtained by means of a sériés of pièces
of silk coloured more or less deeply, with which
tbe piece coloured by the wine under examina-
tion might be eompared.

F. Kônig (B. 13, 2263) boils about half-a-gram
of white woollen thread in 50 c.c. of the wine,
to which sufficient ammonia has been added to

ehange its colour to a dirty green. After the
excess of ammonia has been expelled by boiling,
the wool is washed with water, and pressed and
moistened with a solution of potash. On heat¬
ing the wool in a test-tube it dissolves, forming
a brown liquid, which is mixed with half its
volume of pure alcohol and extracted with ether.
On the addition of a few drops of acetic acid to
the ethereal solution, a red colouration will be
produced if the wine contains even a trace of
rosaniline (C. J. Abst. 1881, 314).

Détection of rosaniline hydrochloride by
mtans of stearin. The wine to be tested is
warmed, and then shaken with a piece of
stearin, which becomes dyed the characteristic
colour if rosaniline hydrochloride be présent ;
natural wine only discolours the stearin. So¬
dium rosaniline sulphonate—which is more fre-
qnently used than the rosaniline hydrochloride
for colouring wines, both because the colour is
more stable and more like wine colour—only dyes
stearin blue-violet ; in neutral solutions this re¬
action is not very sensitive. The presence of
the rosaniline hydrochloride on the stearin may

be rendered évident by treating it witli arnyl
alcohol, whieh on warming becomes coloured
red, andby spectroscopic examination shows the
rosaniline absorption spectrum, even when only
a trace of the dye-matter is présent (Wollï, C. C.
[3] 13, 670 ; C. J. Abst. 1883, 384).

For the quantitative estimation of magenta
in wine the following modification of Falière's
method is recommended by Nessler and Barth
(Fr. 1884, 318) :

100 c.c. of the wine are mixed with 5 c.c.

strong ammonia, and well shaken with 30 c.c.
ether. 20 c.c. of the ether are drawn ofï, and
evaporated in a little basin eontaining a thread
of white wool 5 cm. long. Other threads are
then dyed with known quantities of magenta,
and from the comparison of tints the amount of
the added colouring matter in the wine is in-
ferred. The standard woollen threads, inclosed
in sealed glass tubes and kept in the dark, do
not alter in tint by keeping.

Thomas (Ar. Ph. [3] 21,304) deteets Bordeaux
red by absorbing the colouring matter from the
wine by silk, which is washed with cold water
and then heated with boiling water, when the
artifieial colouring matter is dissolved but the
natural colouring matter remains on the silk.
In the red liquid so obtained, sulphuric acid
develops a violet colour and ammonia a chestnut-
brown. In the estimation of the potassium sul-
phate by précipitation as barium sulphate the
Bordeaux red is carried down with the precipi-
tate, to which it remains attached. When this
precipitate is ignited, an aromatic odour resem-
bling naphthalene and nitrobenzene is noticed.

Magenta is not decolourised by manganèse
peroxide ; but the juice of bilberries, elderberries,
red and blue woods, cochineal, and arehil are ail
altered in colour. Cochineal is decolourised ;
but the red in wines is changed to brown-yellow.

16. Salicylic acid is best sought for by
sbaking tbe wine with Carbon disulphide or a
mixture of equal volumes of ether and petroleum
ether, evaporating down, and testing the residue
with ferrie chloride. If much more than 100 c.c.

of wine are used, a faint colour may be occasioned
by the normal constituents of wine.

Eôse (C. C. 1886, 412) gives tbe following
détails of the method. The wine is acidified
with sulphuric aeid and shaken with its own
volume of a mixture of equal parts of ether and
light petroleum. The ethereal layer is filtered
and distilled down to a few cubic centimètres.
The residue is mixed, wbilst hot, with a little
water, then with a few drops of weak ferrie
chloride, and is filtered through a wet filter.
If salicylic acid is présent, the filtrate is violet-
coloured; 0-1 mg. per litre can be detected.
Should the addition of ferrie chloride produce
a tannic acid reaction, it is necessary to re-
aeidify, dilute, and again extract with the ether
mixture. The second residue will give the re¬
action of salicylic acid, of which 0-2 mg. per
litre can be detected even in wines eontaining
much tannic acid (C. J. Abst. 1886, 924).

Medicus (C. C. 1890, 2, 28) recommends that
10 c.c. of wine shall be extracted for salicylic
acid, instead of 100 c.c., as suggested by Eôse,
and that the residue of the extract shall be
treated with at least 10 c.c. of water instead of
5 c.c. (C. J. Abst. 1890, 1475).
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The ferrie chloride solution cannot be added
directly to strongly-coloured wines and fruit
juices, as a eoloured precipitate isformed. Pre-
vious deeolourisation by means of animal char-
coal also removes the greater part of the salicylic
acid. Weigert (Fr. 1880, 45) adds 5 c.c. of amyl
alcoliol to 50 e.e. of wine, and shakes well to-
gether for some minutes. After standing, the
upper layer of amyl aleohol is removed and
treated with an equal quantity of aleohol. To
this solution some drops of dilute ferrie chloride
solution are added, when the characteristic deep
violet colouration, if salicylic aoid is présent, is
produced.

For the rapid estimation of salicylic acid in
wines &c., A. Remont (C. R. 95, 786) préparés
a solution of salicylic acid to serve as a standard
of eomparison. 50 c.c. of a liquid analogous to
that to be tested are taken, and into it is intro-
duced the maximum amount of salicylic acid
allowed by law. This is then shaken several
times with 50 c.c. of ether, and the whole left
at rest for a time. 25 c.cf of the ethereal solution
are then taken and evaporated at a température
below its boiling-point in the presence oî 10 c.c.
of water, so that the latter dissolves the salicylic
acid from the ether as it volatilises. The 10 c.c.

of water are then made up to 25 c.c., and the
liquid thus prepared is used as a standard of
eomparison.

In testing a wine, 10 c.c. are treated with
10 c.c. of ether. 5 c.c. of the ethereal solution
are then evaporated, as described above, with
1 c.c. of water, which is then made up to 5 c.c.
This is placed, with the wash-water, in a glass
vessel of 30 c.c. capacity and of 15 mm. internai
diameter, the standard liquid being placed in
an exactly similar vessel. A solution of ferrie
chloride containing 10 grms. to the litre is then
added drop by drop to both vessels until the
colour no longer deepens (three or four drops
usually suffiee). The eomparison of the depth
of tint is suflicient to décidé whether the liquid
tested contains more or less salicylic acid than
the standard.

It is always advisable to take as a standard
of eomparison a liquid similar to that to be tested.
The method is applicable, without modification,
to fruits and syrups (C. J. Abst. 1883, 245).

17. For detecting saccharine, C. Schmitt's
method is recommended. The wine is shaken
up with a mixture of equal parts of ether and
petroleum ether, and the evaporated residue
melted with sodium hydrate and tested for sali¬
cylic acid. Not more than 100 c.c. of wine
should be used for this test.

18. Nitric acid is sought for by adding 1 to 3
drops of wine to a solution of diphenylamine in
(pure) coneentrated sulphurie acid.

To detect sulphurous acid, salicylic acid,
and metals in wine and must, Ulbricht (C. C.
1884, 684) proeeeds as follows: 100 c.c. wine,
or 50 c.c. must, and 50 c.c. water are dis-
tilled, and the distillate is collected in a receiver
containing 5 c.c. of a solution of which 1 litre
contains 5 grms. iodine and 7'5 grms. potassium
iodide. After 10 c.c. are. distilled over, the con¬
tents of the receiver are tested with some drops
of hydrochloric acid and barium chloride. With¬
out interrupting the distillation, the next fraction
is collected in a receiver containing a drop of

ferrie chloride. If the sample contains only
0-03 grm. salicylic acid per litre, the well-known
reaction immediately appears. The distillation
is continued until 50 c.c. has passed into the
second receiver. The residue can be tested for
metals by hydrogen sulphide &c. (C. J. Abst.
1885, 692).

Détection of copper. 200 c.c. of wine is con¬
eentrated to one-fifth, and strongly acidified
with hydrochloric acid, when a small zinc-
platinum couple is immersed. Any copper which
may be présent is deposited on the platinum
plate within twenty-four hours (Gigli, Ar. Ph.
[3] 26, 273 ; C. J. Abst. 1888, 873).

According to Baumert (B. 21, 3,290), borie
acid is présent in many wines, as well as in the
leaves and tendrils of the grape-vine (cf. Eipper
Weinbau u. Weinhandel, No. 36, 1888, and
Solstein, Ph. Zeit. 33, 312).

19. Examination ofplastered wine (M.Bretel,
J. Ph. [4] 22, 187). It was shown by Bussy and
Buignet that plastered winea contain potash in
the form of bitartrate and bisulphate in équiva¬
lent proportions. Such a mixture should furnish
neutral sulphate on calcination, and the com¬
plété absence of carbonates in the ash of plas¬
tered wines has been further proved by analy-
sis. Even when plastered to so small an extent
as 250 grms. per hectolitre (one-eighth the
usual quantity) the ash gave no effervescence
with hydrochloric acid. Sulphuretted hydrogen,
it is true, was evolved in small quantities, but
without effervescence. 250 grms. of the wine
are evaporated on a sand-bath, and when the
residue becomes syrupy the desiccation is con¬
tinued in a platinum crucible, heated gently at
first, and then ineinerated. While still warm
the ashes are treated with dilute hydrochloric
acid, which in a natural wine always causes
brisk effervescence of carbonic acid, but in a

plastered wine only a little sulphuretted hy¬
drogen is evolved. This simple method has the
further advantage of leaving in hand the solu¬
tion of the ash, from which useful confirmatory
evidence can be obtained.

Suppose alum had been added to the wine,
an ash would be obtained free from carbonates,
and, according to the above test, plastered. But
only a large quantity of alum could have this
efiect. Experiment showed that up to 200grms.
per hectolitre there was always manifest évolu¬
tion of gas, and above that quantity the tests
would leave no doubt as to the nature of the
adultération (Bretel, J. Ph. [4] 22, 187 ; C. J.
Abst. 1876, 117).

Détermination of alum and gypsum in wine
(Louvet, C. C. 188, 252). 200 c.c. of wine
are evaporated to dryness, the residue in¬
einerated, and the ash fused in a platinum cru-
cible with 3 grms. sodium carbonate, whereby
the lime, magnesia, and ferrie oxide are con-
verted into insoluble carbonates. The mass is
dissolved in water, and the solution filtered. As
the solution may contain sodium aluminate, it
is acidified with hydrochloric acid treated with a
large excess of sodium carbonate, and the
alumina collected on a tared filter. The filtrate
contains ail the alkaline bases. The insoluble
portion of the fused mass, containing the chiet
portion of the alumina, is fused with afew grms.
of pure soda, and the fused product digested
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sereral times with water. The solutions are
mixed togetlier, and treated for aluminium as
above mentioned. The precipitate is collected
ofthe tared filter previously used, after being
ashed several times with distilled water by
décantation. It is then dried, ignited, and
«eighed. In order to détermine gypsum in
sine, Harty ignites the evaporated residue and
neats the ash with very dilute nitrio aoid. The
mistare is then filtered, precipitated with barium
chloride, and weighed as barium sulphate (C. J.
Abst. 1882, 96).

To détermine the extent of ' plastering '
whioh the wine has undergone, and which is
permitted only to the extent that not more than
igrms. potassium sulphate shall be contained
in the litre, 5-9695 grms. barium chloride are
fcsolved in 900 c.c. of water, and, 20 c.e. con-
centrated hydrochloric aoid having been added,
Ile ivhole is made up to a litre. 20 c.c. of
this solution are équivalent to 2 grms. K2SO(
per litre when 20 c.c. of the wine are employed.
II, on the addition of 20 c.c. barium solution to
iO c.c. of wine, the whole of the sulphate is not
precipitated, then the wine is to be rejected
|.Jay, B. C. 1881, 574; C. J. Abst. 1882, 96).

E. Houdard (Bl. [2] 36, 546) has devised the

IMlowing method. The apparatus required con¬sista of ten test-tubes, in two rows of five each,
125 c.c. pipette graduated in 5 c.c., and a
burette graduated in five divisions in sueh a
way tbat each division is 0-5 c.c. larger than
Ile preceding one. 5 c.c. of the wine to be

i tested are run from the pipette into each of the
I frst row of test tubes, and Marty's standard

solution (10 c.c. - 0-1 grm. potassium sulphate)
is then added in such a way that a quantity

j lorresponding to the first division (0-5 c.c.) is
added to the first tube, a quantity corresponding
lo the second division (1-0 c.e.) to the second
lobe, and so on. Boil ; filter the contents of
each tube into the corresponding tube of the
second row, and then add a drop of the standard
solution to each tube, and observe in which a
slight turbidity is produeed. If a turbidity is
produced, for example, in tube No. 2, but not in
Ko. 3, then the wine containsmore than 2 grms.
potassium sulphate per litre but less than 3
pus. "With practice, the amount of sulphate
may be rapidly estimated to within 0-25 grm.
per litre (C. J. Abst. 1882, 425).
Iluantities and value of the imports of wine into

this country during the year ending Decem-
kr 31,1891.

Country Quantity Value

Gallons £
France 6,118,398 3,253,491
Portnga-1 . 4,326,121 1,275,678
Spain 4,067,761 862,051
Germany . 567,129 71,664
Italy 528,665 100,123
Holland . 424,725 254,095
Australasia 381,731 71,361
Madeira . 81,700 31,412
British South Africa 12,935 4,224
Other countries 272,873 71,034

Total 16,782,038 5,995,133

Vol. 111.-2"

WINE GUM v. Gums.
WOAD (Fr. Voiïéde, Pastel-, Ger. Waid).
This commercial product is a dark clay-like

préparation made from the leaves of the woad-
plant, Isatis tinctoria, an erect, herbaceous,
biennial plant, belonging to the Cruciferœ,
bearing yellow flowers, small fiât elliptical pods,
and large smooth lanceolate or spathulate
leaves.

The term ' woad ' is derived from the
Saxon ' wad,' which it has been suggested is
derived from Woden, the Saxon God of War.
It is synonymous with the Gallic glastum,
with which, according to Pliny, the ancient
Britons dyed their skin blue, in time of war
and in connection with certain religious ob¬
servances.

The plant is a native of Southern Europe,
and from very early times it has been employed
in dyeing blue, for which purpose, previous to
the introduction of indigo from India, it was
largely cultivated in various parts of Europe—
e.g. Thuringia, Languedoc, Piedmont, &c. Its
eult.ivation has now declined to such a con¬

sidérable extent that in many districts where
it used to be carried on extensively it is entirely
extinct.

In tbis country, woad is now only grown, to
comparatively limited extent, in the fen lands of
Lincolnshire and Huntingdon. Tbe seed is
sown in the early spring, Mareh, or April, and,
the young plants having been duly thinned and
weeded, the leaves are ready for the first pluck-
ing in June, which, at intervais of five or six
weeks, is repeated once or twice, or as often as
fresh leaves shoot up.

The newly-gathered leaves are at once<
crushed or ground in edge-runner mills to a pulp,
which is then placed in small heaps to drain,,
till sufficiently dry to cohere and be submitted
to the ' balling ' proeess. This consists in work-
ing the pasty mass by hand into halls, four to
six inches in diameter. These are at once

spread out on wicker-work trays or ' fleaks,' and
thoroughly dried in well-ventilated sheds. The
halls are stored in a dry airy place till the whole
erop has been gathered, and are then submitted
to the so-called ' couching '—i.e. a fermentation
proeess. For this purpose the halls are ground
to a coarse powder, which is spread on the floor
of the couching-house to a depth of two or three
feet, and there reduced again to the consisteney
of a paste by fréquent sprinkling with water
and turning over with shovels. During this
proeess, which lasts from twenty to forty days,
the mass becomes heated and abundant offen¬
sive odours are given off. The opération needs
to be conducted with some care and skill, so
that the fermentation is neither so slow that a
' heavy ' product is obtained, nor so rapid as to
give one which is ' foxy.' When the fermenta¬
tion has subsided, and the stifï, pasty mass is
sufficiently cooled, it is packed in casks ready
for the market.

It has been calculated that nine parts by
weight of woad-leaves yield one part of the pre-
pared product, and that this may contain at
most 2 p.c. indigotin. Many samples of woad,
however, contain little or no indigo.

Although woad was formerly used for the
indigo contained in it and generated from the

3 U
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indican in the living plant during the couching
process alluded to, it is at présent only employed
for the purpose of exciting fermentation in the
indigo-vat ordinarily nsed by the woollen dyer,
which is therefore termedthe ' woad-vat.'

Spurious woad is sometimes prepared from
the leaves of the rhubarb, cabbage, &c., but ail
sueh is acoounted a very inferior ferment as
compared with the true woad.

For employment of woad, v. Indigo.
Literature.—Chevreul, J. Ph. 1808, 66, 369 ;

1817, 350 ; A. Ch. 68, 284 ; Gilbert, Ann. 41,
245 ; 42, 315; Tromsdorff,'J. Ph. 19, 93 ; Paris,
Mus. Hist. Nat. Ann. 18, 251. J. J. H.

WOCHENITE v. Aluminium:.
WOHLERITE v. Cerium metals.

WOLFRAM, WOLFRAMINE, WOLFRAM-
ITE, WOLFRAM OCHRE v. Tungsten.

WOLLASTONITE v. Calcium.
WOODBURYTYPE v. Photography.
WOOD GUM v. Gums.
WOOD APPLE GUM v. Gums.
WOOD NAPHTHA v. Wood, destructive

distillation oe.

WOOD OIL or GURGUN v. Oleo-resins.
WOOD'S ALLOY v. Tin.
WOODY NIGHTSHADE v. Dulcamaea.
WONGSHY or WONGSKY. The Chinese

name for the pods of Gardénia grandiflora,
whieh eontain large quantities of crocin from
saffron. Dyes silks and wool a fine yellow
without mordants; cotton must first be mor-
danted, best with tin. The colour of wongsky
resembles that of annatto.

WOOD, DESTRUCTIVE DISTILLATION OF.
In the sélection of a wood for distillation regard

must be paid to the âge, hardness, percentage ol
moisture, as well as to considérations arising
from the kind of wood employed and the part
of the tree from which it has been eut. • Old
wood is darker than young, and after the moi
is felled it grows also gradually darker on keep-
ing, and wood is, as a rule, best if felled in the
winter and allowed to season during the follow-
ing summer before it is used for charcoal-
burning or for distillation. Amongst huri
woods are usually classed oak, elm, beech, mi
chestnut; the soft woods include pine, fir,
poplar, lime, and willow ; whilst the birch,
maple, ash, larch, and aider occupy an inter-
mediate position in this respect.

The spécifie gravity of a wood varies con.
siderably, according to the âge of the tree, the
climate, and position in which it grows, the
season of the year at which it is eut, and the
part of the trunk selected. Nôrdlinger (Die
techn. Eigenschaft d. Holzer, Stuttgart, 1860)
gives the following data :

Beech of 40 years' growth 0-770 sp.gr.
„ 13 „ 0-677 „

„ 10 „ 0-412 „

5| „ 0-368 „

In the aecompanying table are given :
(1) The average sp.gr. (Karmarsch, Handb.

d. mechan. Technologie) of fresh and dried
wood (la) (16).

(2) The percentage amount of moistuie in
fresh-eut wood (Schùbler a. Harting, J. pr.
7, 35).

(3) The percentage composition of the
organic portion of the différent woods.

— la. 15 2

3

Carbon Hydrogen Oïygen and
Nitrogea

Oak 0-973 0-785 35-4 50-0 6-1 43-9
Elm 0-909 0-619 44-5 50-2 6-4 43-4
Beech 0-980 0-721 39-7 49-5 6-1 44-4
Hornbeam 1-038 0-759 18-6 48-5 6-2 45-3
Chestnut. — 38-2 — — _

Birch 0-919 0-664 30-8 49-6 6-3 44-1
Planetree 0-893 0-681 27-0 49-8 6-3 43-9
Ash 0-852 0-692 28-7 —

Larch 0-809 0-519 48-6 50-1 6-3 ;
Aider 0-901 0-551 41-6 49-1 6-1 44-8
Pine 0-908 0-613 39-7 50-7 6-2 43-1
Fir ... 0-894 0-600 37-1 50-9 6-3 42-8
Poplar . 0-857 0-472 51-8 49-7 6-3 44-0
Lime 0-794 0-522 47-1 49-4 6-9 43-7
Willow . 0-785 0-461 26-0 50-6 6-3 43-1

The amount of moisture is in général greater
in soft than in hard woods, and this is clearly
indicated by the numbers in the third column ;
it varies, of course, according to whether the
wood is eut in the spring of the year or the
autumn.

The ash left on combustion of wood may
amount to as much as 5 p.c. of the weight of
wood burnt, or fall as low as £ p.c. ; a little over
1 p.c. is about the average.

This ash contains potash, soda, lime, and
magnesia in large quantities, chiefly in combi-

nation with carbonic acid, phosphoric acid, or
sulphuric acid ; also in smaller quantity man¬
ganèse, iron, potassium chloride and silica.

If wood is directly extracted with water, there
are dissolved out chiefly tannin, resins, and
colouring matters, the cellular portion remain-
ing varying according to the species of wod
from which it has been obtained and tbe method
of treatment to which it has been subjected.
Essentially, the tissue may be looked upon as
consisting of cellulose and a harder incrusting
médium lignin.
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General phenomena of distillation, of wood.
The dry distillation of wood commences at
100° to 130°C., the first produets of distillation
consisting almost entirely of water.

In ordinary distillation the température is
allowed to rise gradually to 500° and then pyro-
ligneous acid, wood spirit, &a., and unconden-
sible gases pass over ; charcoal, some tar, and
SQch non-volatile matters remaining behind in
the retort. In the case of the distillation of
wood in heaps (meilers) most of the produets
ire wasted, whilst when the distillation is con-
ducted in iron or brick ovens they can be re-
covered. The wood of trees of the conifer order
yields more wood-tar and less pyroligneous acid
than other kinds.

Somereeent experiments carried out by A.
Jakowleff (D. P. J. 264, 88, 128) give the fol-
lowing results as to the percentage of acetic
acid yielded by différent woods :—

The produets of distillation may be elassified
as follows :—

(1) Non-volatile residue—Charcoal (ash).
(2) Volatile distillate.
(s) Gmdensible—Water, pyroligneous acid,

propionio acid, acetone, wood spirit, tar oils,
tar, benzene phenol-guaiaeol, cresol-phlorol,
creosote, naphthalene, and paraffin.

(i) Uncondensible—Carbon monoxide, car¬
ton dioxide, hydrogen, methane, ethane, acetyl-
ene, &a.

The wood tar and tar oils contain, amongst
other produets, iridol, citriol, rubidol, eoridol,
benzidol, benzene, toluene, xylene, cumene,
«pion, creosote, mesite, xylite, paraffin, naph¬
thalene, chrysene, pyrene, retene, pittacal, colo-
phony, and resins.

Linden ..... 10-20
Birch 9-41
Aspen 8'21
Oak 8-08
Pine ...... 5-89
Fir 5-16
Birch bark 2-29
Cellulose, from birch . . 6*21
Cellulose, from pine . . . 5-07

These numbers support the common opinion
that conifers give a smaller yield of acetio acid
than other woods. They also indicate that
lignin is very productive, and that hard woods
should be better than soft, although an excep¬
tion to this occurs in the case of linden. Senff

(B. 18, 60), from experiments of a more ex¬
haustive eharacter, draws similar conclusions.
His results (somewhat abbreviated) are stated in
the following table :—

The relative quality and quantity of these
produets dépend also very largely on the tempéra¬
ture at which the distillation is conducted and
the time occupied in the proeess.

At high températures more and more of the
gaseous produets are obtained, and less of the
condensible produets. If the distillation is
allowed to proeeed slowly, and with a graduai
rise of température, the yield of carbon is greater
(amounting to 24 to 30 p.c. as against 16 p.c.),
but that of the volatile produets is smaller than
when the température is allowed to rise rapidly.
This is due to the volatile produets being in the
latter case carried over rapidly and out of the
reach of the dissociating influence of heat,
whereas with a slow distillation they remain
longer in the hot retort and are in part trans-

3 u 2

Total dis¬
An- TJncon-

Specimen of wood, calculated
Tar Pyroligneous acid liydrous Charcoal densed

gas» tillate free acid
for 100 kilos kilos kilos

kilos kilos p.c. acid kilos kilos

Carpinus Betulus—trunk { a

b
52-40
48-52

4-75
5-55

47-65
42-97

13-50
12-18

6-43
5-23

25-37
20-47

22-23
31-01

Bhamnus Frangula — young 1 a 52-79 7-58 45-21 13-88 6-05 26-50 .20-71
trunks without bark . . . / b 45-38 5-15 40-23 11-16 4-49 22-53 32-09

Abus glutinosa—trunk with¬ 1 a 50-53 6-39 44-14 13-08 5-77 31-56 17-91
out bark / b 47-76 7-06 40-70 10-14 4-13 21-11 31-13

Betula alba—trunk . . .

I a 51-05 5-46 45-59 12-36 5-63 29-24 19-71
» b 42-98 3-21 39-74 11-16 4-43 21-46 35-56

Sorbus Aucuparia—trunk .
/
l

a

b
51-54
46-40

7-43
6-41

44-11
39-99

12-60
10-41

5-56
4-16

27-84
20-20

20-62
30-34

Fagus silvatica—trunk . .
1
1

a 51-65 5-85 45-80 11-37 5-21 26-69 21-66
b 44-35 4-90 39-45 9-78 3-86 21-90 33-75

Fagus silvatica—branches . !
{

a

b
49-89
43-14

4-81
2-90

45-08
40-24

11-40
10-89

5-14
4-38

26-19
21-30

23-92
35-56

Populus tremula—trunk .

a

b
47-44
46-36

6-90
6-91

40-54
39-45

12-57
11-04

5-10
4-36

25-47
21-33

27-09
32-31

Quercus robur—trunk . . {
{

a

b
48-15
45-24

3-70
3-20

44-45
42-04

9-18
8-19

4-08
3-44

34-68
27-73

17-17
27-03

Pinus Abies—trunk . . . b
45-37
51-75

4-42
9-77

40-95
41-98

6-66
5-70

2-73
2-39

30-27
24-18

24-36
24-07

Pinns.Abies—branches . .

r
\

at
b

46-34
43-85

8-13
5-44

38-21
38-41

5-82
4-20

2-22
1-61

•25-55
23-35

28-11
32-80

Pinus Larix—trunk . . .

r a 51-61 9-30 42-31 6-36 2-69 26-74 21-65

l b 43-77 5-58 38-19 5-40 2-06 24-06 32-17

® (a) Slow distillation. (6) Quick distillation. f Not completely charred.
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formed into carbon monoxide, carbon dioxide,
hydrogen, &c.

Under rapid heating, however, some of tbe
tar is, as Pettenkofer observed, converted into
hydrocarbons of tbe ethylene and aoetylene
sériés, and tke resulting gases are no longer non-
luminous.

Squibb, from experienee in wood distilling
in the United States, considers it not neeessary
to carbonise the wood, and finds that ail the acetio
acid can be got by heating at 160°C. to 200°C.
with the production of little or no acetone. He
uses retorts 20 feet long, 2 feet wide, and 10 feet
deep, and heats by hot air. In the first 12 hours
only water cornes over, and in 24 hours the
acetic acid begins to appear ; the whole distilla¬
tion extends over 6 to 7 days for eaeh retort.
When the heating is oontinued too long, smoke
is given oiï and carbonisation of the wood sets
in at the middle of the upper surface of the
wood, extending downwards in a V-shape. The
residue is an excellent fuel. From one cord of

wood he obtains 1,200-1,400 pounds of liquid
products, and in the case of oak 60-70 pounds
of glacial acetic acid are contained in this.

Air-dried wood contains only some 40 p.c. ot
combustible matter, and completely dried 50 p.c.
if we deduct the oxygen and its équivalent of
hydrogen présent in the wood. It foîlows, there-
fore, that very high températures cannot te
attained by the combustion of wood, where so
mueh heat is used up in the volatilisation of this
water and other matters.

Where high températures are desired, the
volatile constituents must therefore be previ-
ously got rid of in a separate opération. For
this purpose the wood is charred by starting its
combustion and then allowing only such a
limited access of air that the combustion pro-
ceeds very slowly, and the heat generated is
suflicient to drive off these volatile constituents.
On the large scale this is done by stacking the
wood together in a spécial manner in pits or in
heaps (v. Charcoal, art. Carbon).

Fia. 1.

Distillation with recovery of products. Even
where the volatile products of the distillation
of wood are of primary, and the charcoal of
secondary, importance, or of no market value,
it is frequently the practice, at any rate in this
country, to work up only a portion of the pro¬
ducts, eonsisting of pyroligneous acid. The dis¬
tillation of wood in mass is usually carried on in
the neighbourhood of the source of supply, and
the principal centre for this branch of the in-
dustry in this country is South Wales. It is
carried out on a mueh larger scale in Eussia,
France, Germany, Austria, and in the United
States. So far as the production of pyroligneous
acid is concerned, the chief centres are situated
in Yorkshire, Lancashire (chiefly spent wood),
Gloucester, Derby, Somerset, and the vicinity of
Glasgow and London.

In towns it is confined almost entirely to the
spent woods (fustie, logwood, &c.) which can be
had on the spot. In the former case the wood,
eut into convenient lengths, is plaeed in cylin-
drical or oblong chambers of wrought or

cast-iron, and heated externally, or in ovens
with internai heating. Usually the cylinders,
which are mueh used in France, are of strong
iron-plate, 6 to 10 feet long, and from 3 to 4 feet
in diameter. They are plaeed horizontally, li'
the retorts used in the manufacture of eoal-gas,
or are let down vertically into specially-co
structed furnaces, in which they are heate
In this method of distillation at l*ast two retorts
are required for each furnace, one being her
whilst the other is being emptied and re-charged.
and in this way considérable economy is efïei
in the working. As shown in fig. 1, the retorts
are closed at one end andfitted at the other with
a lid secured by a cross-bar. The volatile pro¬
ducts pass off by a side-tube at the furtherend
of the cylinder. Over the ovens are dry
chambers or floors, on which is spread the
acetate of lime, the production of which is de-
scribed later. By this arrangement the waste
heat from the distillation process is utilised for
the drying-chambers, with the further advant
that the gases pass away at the ckimney at s
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Eig. 4.

œoderate température. A further saving may
be effeeted if the incondensible gases from the
retorts are condueted through the fire and burnt,
though in this case they should be previously
passed through lime sorubbera. When the wood
issmall or of médium growth, the cylinder-oven
ma; be advantageously replaced, as it is in South
Wales, by square ovens, into which the wood is
introduced in iron waggons (fig. 2) and the char-

tube a b to the condensers arranged in a vertical
plane. The convolutions of the condenser are
slightly inclined to the horizontal so that the
liquid matters may pass downward and flow off
into the acid well at e, whilst at d is seen a side
tube by which the uncondensable products are
carried away to the fire and burnt under the
■retort. Each limb of the condenser is surrounded

Fig. 2.

coal withdrawn without the breakage which is
unavoidable in other methods of drawing the
retorts.

Tbere are numerous advantages in this
form of oven, and its only serious drawbacks
are the liability to leakage through warping,
and the diffieulty of closing gas-tight. With
this form of apparatus the moisture is first
driven over at a gentle heat, and the condensers
are then connected up and the distillation proper
commences. The disposition of the retort and
condenser is shown helow (fig. 3). a is the
retort in which the distillation is performed, the
volatile products being carried olï by the side

by a water-jacket, the cold water from the cis-
tern c entering at the lowest point near d, and
running off at the highest point near b. In many
Works, however, such an arrangement of con¬
densers is inconvénient, and in any case no
sufficient range of pipes by which atmospheric
condensation alone can be used is practicable.
It is, indeed, most convenient in many cases to
arrange the condensers underground.

The condensers may be conveniently made
so that at each bend there is a flange which can
be readily removed for cleaning or in case of
stoppage, and the condensers may be simply

inclosed in a water tank. The accompanying
figure shows another arrangement in common
use in which the products pass directly from the
ovens into the length of pipe a, from whence they
must pass along the narrower copper pipes B o,
the tank containing the pipes being filled with
cold water.

The yield of crude acetic acid with such
retorts amounts to about 33 p.c. of the dried
wood used, the charcoal being from 20-25 p.c.,
and the wood-tar 10 p.c., depending on the
character of the wood. The process is especially

suitable where the works are on a moderate scale,
but is not economical for large works, though
by having a sériés of retorts the working can be
made continuous, and the fuel for heatingis thus
redueed to a minimum. In the case of retorts

arranged horizontally (Chamotte retorts), spécial
précautions must be taken against leakage, which
is very liable to occur if the heating is carried
out too rapidly. The distillation should occupy
six to nine hours.

In Bussia a somewhat similar form of plant
is used, steam being blown through the cylinder
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at the commencement of the opération in order
to heat up the wood more rapidly.

Turpentine and water form a large portion
of the first distillate, and a rich acetic acid
suceeeds this. A more massive form is the
Reichenbach oven. This is square (fig. 5), with
double walls, the inner one being composed of
refractory material, and the outer of ordinary
brick. The space between these walls (about
a foot wide) is packed with sand.

By means of the iron tubes within the retort
the heat is brought into intimate contact with
the wood. The volatile products are carried off
by side tubes two feet in diameter, passing away
from the sole of the furnaee to the condensers.

The Reichenbach oven is, however, said to
be wasteful and expensive in working, and hence
has almost fallen iuto disuse.

The Schwarz oven does not essentially differ
in character from the Reichenbach oven, though

Fia. 5.

it is more carefully arranged for condensation
and régulation of the température of carboni¬
sation, and, indeed, charcoal of the best and
most constant character is obtained from this
furnaee.

The Hahnemann retort (fig. 6) consists of a
vertical tower 16 feet high and 8 feet wide, down
the centre of which runs a wrought-iron tube,
1 to 11 feet wide, serving the purpose of a ehim-
ney. The hearth is raised in the centre, and,
after the wood is filled in, the top of the tower
is closed with an iron lid and luted.

The vapours pass through perforations in
the base of the central pipe, and the liquid pro¬
ducts flowing to the edge of the raised hearth
are carried off by a tube inserted in the base of
the carbonising chamber. There is a side flue
which is built up during the distillation, but
opened when the contents of the oven are cool,
for the purpose of withdrawing the charcoal.
This retort gives a good yield of charcoal and of
volatile products. Water is used for extinguish-

ing and cooling the charcoal, and this prodnct
is, therefore, not a first-class quality. Much loss
also occurs from exposure to the air which is
necessary at intervais during the working of the
charge.

The distillation process also proceeds very
slowly, and,partly in conséquence of the character
of the structure, partly because of the cooling by
water, the wear and tear in the oven is very
great. It will not be necessary to describe the
Swedish oven, as it differs in no essential par-
ticular from the form just described, except that
there is no central chimney, and the carbonising
chamber is shallower. The disadvantage is
that unless the air supply is very care¬
fully regulated to a minimum the process be-
cornes a very wasteful one, since much of the
charcoal and even of the products of distillation
undergo oxidation. Stolze found that the pro¬
ducts of distillation, per 100 parts of wood, with
this form of retort, under the most favourable
conditions, were

— Charcoal
Gaseous
products Tar

Crude pyro-
ligneous acid

Pure
acetic acid

Birch
Betula alba

■ • 22-4 220 8-6 45-0 4-47

Beech
Fagus silvatica }. . .

24'6 21-8 9-5 440 4-29

Oak
Quercus robur

r . . .

J
26-2 21-7 9T 430 3-88

Juniper J
Juniperus communis /

22-7 20-8 10-7 45-8 2-34

Fir
Pinus Abies J '

21-2 23'9 13-7 41-2 2-16

Pine
Pinus silvestris

l
J

21-5 24-3 11-8 42-4 2-14
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tlie section, fig. 9), fîtted on to an endless chain,
the rate of which is also regulated.

The wood being introduced at the end near-

est the chimney, is gently heated, the tempéra¬
ture to which it is exposed inereasing as it
advances along the bed of the ehamber. By the

with it must be expelled. A convenient plant
for dealing with spent woods is that patented by
Halliday (fig. 7), in whieh the spent wood is fed
at one end into a horizontal distillation ehamber
through a vertical tube, by means of an endless
screw, and then slowly earried by a second screw
at riglit angles to this, through the distillation
ehamber. The volatile products escape through
an ascending flue, whilst the charcoal drops
through at the extreme end of the ehamber into
water. A modification of Halliday's patent by
Bowers bas also corne into use. In this there
are two chambers of rectangular section side by
side, the one being the drying ehamber and the
other the earbonising ehamber. The carbonising
ehamber is heated from below by a furnace ar-
ranged as shown (fig. 8), whilst the drying
ehamber receives the heat from the furnace gases
passing along the flue underneath it to the
chimney. The spent wood is passed through
fluted rollers and introduced on to the bed of the
drying ehamber by a hopper, the supply being
regulated by a pair of rollers at the base of the
hopper. Here it is spread out and earried along
by transverse iron bars or scrapers (shown in

Distillation of spent woods. In this case
the wood is already in a state of tolerably fine

Fin. 6.

division, but before it is distilled, the moisture
and various volatile foreign matters associated
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time it tas passed through the drying chamber,
the wood is almost perfectly free from adhèrent
moisture, and it is now introduced by means of a
hopper (d) into the second chamber, the arrange¬
ment of which is similar to the first, except that

flues are provided for carrying off the volatile
products to the condensers, as shown at e o.
In this chamber the température is sufficiently
high to expel the whole of the volatile matters,
and there is discharged, a-t the end near the fur-

Fio. 8.

nace, the residual eharcoal, which is run into a
box and removed at intervais. Such a plant
will run continuously with little attention, and
can be very economically worlted in districts
where a ready supply of spent wood is at hand.
The charcoal obtained is often a drug on the
hands of the distiller. It is, however, now

largely used for packing the meat refrigerators
in ships. The distillate obtained is of a more
complex character than that from fresh wood,
and is more difficult to work up, especially if it
is sought to recover other products than the
pyroligneous acid.

Distillation by steam. This method was

Fig.

first applied on a large scale by Violett, for ob-
taining charcoal of a constant character which
will ignite readily, such a product being espe¬
cially adapted for the manufacture of gun-
powder. The apparatus consists of two con-
centric wrought-iron cylinders, the steam being
admitted into the space between the cylinders.

. 9.

The black aider used for this spécial kind of
charcoal is introduced into the inner cylinder,
which is then closed air-tight, and the heating
is continued so long as empyreumatic vapours
corne over. The yield of charcoal amounts to
about 30 p.c. of the air-dried wood.

Some forms of apparatus are, however, in
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use where steam is admitted directly to the car-
bonising chamber, and the distillation performed
in this way. Ail such proeesses, however, render
condensation very difficult, and the pyroligneous
acid obtained is much more dilute, of course,
than that from dry distillation. The process of
distillation of such a productfor acetic acid is also
more difficult, and Steedman has proposed the
use of paraffin or some similar substance in such
a case. The impure acid is passed into a rect-
angular copper vessel divided by partitions
slightly inclined from the horizontal, and at-
tached at one end of the vessel, a free space
being left at the other.

The gases, being introduced at the bottom of
the tank, travel along the underside of these
partitions in turn, finally passing out at thé sur¬
face. The paraffin is heated by means of a
steam jacket or coil, to a température a little
higher than that at which the acid condenses.
Most of the resinous matters and impurities
■which are most difficult to separate in the ordi-
nary process of purification are retained, but the
outlay on the purifying agent is a large one, and
the recovery of the paraffin is difficult. The
method is therefore open to objection, and a
simple and direct method of purifying the dilute
crude acid is still a desideratum. The crude
liquors are allowed to stand twenty-four hours, so
that the tarry matters may separate out. If they
can then be run off and subjected to a second

agitation and settling, so much the better. They
are now subjected to distillation in copper or
cast-iron stills under the action of direct heat,
or by steam-eoils at 20 to 30 lbs. pressure ; the
spirit ' passes over first and is collected in a
separate receiver from the acid. The tarry
residue is distilled to a pttchy consistency and
then a fresh charge introduced ; the tar is only
run off when it has aecumulated to the depth of
about 2 feet, which occurs after ten to ■ twelve
charges liave been worked off. The tar is then
tapped whilst still hot.

The better classes of acetic acid used in the

1 Sometimes both are collected together and the spirit
not distilled off until after neutralisation of the acid with
lime. In tliis case the spirit is less contaminated with
tarry oil3.

arts are obtained by redistillation of certain
acetates with minéral acids.

Acetate of soda is largely used for this pur-
pose, though limeorlead salts may be employed.
The acetate (100 parts) is introduced into a
copper still (figs. 10 and 11) along with sulphuric
acid diluted with three times its amount of water

(G0 parts) and mixed with pyrolusite (5 parts),
this being added to prevent the formation of
sulphurous acid during the process of distilla¬
tion. The distillate is condensed by passing
through an earthenware worm, the receiver
being changed when empyreumatic vapours
begin to corne over. The part which now passes
over is subjected to a second distillation and
then contains about 35 p.c. of anhydrous acetic
acid.

If the distillate is not quite colourless it may
be treated with animal charcoal or beechwood
shavings. If glacial acetic acid is wanted it is
necessary to redistil over fused calcium chloride,
the distillation being repeated till the whole of
the acid crystallises below 15°C.

The sulphate of soda left in the still can be
disposed of to the alkali-maker. The ordinary
brown acetate of lime distilled in the same way
gives a very concentrated acid if the impurities
whieh pass over rvith the first fraction are re-
moved by a further distillation with sodium
bicarbonate, though no practicable process is
known for obtaining pure acid in this way.
Hydrochlorie acid is used in place of sulphuric
in order to avoid the formation of sulphate of
lime, which is very objectionable for the still.

A concentrated and pure acetic acid is ob¬
tained by the dry distillation of acetate of copper
in glass or earthenware retorts ; the product
mixed with certain essences constitutes what is
known as aromatic vinegar or the vinaigre des
guatre voleurs.

By Condy's process, which has been adopted
at NeWcastle-on-Tyne for the production of acetic
acid from the brown acetate of lime, crystals of
calcium acetochloride (CaCl2.Ca(C2H.,O.2)!..10H2O)
are prepared by mixing solutions of calcium
chloride and calcium acetate, and this product
is finally distilled with minéral acid in the ordi¬
nary manner.
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The acetates. The aeetic aeid obtained by
these processes retains traces of the crude pyro-
ligneous acid, winch give it a eharacteristic
odour and slight colouration. If desired, these
impurities may be removed by redistillation in
glass vessels after the addition of 0'5 to 1 p.c.
of bichromate of potash. In addition to the
methods of distillation and of réfrigération, &c.
(v. Acetic acid), glacial acetic acid may be
obtained by adding strong acetic acid to acetate
of potash sufïicient to convert it into the acid
sait. This is then warmed in a tubulated re¬

tort ; the weaker aeid passes over first, and when
the thermometer rises to near 300°C. the receiver
should be changed, and the glacial acid passes
over.

The température should not be allowedto rise
above 300°C.

The acetates, which are usually prepared on
the large scale from pyroligneous acid for use in
the arts, are :—

Acetates of alumina (red liquor),
„ iron (black liquor and iron liquor),
„ lead (sugar of lead),
„ lime (grey and brown acetates),
„ soda,

and also on a smaller scale the acetates of tin,
copper, and zinc.

Red liquor. This is made by the addition of
acetate of lime or lead to sulphate of alumina
or alum. The advantages of acetate of lead
over acetate of lime are :—

(a) The acetate of lead is less variable in
composition.

(b) The sulphate of lead precipitated is less
bulky and the mordant more easily washed out,
giving less loss and a smaller quantity of weak
liquors to be worked up. In any case it is
désirable that the lime salts used should be as

pure as possible, and ail the ingrédients must be
free from iron or copper, which actmost prejudi-
cially in the mordanting process.

The stability of the liquors is not great, and
henee they ought to be used as soon as possible
after their production. A mordant which gives
good results with alizarine colours may be pre¬
pared by dissolving freshly precipitated alum in
acetic acid.

Acetate of lime. This product is manufac-
tured in three forms :—

(a) Brown acetate (60-70 p.c. acetate) ;
(6) grey acetate (80-85 p.c. acetate) ; lime liquor,
containing about 10 to 15 p.c. of acetate of lime
along with 7 or 8 p.c. of impurities, such as
sodium and calcium chlorides and tarry residues,
the rest being water.

Naphthas. In the préparation both of the
grey and brown acetate, naphtha is recovered—
that from the brown acetate being the miscible
wood naphtha, and that from the grey acetate
the solvent naphtha. The former is run over
into a cast-iron pan, redistilled and condensed
in a copper worm, the distillation being re-
peated in copper stills, preferably with steam-
jackets or steam-coil, till it reaches 60° over
proof.

The solvent naphtha is usually only worked
up to from 30° to 45° over proof, and is used for
dissolving resins and gums.

Wood spirit. On neutralising with lime and
distilling, the first part of the distillate consists

of naphtha, and this should be collected until a
sp.gr. of 0'99 to 1-00 is indicated. At this sp.gr.,
or when a sample thrown on hot cinders (the
rough commercial test) no longer inflames,
the receiver is changed, and the acetic acid col¬
lected. The first distillate is dark brown in
colour, and has a strong odour of wood oils, &c.
It contains in addition to methyl alcohol, methyl
acetate, dimethyl acetate, acetone, ammonium
acetate, aminés, and tarry matters. If distilled
over lime some of these impurities are retained
by the lime, whilst others are decomposed.
Such a process, however, does not get rid of
ammonia or volatile alkaloids, which are often
présent in some quantity. These may be best
removed by distilling the crude wood spirit
alone, or better if 2 to 3 p.c. of sulphuric acid
be previously added to it. Benzol or other
hydrocarbons may be washed out with water,
when they rise to the surface in a layerfrom
which the spirit can be run off by means of a
separating funnel.

In such distillations the liming mustbecare-
fully managed, since.if underlimed, the rivets and
joints of the still are attacked and leakage is
sure to ensue sooner or later, whereas, if over-
limed, a tough sediment may be deposited, and
the liquor tends to prime over into the con¬
denser. The weak naphtha distillate from the
' wash boiler ' or No. 1 still is concentrated by
passing through a sériés of stills (generally
four) diminishing in capacity. In case of over-
liming also, ammonia cornes over and the con¬
denser or stills are attacked if they are of
copper. In this case it is best to use wrought
iron or cast iron for the first one or two stills
(Morgan, S. C. I. 1885, 730). The wood spirit is
now treated with calcium chloride, with which
the methyl alcohol enters into combination.
The eompound so formed is not decomposed,
even at 100°C., and the remaining impurities
are distilled off at this température, the methyl
alcohol being finally obtained by heating the cal¬
cium chloride eompound with water. The wood
spirit so obtained is largely used for methylating
spirit, and for this purpose must be at least 60 o.p.
(Sykes), and should give rise to no turbidity when
water is added to it. It is also used in varnish
and finish manufacture, and the fractions rich in
acetone are especially valuable for this purpose
since theydissolve gums more readily than the pure
spirit. It is also used in the production of aniline
colours. Fawsitt (S. C. I. 1885, 310) criticises
the System of estimating the value of wood spirit
by Sykes's hydrometer tables, not only because
of the variations (not great, however) between
the density of this spirit and of ethyl alcohol,
for which these tables were constructed, but
especially since good tables for methyl alcohol
are obtainable. Sykes's tables also run only as
high as 93 p.c., whereas methyl alcohol is sold of
a higher strength than this. In his opinion it
would be far préférable that the strengths should
be stated aceording to percentages, and not in
Sykes's formula.

Acetone occurs amongst the products of the
dry distillation of wood, and is formed also when
acetic acid is passed through a tube at a dull-
red heat. It can be rectified on a water bath
over quicklime till it shows the proper boiling-
point (55-G°C.). When calcium hydroxide or
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calcium chloride are added to a mixture of
acetone and water, the acetone separates, and, if
insufficient quantity,it forms a crystalline com-
pound with calcium chloride.

Methyl acetate is associated in tlie products
of distillation with wood spirit, and is obtained
from this body by treatment with finely-powdered
calcium hydrate. The crude acetate is freed
from resins and colouring matters by adding
alum, which throws down the lime as sulphate,
and also alumina, carrying these impurities with
tan.

It is then filtered through charcoal, and
dried by distillation over calcium chloride, which,
at the same time, removes any methyl ether
which is présent. Methyl acetate is a colourless
liquid of sp.gr. 0'9562, boiling at 50°C. and
miscible in ail proportions with water, alcohol,

and ether. It frequently eontains free acetic
acid.

Wood-tar. Wood-tar is a thick, dark-
coloured, viscous material, still acid from the
presence of some acetic and other acids, and
possessing a spécifie gravity of about 1-05 to
1-15. The acid is removed by neutralisation
with milk of lime, the soluble acetate of lime
being washed out and recovered, the residual tar
being then subjected to further treatment as-
described hereafter.

Tars obtained from différent centres of in-
dustry show considérable variations in colour
and in viseosity, and also in respect of the
amount of ethereal oils and resin which they
eontain.

The character of these variations is proxi-
mately indicated in the following table :

Acetic acid Light oils Heavy oils Pitch
Gas and loss by

distillation

'Meiler ' tar from South Aus-1
trian black fir, sp.gr. 1-075 /

'Meiler ' tar fromBohemian \
pine, sp.gr. 1-116 . .

Eetort tar from Salzburg,!
sp.gr. 1-18 . . . /

Tar from distillation process (
by superheated steam . /

20 parts

10 parts

10 parts

5 parts

10 parts
sp.gr. 0-966

5 parts
sp.gr. 0-977

10 parts
sp.gr. 1-012

20 parts
sp.gr. 0-920

15 parts
sp.gr. 1-014

15 parts
sp.gr. 1-021

15 parts
sp.gr. 1-022

25 parts1
sp.gr. 0-978

50 parts

65 parts

55 parts

30 parts

5 parts

5 parts

10 parts

5 parts

1 Also 15 parts of oil

The tar obtained by distillation from retorts
eontains less resins and creosote and more pa-
raffin tkan that from the distillation in heaps,
whilst the product of distillation by superheated
Bteam is characterised by a low pereentage of
pitch and a high yield of paraffin. Wood tar is
used for creosoting wood, for roofing felts, and
as an antiseptic.

The recovery of tar oils from wood-tar. For
this purpose the tar is subjected to distillation
in cast-iron or wrought-iron stills. For small
works the cast-iron stills are to be preferred to
the wrought iron, especially as they admit of
the distillation being carried further, and the
residue is more readily removed. The stills are
sometimes 12 to 15 feet in diameter and 10 to
12 feet high, and are of the form of an upright

• cylinder with a spherical head. They are fitted
inside with a stirrer, and carrying at its upper
part a grid which serves to break the surface of
the tar, and prevent its boiling over. A side tube
is provided for filling in the tar, and at the
bottom is also a tube for running off the residual
pitch at the end of the distillation. The whole
is inclosed in a jacket of stone so as to prevent
cocling by radiation as far as possible.

The heating is done with caution, and the
whole period occupied in the distillation is about
five or six hours on an average. After the water
lias been got rid of, there passes over an oil of
sp.gr. 0-96 or thereabouts, which turns slowly
brown on exposure to air. Then follows a heavier
oil of sp.gr. 1-014 and of a yellowish-green
colour. These oils constitute about 10 and 15
p.c. respectively of the whole. The light oil is
worked up in the following manner. It is re-
distilled from the brown resinous bodies, which
have formed by oxidation, the still used being

containing paraffins.

higher than that already described, so that only
the more volatile portions pass over. The dis-
tillate is treated with soda-lye to remove creosote.
and redistilled, this treatment being repeated
several times. Ultimately a mobile, colourless,.
highly refracting oil is obtained, which when
fractionated, passed over between 47°C. and
165°C., having a spécifie gravity of from 0-660-
to 0-985. The first portion resembles Reiehen-
bach's Eupion, and is almost as volatile as
ether, whilst the portion passing over at 60°C.,.
and having the sp.gr. 0-800, is similar in charac¬
ter to mesite. The oils distilling below 70°C.
seem to form a sériés resembling in some degree
the benzene hydrocarbons, and their nitro deri-
vatives can be reduced with iron filings and
transformed into colouring matters. Schweitzer
from crude-wood spirit obtained in a similar
way mesite, and also a fraction boiling at 61-5°,
sp.gr. 0-816, which he called Xylite. It ought
to be mentioned that wood-tar, however well it.
is settled, eontains about one-third of pyrolig-
neous acid, which is recovered by distillation,,
and worked up with other portions of this pro¬
duct.

Treatment of the heavy tar oils. Recovery
of creosote. Carbonate of soda is first added
for the purpose of neutralising any free acetic
acid which may be présent, and the oil is then
run off from the liquid and well shaken with.
soda-lye (sp.gr. 1-20).

The oil remaining is rectified, and this treat¬
ment with soda-lye and rectification repeated.
several times.

The lighter oil is finally collected separately
from the heavier, which eontains most of the-
paraffins.

This heavier oil is kept in a cool place till the
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paraffin crystallises out ; the residual oil after
the removal of the paraffin consists to a large
extent of Xylol, but contains also Eupion and
Kapnamor. The alkaline liquors which bave
been collecte! from time to time eontain the
■creosote, and this is separated again by neutral-
ising these liquors with sulphurio acid and sub-
.jected to fraetional distillation, the first and last
portions of the distillate being rejeeted. Any
.u,cid still remaining may be removed by treat¬
ment with carbonate of soda and traces of resin¬
ous matters by distillation with sulphuric acid
and bichromate of potash. The creosote so ob-
tained is a colourless, highly refracting oil, of
sp.gr. 1-04, boiling at 208°C. It is only slightly
soluble in water, but dissolves readily in ether
•or alcohol. Wood creosote differs in many of
its reactions from coal-tar creosote. On adding
to the latter (15 parts) collodion (10 parts) the
whole beeomes gelatinous, whereas wood creosote
gives a clear solution with collodion. Neutral
ferrie chloride gives a green colouration gradually
turning brown with wood creosote, phénol yield-
ing a purple colouration.

Reichenbach separates creosote from acetic
acid by shaking it with Glauber's sait, when a
brown oil separates on standing.

This is treated with potassium carbonate and
distilled with water, resinous matters are thrown
out and a clear yellowish oil passes over. This
is treated alternately several times with phos-
phoric acid and soda-lye; Eupion rises to the
surface. The creosote may be obtained by the
method stated above, viz. treatment of the
alkaline liquors with sulphuric acid and the
purification by washing and distillation is re-
peated until the soda-lye is not coloured. The
creosote obtained by Reichenbach boils at 203°,
and has the sp.gr. 1-037. It contains, however,
guaiaeol and creosol.

Becovery of Eupion. This product aceom-
panies the creosote and paraffin fractions, the
crude oil being treated with caustic potash to
remove the former, whilst the latter is separated
by repeated distillation. It is a pleasant smell-
ing colourless liquid of sp.gr. 0'740, boiling at
47°C., and volatilising slowly at 'ordinary tem¬
pératures. It is insoluble in water, and not
readily soluble in alcohol or ether ; it dissolves
resins to some extent, but on warming, caout¬
chouc dissolves freely in it.

Becovery of Tcapnainor. Only the oils which
are heavier than water are used for the prépara¬
tion of this product. These are shaken with
caustic potash solution of sp.gr. 1-20, and the
part which remains undissolved is put on one
side. The solution in alkali is boiled some time
and then treated with sulphuric acid. The oil
which separates isthenmade alkaline with potash

'

and distilled, the distillate being treated with a
somewhat weaker solution of potash and with
sulphuric acid repeatedly till no more of the oil
■separates out. The creosote is in this way re¬
moved and the oil residues- eontain the kap¬
namor. These are after further treatment with
potash dissolved cautiously in fuming sulphuric
acid, any oil which remains undissolved being
eupion. After standing some time this is diluted
with water, neutralised with ammonia, and dis¬
tilled. Ammonia liquor passes over first, and
then kapnamor combined with ammonium salts,

which it 1-etains with considérable avidity. This
part of the fraction is distilled with caustic
potash, and the oil, of sp.gr. 0-98 and boiling-
point 185°C., is collected. It can be rectified
over chloride of calcium. Kapnamor is a highly
refracting colourless liquid of agreeable odour,
which, when rubbed on the hands, reminds one
of ginger. Like the previous oils, it is inflam¬
mable. It dissolves freely in alcohol, ether,
turpentine, &c., and is a solvent for paraffin,
naphthalene, stearin, and for many resinous
substances. Like eupion it dissolves caoutchouc
if warmed, whilst in the cold it causes it to
swell up and only dissolves it very slowly.

Becovery of picamar. This body was also
first prepared from wood-tars by Reichenbach.
It separates out in crystals as a potash com-
pound from the alkaline liquors. The crystals
are treated with acid which separates the pica¬
mar, further purification being effected by dis¬
tillation. It is a colourless oil of sp.gr. 1-10,
boiling at 270°C. It is only slightly soluble in
water, but readily in alcohol, ether, and wood-
spirit. It dissolves resins, but not caoutchouc.

Products of less importance are cedrirct,
which is reeovered by distillation from a portion
of the alkaline extract neutralised with acetic
acid, and pittacal, which is separated out by the
addition of baryta. Por further détails a most
interesting contribution by Schorlemmer (History
of Creosote), Cedriret, and Pittacal (S.C. 1.1885,
152) may be eonsulted.

Becovery of the paraffine êc. When the
wood-tar residues are distilled further, the pro-
ducts obtained eonsist for the most part of chrys-
ene and pyrene. These bodies are separated
by treatment with ether in which only pyrene
dissolves. Ghrysene is a yellowish crystalline
substance which melts at 230° to 235°C., and
boils with partial décomposition. The compo¬
sition usually assigned to it is C,8H12; it occurs
also amongst the products of destructive distil¬
lation of coal.

Pyrene (CleH10) can be crystallised from
alcohol or ether. It melts at 170-180°C., and
can be distilled without décomposition.

Paraffin (C28H42). The crystals wbicb have
already been spoken of are separated from the
oil accompanying them by means of a centri-
fugal machine, and then subjected in cloths to
hydraulic pressure. The paraffin thus obtained
is treated with sulphuric acid, and then finally
washed well with water, any traces of acid still
retained being neutralised with alkali. To get
it quite clear the paraffin is melted with 2 p.c. of
stearin and saponified with caustic soda and
allowed to settle. The final stage of purification
may, if preferred, be carried out by washing
with benzene, pressing, and then exposing to
superheated steam. In this way the paraffin
obtained is of a fine character, though there is
more loss in paraffin than by the first method.

The paraffin obtained from wood-tar has the
sp.gr. 0-870, and melts at 44 C. It burns with
a wick, and is used for making candies. It is
very indiffèrent towards reagents, and is not
acted on by chlorine, by minerai aeids, or by
alkalis at the ordinafy température. It is in¬
soluble in water, and not freely in alcohol;
ether and ethereal oils, however, dissolve it
readily.
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The Resins. These oceur in smaller quan-
tity along with the heavy and light oils, but
(or the rnost part distil over after them. They
are readily soluble in alcohol and ether, and
readily form condensation products, taking up
oxygen.

Wood-pitch. The residue left in the still is
mixed, by means o£ the stirrer, with 20 p.c. of
colophony asphalt, or with 50 p.c. of coal-tar,
and sent into the market for use in shoe-
making.

Détermination of acetic acid in sodium acé¬
tate. Squibb recommends, for the purpose of de-
termining the acetic acid in sodium acetate, the
distillation of 10 grms. of the acetate in a glass
retort, with the addition of 20 e.c. of water and
10 e.c. H2SO,|. 15 c.c. are distilled over, and
then the distillation is interrupted and 20 c.c.
more water added to the residue. 10-15 c.c. are

now distilled over, and when this is again re-
peated the whole of the acetic acid will be found
in the distillate.

The valuation of brown and grey acétates of
lime. Two methods are in use : (a) The amount
of lime salts soluble in water is determined,
and the acetic acid calculated from this on the

assumption that ail the lime salts soluble in
water consist of calcium acetate. This is a

very crude method, sinee caustic lime is dis-
solved, and if the acetate has been overheated
(frequently the case) this is a factor that cannot
be overlooked.

Then, again, there may be présent lime salts
of other organic acids (especially in the case of
salts prepared from spent woods), though these
are liable to occur in smaller quantity, where
the better methods of manufacture now known
are employed. The better the sample of acetate
the less is the error which is likely to arise from
this rough method of analysis. The distillation
method, known in America as the English com¬
mercial test, is now largely used in place of
this.

(b) Methods based on distillation. For this
purpose, hydrochloric, sulphuric, or phosphoric
acid may be used.

(1) Hydrochloric acid is used. In this case
an error is liable to occur through the volatile

; hydrochloric acid being carried over with the
acetic acid, and for a correct estimation the
amount of this must be determined in the dis¬
tillate and deducted. The advantage of using
hydrochloric acid is that it does not aet on
organic matter which may be présent, and that,
as the calcium chloride formed is readily soluble,
the distillation can be carried to an extreme
limit with safety.

(2) Sulphuric acid is used. In the use of
this acid there are three disadvantages. The
acid concentrâtes in the retort as the distillation
proceeds, and acts on the organic matter présent,
giving rise to sulphurous acid, which is carried
over, and adds to the acidity of the distillate.
This may be avoided by distilling in a current of
steam (American Chemist, 6, 294). Secondly,
the calcium sulphate formed is very troublesome
and gives rise to bumping, though this also is
avoided if steam is used for distillation. Thirdly,
if chlorides of calcium or sodium be présent,
hydrochloric acid is carried over with the dis¬
tillate. The addition of silver sulphate before

the distillation commences, however, will over-
come this.

(3) Phosphoric acid is used. This is perhaps
the best and most reliable reagent to use in
such déterminations, the advantages being :—

(а) It does not aet on the organic matter.
(б) During the process of distillation the

bulle of the liquid is not allowed to fall below 15
c.c., and the sodium chloride or calcium chlor¬
ide that may be présent hence does not undergo
décomposition.

(c) It forms a clear solution with acetate of
lime, if at least five times the weight of glacial
phosphoric acid is used as of the acetate
taken.

The phosphate of lime dissolves up in this
excess, and there is no trouble from bumping.
Distillation by steam must be employed, and the
phosphoric acid should be previously tested for
the presence of volatile acids, such as nitrie,
which might distil over. The analyst should
also satisfy himself (molybdate test) that ne
phosphoric acid has been carried over. As indi-
cator, phenolphthalein is to be reeommended-
In any case, buying aceording to the acetic
acid estimation should be insisted on, instead of
the older and widely practised method of merely
determining the amount of sait soluble in water-

G. H. B.
W00D-CL0TH. Mitscherlieh has appliedthe

bisulphite process to wood for the production of
a fibre which can be spun. Thin boards, free
from knots, are eut into strips in the direction
parallel with the grain, and are then boiled with
a solution of sulphurous acid or alkaline bisul¬
phite. The wood after boiling is partially dried in
the open air or in drying-rooms, to strengthen the
fibre, which is originally very weak and tends to
break with the slightest strain, but on drying be-
comes comparatively strong, and does not résumé
its very breakable condition on the addition of
water. The damp masses on the frames are
transferred on a travelling endless cloth to a
pair of rollers, which may be plain or corrugated.
Cutting of the fibre by the corrugations is pre-
vented by passing the endless cloth over the
lower roller and covering the upper one with
canvas. The pressed masses are passed through
other rollers, preferably to the number of six
pairs. By the continued treatment the fibre be-
comes so pliable and separated that they may
be employed directly for coarse filaments. For
obtaining a perfect séparation of the fibres with-
out material détérioration, the boiled and pressed
masses must be completely dried and then
combed in a manner similar to the combing of
flax and cotton, but with the différence that the
pins of the combing machine must be very
strong. The séparation of the extractable mat¬
ter from the fibre produced by the boiling can
be effected at any time, but preferably after the
fibre has been spun into threads (Eng. and Min.
Journ. 47, 215 ; S. C. I. 388).

WOOD-PITCH, WOOD-SPIRIT, W00D-TAR,
v. Wood, destructive distillation of.

WOOD TIN (Native oxide of tin) v. Tin
salts and oxides.

WOOL. This epidermal excrescence is of the
type of horny tissues, and springs out of sub-
cutaneous follicles. Some naturalists bave dis-
tinguished only three distinct varieties of wool-
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bearing ovis ; others, many more. Whatever
the number o£ varieties may be, it is indisputa-
ble that the character o£ wool varies greatly in
straightness, length, and fineness, not only in
so-called différent kinds of sheep, but in the
same kind under unequal conditions o£ soil,
climate, and sélection.

The typieal wool-fibre is always covered with
scales, similarto those inclosing humanhair, but
freer in their attachment to the fibre and somewhat
pointed at the upper edge. No différence canbe
distinguished as to the inner fibre between wool
and hair. These seales, however, are found to
exhibit a wide différence in number, strength,
and distribution in various examples of wool.
The length of fibre may be taken to range from
an inch or so to as much as a yard, and the dia-
meter may be from l-3500th to l-50th of an
inch. Dr. F. H. Bowman construeted an appa-
ratus for determining the relative strength of
fibres, from which he ascertained the breaking
strain of différent wools, taking the average
of five filaments of each, and expressing the
power in grains to be:—human hair, 1,641
Lincoln wool, 502 ; Leicester wool, 473 ; North
umberland wool, 429 ; Southdown wool, 86
Australian merino, 50 ; Saxony merino, 39
mohair, 586 ; alpaca, 149. Generally speaking,
the strength increases with the diameter.

Aceordingto Mulder,the average composition
of horny tissue is :

Carbon .... 50-54 p.c.
Hydrogen .... 6-91 ,,

Nitrogen .... 16-83 „

Oxygen 22-07 „

Sulphur .... 3-65 „

Composition of Wool Fibre (Bowman).

Lincoln Irisli
wool wool land wool wool

Carbon 52-0 49-8 50-8 51-3
Hydrogen . 6-9 7-2 7-2 6-9
Nitrogen 18-1 191 18-5 17-8
Oxygen 20-3 19-9 21-2 20-2
Sulphur 2-5 3-0 2-3 3-8
Loss . 0-2 1-0 — —

100-0 100-0 100-0 100-0

In this sériés the loss estimated in the first
two analyses appears to represent the amount of
minerai ash which in the last two is estimated
along with the carbon. Chevreul found the
minerai matter in wool to amount to from 1 to
2 p.c.

Wool treated in turn with hydrochloric aeid
(0-13 p.c. acid), anhydrous ether, and aleohol is
freed from ail soluble matter, the sweat being
taken up by the water, the suint or yolk by the
aleohol, and the fat by the ether.

E. J. Mills eonsiders that the summary of
analyses of wool contained in Gmelin's ' Hand-
book of Chemistry ' warrants the conclusion that
wool is a definite chemical compound, known as
keratine- C42H157N5S015 (C. J. 43-142).

From the décomposition of seoured wool by
a solution of barium hydrate, Schiitzenberger
obtained the following resuit :

Products of Décomposition of Wool.
Nitrogen (as ammonia) . . 5-25
Carbonic acid (as BaC03) . . 4-27
Oxalic acid (as BaC204) . . 5-72
Acetic acid .... 3-20
Pyrolene and volatile products, 1 to 1-50
Elementary composition of 1 C. 47'85

fixed residue, containing I H. 7'69
leucine, tyrosine, and other f N. 12-63
volatile products J 0.31-83

100-00

Analysis of ash of Lincoln wool (Bowman).

Potassium oxide K,0 .

Sodium oxide Na.O
Calcium oxide CaO
Alumina A1203 .

Ferrie oxide Fe2Os
Silica Si02 .

Sulphur trioxide S03 .

Carbon dioxide C02
Phosphorous pentoxide P203
Chlorine

31-1
8-2

16-9

12-3

5-8
20-6
4-2

trace
trace

100-0

42-3
17-3

4-5

3-6

4-1
24-8

3-4
trace
trace

1000

sa

13

trace
trace
51-2

37-7

111
trace

trace

100-0

ln this instance 1 p.c. of ash was obtained
by burning wool, previously seoured with hard
white curd soap, thoroughly washed and dried.
On treating the ash with water, 75 p.c. dissolved,
leaving 25 p.c. insoluble.

Sheep's wool dried at 40° contains about 1-5
to 3-5 p.c. of sulphur. Chevreul concluded that,
since the wool disengages sulphur and hydro-
sulphuric acid without losing its characteristic
structure, the sulphur entera into the composi¬
tion of a body distinct from the filamentous
material proper. He found even the répéti¬
tion 48 times, for 48 hours each time, of the
treatment of wool with milk of lime, dilute
hydrochloric acid, and water in succession does
not entirely remove the sulphur.

Faist determined the amount of suint and
fatty matter to be from 21 to 27 p.c. in washed
and about 44 p.c. in unwashed wool. With
regard to suint, Youatt says : ' From its adhe-
siveness and colour it is called the yolk. It is
found in greatest quantity about the breast and
shoulders, the very parts that produce the best,
and healthiest, and most abundant wool ; and,
in proportion as it extends in any considérable
degree to other parts, the wool is there improved.
It différa in quantity in différent breeds
Where there is a deficiency of yolk, the fibre of
the wool is dry, and harsh, and weak, and the
whole fleece becomes haiiy ; while where the
quantity of yolk is abundant, the wool is soft,
and oily, and plentiful, and strong.' Dr. Ure
says : ' Formerly it was considered as a kind of
soap, mainly for the reason that the woolbesides
this sometimes contained about 8 p.c. of fat.
This fat, however, is usually combined with
earthy matters, mostly with lime, and conse-
quently forms a soap which is very insoluble.
The soluble suint is a natural sait (sudorate of
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potash) arising from the combination of potash
with a peculiar animal acid, of which little is
known.' V. Wool grease.

When the suint is removed by washing, a
solid and a more liquid fat may be extracted
by alcohol. These two fats may be separated
oiving to their différent solubility in alcohol.
They were examined by Chevreul, who named
the solid stearerin and the liquid elairerin. For
a complété examination of wool, see The Struc¬
ture of the Wool Fibre, by F. H. Bowman, D.Sc.

WOOL, BLACK, v. Azo- colouring matters.
WOOL GREASE. The exudations of sheep,

which collect on their wool, are well known to
coatain substances soluble in water, and sub¬
stances insoluble in water, but soluble in alkalis.
Bnisine finds that the substances soluble in pure
water contain numerous potassium compounds.
He observed the presence of (1) free carbonic
acid; (2) ammonium carbonate (by the décom¬
position of urea) ; (3) potassium carbonate (due
to a peculiar fermentation which goes on at
the cost of certain secreted substances; (4)
volatile fatty acids — viz. acetic, propionic,
butyric, valeric, and capronic acids ; (5) higher
fatty acids, such as oenanthic, caprinic, oleic,
stearic acids, and particularly cerotinio acid.
These are présent as potassium salts, which
are formed on the skin or by washing in consé¬
quence of saponification by potassium carbon¬

ate ; (6) fat in the state of an emulsion ; (7) phénol
as potassium sulphonate ; (8) lactic acid ;
(9) benzoic acid ; (10) oxalic acid ; (11) succinic
acid ; (12) urie acid ; (13) amido- acids—viz.,
glycocol, leucin, tyrosin ; (14) colouring matter,
the same as in the urine. The aqueous extract
of the wool consequently contains ail substances
(or their décomposition products) generally
found in the urine of herbivorous animais. The
extracts may become a valuable source for ob-
taining acetic, propionic, benzoic, lactic, and
caprinic acids, these being présent in considér¬
able quantities. The grease of an Australian
wool gave in 100 parts dry residue : 7'1 parts
acetic acid, 4 parts propionic acid, 2-6 parts ben¬
zoic acid, and 1 part caprinic acid (A. Buisine,
C. B. 103, 66 ; S. C. I. 5, 539) v. Oleic acids.

WOOL SCARLET v. Azo- colouring mattehs.

WOOTZ. An Indian name for steel.
W0RMSEED v. Santonica.
WORMSEED, 0IL OF, v. Oils, essentiel.
WORMWOOD. The leaves and tops of

Artemisia, Absinthium contain a volatile oil,
Absinthol (q. v.) and a bitterprineiple, Absinthin
(q. v.). Wormwood is a bitter stomachic tonic,
and is used in medicine as a remedy for atonie
dyspepsia, and as an anthelmintic.

WOURALI, WOTJRARA, WOXTRARI v.
Curara.

WULFENITE v. Molybdenum.

XANTHEIN. The name applied by Fremy
and Cloez to the soluble yellow colouring matter
of flowers.

XANTHIC ACID (Ethyl-oxydithio-carbonic
acid) CS.SH.OC„Hs. The potassium sait of this
acid is readily obtained by the action of carbon
bisulphide on an alcoholic solution of potash,
and from this sait the acid may be prepared by
treatment with dilute sulphuric or hydrochloric
acid; is a heavy, colourîess oil of a penetra-
ting smell and taste. It is readily decomposed
on warming into carbon bisulphide and alcohol.
The soda sait has acquired some industrial im¬
portance on account of its application in print-
ing with artificial indigo, and as a remedy

Iagainst phylloxéra, v. vol. ii. p. 390.
XANTHINE C5H4N402. A white, granular,

microcrystalline powder, constituting a rare form
of urinary calculus ; found in urine ; is a nor¬
mal constituent of the animal body, présent in
muscular fibre, in the liver, pancréas, spleen,
and brain. Found in guano and in yeast.
Forais salts with sulphuricandhydroehloric acids.

XANTHOGALLOL v. Phénol and its ho-

u0l0gues.

XANTHORRHAMNIN v. Persian Berries.
XANTHORRHfEA RESINS or BALSAMS

v. Balsasis.
XANTH0XYLUM. The bark of the prickly

asb, X. fraxineum and X. carolinianum. 1s
used in medicine in the treatment of rheumatism
and to relieve toothaehe. It contains a volatile
oil and re'sin.

XYLENES, Dimetliylbenzcnes,
C8H10 = C6H4(CH3)2.

A hydrocarbon of the formula C8H10 (in reality a
mixture) was obtained by various investigators
from the fraction of coal-tar, or of wood-tar,
boiling about 140°. De la Rue and H. Millier
isolated a similar substance from Rangoon tar.
Fittig (A. 153, 265) showed that the crude xylene
from coal tar contained two isomeric bydroear-
bons—metaxylene, which he had previously ob¬
tained by distilling mesitylenic acid

C0H3(COOH)(CH3)2(1:3:5)
with lime ; and paraxylene, which he had pre¬
pared by the action of sodium on a mixture of
crude bromtoluene and methyl iodide ; but pure
paraxylene was first prepared by Jannasch (A.
156, 239), by employing pure parabromtoluene
in the same reaction. OrtJwxylene was first
isolated from coal-tar by Jacobsen (B. 10, 1,010),
but had previously been obtained by Fittig and
Bieber (A. 171,79) by the distillation of paraxylic
acid C6H3(COOH)(CH3)2(l:3:4) with lime.

Crude coal-tar xylene, containing paraffins
and other hydrocarbons, was formerly used only
as solvent naphtha. At présent, purified xylene
is employed in the manufacture of xyhdine
scarlet and other azo- colours.

The xylenes are formed, like other methyl
homologues of benzene, by the décomposition of
complex organic substances by heat, hence their
occurrence in coal-tar and wood-tar. The meta-

compound is formed in the largest quantity ; but
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tlie relative proportion of the three isomerides
varies both with the material distilled and with
the température at which the distillation is con-
ducted. The séparation of the three xylenes is
a somewhat complex process (v. infra). In like
manner xylenes are formed, together with other
hydrocarbons, when the vapour of oil of turpen-
tine is passed through a red-hot tube. Ortho-
xylene, with about 5 p.e. of para-xylene, is formed
when methyl ehloride is passed into warm
toluene containing aluminium ehloride. The
xylenes are also formed by the distillation of the
dimethylbenzoic acids with lime.

In order to separate the isomerides, a com¬
mercial xylene, boiling at about 140°, and freed
from phénols and bases by treatment with alkali
and acid, is employed as the starting-point. If
only the meta- compound, which alone is of
technical importance, is required, the mixture is
boiled with dilute nitrie acid (1 part of commer¬
cial acid of sp.gr. 1-4 with 2 parts of water) ;
the ortho- and para- compounds are thus con-
verted into acids, whilst the meta- compound is
hardly attacked (Fittig and Velguth, A. 148, 10).
The product is steam-distilled, the distillate
shaken with alkali to free it from acids and
nitro-xylenols, dried, and rectified.

0. Jaeobsen (B. 10, 1013 ; 11, 17) bas de-
seribed a method by which the three isomerides
may be isolated from eoal-tar xylene. The crude
xylene is shaken in the cold with concentrated
sulphuric acid, which dissolves ortho- and meta-
xylene, converting them into sulphonic acids,
whereas para-xylene is hardly attacked, even on
heating. In order to obtain the ortho- and
meta-xylene, the acid solution is treated with
excess of calcium carbonate, filtered from calcium
sulphate, the filtrate, containing the calcium
sulphonates, precipitated with sodium carbonate,
and the solution of the sodium xylene-sulphon-
ates concentrated by evaporation and allowed
to crystallise. Sodium ortho-xylene-sulphonate
separates, whilst the sodium salts of two isomeric
meta-xylene-sulphonic acids remain in solution.
In order to purify the para-xylene, it is gently
warmed with fuming sulphuric acid, in which it
dissolves, leaving behind a paraffin and other
impurities. The three xylenes are then liberated
from their sulphonic acids by hydrolysis with
concentrated hydroehloric acid at 195°.

The hydrocarbons may, of course, also be
regenerated from the sulphonic acids by the dry
distillation of the ammonium salts alone, or
of the other salts with dry ammonium ehlor¬
ide.

Armstrong and Miller (C. J. 1884, 151, foot-
note) point out, with reference to Jacobsen's
method of séparation, that para-xylene dissolves
in concentrated sulphuric acid almost as readily
as meta-xylene. Levinstein, however (S. C. I.
1884, 354), shows that this only applies to pure
para-xylene, and that, when the para-xylene is
mixed with paraffins and the other substances
présent in coal-tar xylene, it is, as stated by
Jaeobsen, only very slightly soluble in sulphuric
acid.

Noelting and Palmar (B. 24, 1955) have
shown that commercial xylene contains ethyl-
benzene, and that in Jacobsen's method of sepa-
rating the isomers the para-xylene is obtained
mixed with this hydrocarbon.

Propeeties.

Ortho-xylene, C6H4(CHS)2,(1:2). Liquid, M-
ing at 144° (cor.). Oxidised by dilute nitric
acid to orthotoluic acid, C6H4(CH3)(COOH),(1:2),
melting at 102°. A hot solution of potassium
permanganate oxidises it to orthotoluic and
phthalic acids, whilst chromie acid totally de-
stroys it. Concentrated sulphuric acid converts
it into a sulphonic acid, of which the ehloride
melts at 52°, and the amide at 144°.

Meta-xylene (Iso-xylene), C6H4(CHj),,(1:3).
Liquid, boiling at 139° (cor.). Sp.gr. 0-8715
at Not attacked by dilute nitric acid.
Chromie acid oxidises it to isophthalic acid.
When warmed with concentrated nitric acid it
yields a tri-nitro- derivative, C8H(CH3),(N0,),,
melting at 176°, very sparingly soluble in alcohol.
Concentrated sulphuric acid converts it into a
mixture of two sulphonic acids.

Para-xylene, C6H4(CH,)2,(1:4). Monoclinic
prisms. Melts at 15°, and boils at 138-2°. Sp.gr.
0-8621 at 19-5°. Dilute nitric acid oxidises it
to paratoluic acid, C6H4(CH3)(COOH),(1,4),melt¬
ing at 178° ; chromie acid to terephthalic acid.
Sulphuric acid converts it into a sulphonic acid,
of which the ehloride melts at 26°, and the
amide at 148°.

Commercial xylene should have been pre-
viously washed with sulphuric acid, and should,
therefore, give only a pale-brown eolouration ou
treatment with concentrated sulphuric acid.
The boiling-point of the product should lie with-
in a few degrees ; thus not more than 10 p.c.
should distil below 138°, and not more than 10
p.c. above 140-5°, the remainder passing over
between these two températures.

The xylene of commerce is a product of very
variable composition. The relative proportion
of the three isomerides varies in différent
samples, and as these three compounds have
almost identical boiling-points, the boiling-point
of such a mixture affords no clue to its composi¬
tion. The value of a commercial xylene dépends
on the quantity of meta-xylene which it con¬
tains. Methods for the quantitative estimation
of the three xylenes in the commercial product
have been devised (v. Levinstein, S. C. 1. 1884,
77 ; Beuter, B. 1884, 2028, and S. C. I. 1884,
626 ; Chem. Zeit. 13, 830 ; and S. C. I. 1889,
874). F. E. J.

XYLENOLS v. Phénol axh its homo¬

logues.

XYLIDINE (Amidoxylene, Amidodimethyl■
benzene). Theory predicts the existence of sis
isomeric amidodimethylbenzenes, ail of which
are known. They are obtained by the réduction
of the eorresponclmg nitro- compounds with tin
and hydroehloric acid, or with iron filings and
acetic acid, or, in the case of the commercial
product, with iron turnings andhydroehloric acid.

1. v-Orthoxylidine,
C6H3(CH3)2NH2,(CH3:CH3:NH, = 1:2:3).

Liquid, boiling at 223° (cor.). Sp.gr. 0-991 at
15°. Melting-point of the acetyl compound,
CAtCH^NHfCAO), 131°.

2. ct-Orthoxylidine,
C6H3(CH3)2NH2,(CH3:CH3:1SÎH2 = 1:2:4)..

Lustrous rhomboidal tables, or large monoclinic
crystals, melting at 49°. B.p. 226°. M.p. of
acetyl compound 99°.
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3. i-Hetaxylidine,
C6H,(CHS)2NH2,(CH3:NH2:CH3 = 1:2:3).

liquid, boiling at 216° (cor.). M.p. of acetyl
(ompound 174°.

i. a-Metaxylidine,
C6H3(CH3)2NH2,(CH3:CH3:NH3 = 1:3:4).

liquid, boiling at 212°. Sp.gr. 0'9184 at 15°.
jl.p. of acetyl compound 129°.

5. s-Metaxylidine,
C^CHJjNH^CH^CH^NH^ 1:3:5).

liquid, boiling at 220-221° (cor.). Sp.gr. 0-9935
at 0°. M.p. of acetyl compound 140-5°.

6. Paraxylidine,
CsH3(CH3)2NH2,(jCH3:NH.,:CH3 = 1:2:4).

liquid, boiling at 220-221°. Sp.gr. 0"980 at
15°. M.p. of acetyl compound 138-139°.

Commercial Xylidine.
The nitroxylene used in the manufacture of

lis product is prepared by the action of nitric
acid on coal-tar xylene—a mixture of tliree
isomevic xylenes together with a small quantity
of ethylbenzene (v. Xylene). As ortho-xylene
jields by direct nitration tvvo mononitro-xylenes,
meta-xylene two, and para-xylene one, it is evi-
ient that these five nitro-xylenes will be con-
tained in commercial nitro-xylene, and, there-
fore, that the five corresponding xylidines will
te présent in the commercial xylidine obtained
from it by réduction with iron turnings and
tydrochloric acid. a-Meta-xylidine is présent
in largest quantity ; next to it, para-xylidine is
the chief constituent, occurring to the extent of
20-25 p.c. If commercial xylidine is mixed with
escess of eoncentrated hydrochloric acid, a
magma of crystals separates, consisting mainly
of the hydrochloride of a-metaxylidine (Schultz,
Steinkohlentheer, 1,339). Paraxylidine may be
separated by the greater solubility of its sul-
phonic acid in dilute sulphuric acid, the base
being afterwards regenerated by distilling the
sodium sait of the sulphonic acid with dry am-
moDium chloride (Witt, Noelting, and Forel,
S. C. I. 1889, 274). Commercial xylidine also
contains amido-ethylbenzene (Noelting and
Palmar, B. 24, 1,957).

For the préparation of colouring matters,
limpach (Eng. Pat. 6,899, May 9, 1888 ; S. C. I.
1889, 281) proposes to separate the xylidines
from the commercial product by the following
method : 121 grms. of commercial xylidine are
tieated with 30 grms. of 100 p.c. acetic acid, and
allowed to stand for twenty-four hours. Crystals
separate out, which consist of pure a-metaxyli¬
dine acetate. The mother-liquors are treated

with hydrochloric acid, and after standing three
to four days, about 20-25 p.c. of para-xylidine
separates as hydrochloride. The filtrate from
this contains prineipally derivatives of orthoxyli-
dine.

Commercial xylidine is employed exclusively
in the préparation of azo- colours, for which
purpose it is either converted direct into diazo-
xylene, or first into amido-azo-xylene or into
cumidine.

It should distil for the most part between the
températures of 212° and 218°. F. B. J.

XYLIDINE PONCEATI v. Azo- colouring

matters.

XYLIDINE RED v. Azo- colouring matters.
XYLIDINE SCARLET v. Azo- colouring

matters.

XYLITE v. Woon, distillation of.
XYLONITE v. Celluloïd.
XYLORETIN v. Besins.
XYLOÏDIN. A name applied by Braconnot

to an explosive product, C6H8(N02)05, obtained
by the action of nitric acid on starch ; and also
to some varieties of collodion prepared by the
aotion of nitric acid on wood-cellulose.

XYLOSE C3H,0O5, a penta-glycose diseovered
by Koch (B. 20, 145), and obtained by the
hydrolysis of wood-gum extracted from wood by
dilute soda solution. Xylose crystallises in
brilliant white needles ; m.p. 144-145° ; dextro-
rotatory, ■+18° to 19°. Shows the phenomenon
of bi-rotation very strongly. Like arabinose, it
gives no levulinic acid on boiling with hydro¬
chloric acid, nor mucic or saccliaric acid on
treatment with nitric acid. Yields furfuramide
on heating with sulphuric acid. Gives a cherry-
red colour with hydrochloric acid and phloro-
glucin. With phenylhydrazine forms long,
silky, yellow needles, C17H20NjO3. On oxidation
with nitric acid, yields trihydroxyglutaric and
trihydroxybutyric acids (Wheeler and Tollens,
A. 254, 304).

According to Bertrand (Bl. [3] 5, 554), xylose
may be obtained from wheat- or oat-straw by
first extraeting the straw with tepid water, and
then boiling it for several hours with dilute (1 to
2 p.c.) sulphuric acid. The liquor, after re-
moval of the sulphuric acid by baryta, is eon¬
centrated on the water-bath and treated with
alcohol ; this extracts the xylose, which forms
a syrup on evaporation of the alcohol, solidify-
ing on the addition of a crystal of xylose. The
yield is about 2 p.c. from wheat-straw, and 4 p.c.
from oat-straw.

Xylose appears to be the aldehyde of an open-
ehain alcohol xylitol (Bl. [3] 5, 740).

YEAST v. Fermentation.
YELLOW, ACID, v. Azo- colouring mat-

ibis ; also Naphthalene.
YELLOW, ANILINE, v. Azo- colouring

ultiers.

YELLOW, BRILLIANT, v. Azo- colouring
smters ; also Naphthalene.

Vol. III. — T

YELLOW, BUTTER, v. Azo- colouring mat¬
ters.

YELLOW, CAMPOBELLO, v. Naphthalene.
YELLOW, CHROME, v. Chromium.
YELLOW, CITRON, v. Chromium.
YELLOW, COLOCtNE, v. Chromium.
YELLOW, CONGO, v. Azo- colouring matters.
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YELLOW COPPER ORE v. Copper.
YELLOW, CROCEÏN, v. Naphthalene.
YELLOW, DIPHENYLAMINE, v. Azo-

c0l0uring matters.

YELLOW, FAST, v. Azo- colouring matters.

YELLOW, FRENCH, v. Azo- colouring
matters.

YELLOW, HESSIAN, v. Azo- colouring
matters.

YELLOW, IMPERIAL, v. Aurantia.
YELLOW, GOLDEN, v. Naphthalene.
YELLOW, KING'S, v. Arsenic ; also Pig¬

ments.

YELLOW, LEIPSIC, v. Chromium.
YELLOW, LEMON, v. Chromium.
YELLOW, MANCHESTER, v. Naphthalene.
YELLOW, MARTIUS'S. v. Naphthalene.
YELLOW METAL, v. Copper.
YELLOW, METANIL, v. Azo- colouring

matters.

YELLOW, NAPHTHALENE, v. Naphthal¬
ene.

YELLOW, NAPHTHOL, v. Naphthalene.
YELLOW, NEW, v. Naphthalene.
YELLOW, ORANGE, v. Azo- colouring

matters.

YELLOW, PARIS. Lead chromate v.
Chromium.

YELLOW PASTE v. Azo- colouring mat-

ters.

YELLOW, RESORCIN, v. Azo- colouring
matters.

YELLOW, TURNER'S, v. Lead.
YELLOW ULTRAMARINE. Citron yellow,

Lemon yellow. Barium chromate v. Chromium ;
also Pigments.

YELLOW, SAFFRON, v. Naphthalene.
YELLOW, SALICYLIC,- v. Salicylic yellow.
YELLOW, SUN, v. Azo- colouring mat-

ters ; also Stilbene.
YELLOW WOOD v. Pustic.
YEW. Taxus ; If commun, Pr. ; Eibe, Ger.

It has long been known that the leaves and
berries of the common yew, Taxus laccata (Linn.),
(Bentl. a. T. 253), possess powerful toxie pro-
perties. Yew is a reputed emmenagogue, and
it has been used for the purpose of procuring
criminal abortion, but its efficiency is more than
doubtful, and its employment often leads to fatal
conséquences (cf. Redwood, Ph. [3] 8, 361). The
(irst thing to do in cases of poisoning is to

empty the stomach ; milk may then be given
to allay irritation, and such stimulants as alco-
hol or ammonia employed. Yew is seldom used-
in medicine.

Chevallier a. Lassaigne (J. Ph. 1818, 4, 558),
Peretti (J. Ph. 1828, 14, 537), Lucas^ (Ar. Ph.
[2] 85, 145), and others have examined yew
chemically,but no definite compound was isolated
till the diseovery of an alkaloid taxine by Marmé
in 1876 (C. C. 1876, 166). Taxine was further
studied by Amato a. Capparelli (G. 10, 349),.
who also obtained a non-nitrogenous crystalline
compound milossin, and a volatile oil which
distils with steam, and has the odour of fennel.
The chemical reactions of taxine obtained by
Marmé's process have been examined by Hilgar
and Brande (B. 23, 464). Taxine is prepared
by exhausting yew leaves or seeds with ether.
The residue, after distilling oïï the ether, is
extracted with acidulated water, and from the
clear aqueous solution alkalis preeipitate the
base in white flakes, which, when washed and
driedoversulphuric acid, assume the appearance
of a white crystalline powder. The leaves con-
tain more alkaloid than the seeds. Taxine melts
at 80°. It is odourless, but possesses a very
bitter taste. It is very slightly soluble in water,
is soluble in dilute acids, alcohol, ether, benzene,
and chloroform, and insoluble in petroleum ether.
Sulphuric acid reddens it. No preeipitate is
formed on the addition of platinic or auric
ehloride, but amorphous précipitâtes are ob¬
tained with most of the other alkaloidal reagents
(Marmé). Prom the residue, insoluble in acidu¬
lated water, alcohol and animal charcoal extracts
milossin. Its purification is tedious and difficult.
It crystallises in stellate groups of needles, which
melt at 86-87°, and which are insoluble in water,
but soluble in boiling alcohol (Am. a. C.).

According to Hilger and Brande, taxine (m.p.
82°) is a monovalent base, having the formula
C37HmO10N. The following compounds were pre¬
pared and analysed :

Hydrochloride, C3,HS20ION,HC1 ;
Sulphate, (C37H52O,0N)2H2SO4 ;
Platinum sait, (C37H,2O10NHCl),PtCl4;
Gold sait, CsjHsjO^NHCI.AuCIj ;
and Ethoiodide, C37H52O10N,C2H5I.

A. S.
YTTRIUM v. Cerium metals.

YTTERBIUM v. Cerium metals.

z

ZAFFRE. Cobalt Hue v. Cobalt, also Pig¬
ment.

ZALA. A synonym for Borax.
ZEIODELITE. The name of a mixture ob¬

tained by stirring 24 parts of finely powdered
glass into 20 parts of melted sulphur, and used
as a cernent and for taking casts instead of sul¬
phur or plaster.

ZINC. Symbol Zn. At.wt. 64'88.
Zinc was discovered last of the seven common

metals, it being first mentioned as a métal by
Paracelsus about 1530. But ores of zinc were

known to the ancients, and were employed by
them both for the manufacture of brass by the
calamine process, and also in medicine. The
working of zinc ores in Europe in modem times
dates from the introduction of the use of brass,
and there are records extant which show that in
1439 the Vieille Montagne calamine mines had
been worked for a considérable time by the men
of Aix. Metallie zinc was sometimes produced
accidentally during the smelting of copper, but.
is stated to have been first made directly from
calamine by Henckel in 1721 (Percy, Métal-
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j lurgy, 1, p. 520). A zinc factory was ereqted at
; Bristol shortly afterwards ; but the production

in this country was small, the greaterpart of the
I métal which was required being imported from
j China and India, and zinc is stated to have sold

in 1731 for 260Ï. per ton, or more than ten times
I its présent value. Other works were ereeted in

the United Kingdom, and the demand gradually
inoreased with the introduction of the direct
method for the manufacture of brass. In Eng¬
land the process of distillation jper descensum in
iireclay crucibles was adopted ; this has scarcely
been used elsewhere, and is now completely
abandoned in this country. The Liège (or
Belgian) process was invented by Daniel Douy
in 1809, and works were immediately ereeted for
carrying out the process at Liège. These works
ultimately developed into the Société de la

Vieille Montagne, in 1837, and this Société is
now the largest zinc-producing company in the
world. Zinc has also been manufactured on a

considérable scale for a lengthened period in
Germany, particularly in Silesia. It was not
till 1820 that the exports of zinc from England
to India about equalled the total imports, and
this country could be considered for the first
time to supply itself with zinc. Since that time,
however, the trade has fluctuated considerably,
so that in 1864 the total production of zinc in
the United Kingdom did not equal one half of
that required in the Birmingham brass trade
alone. The following figures, taken from a
paper by M. Paul de Sinçay, ' On the Manufac¬
ture of Zinc in Belgium ' (Inst. M. E. 1883,
345), give the approximate production, in Belgian
tonnes, of raw zinc in Europe :—

— 1860 1870 1880

Upper Silesia 40,354 36,518 65,437
Vieille Montagne 28,925 42,112 44,690
Other Belgian makers 9,144 14,476 26,700
Rhenish Provinces and Westphalia . 8,592 18,006 27,107
England 6,104 16,000 22,000
Other countries 4,777 8,173 23,253

Total .... 97,896 135,285 209,187

The European production of zinc in 1888
was as follows :

Upper Silesia . . 83,375 tons
Belgium and Bhenish 1

Provinces . ./ »
Great Britain . . 26,633 „

Other countries . . 23,752 „

Total . . 267,005 „

The production of the United States of
America, whichinlSSO amounted only to 20,749
metric tons, had risen in 1888 to 57,000 metric
Ions. Of this quantity 10,400 tons was pro-
duced in the Eastern and Southern States,
22,500 tons in Illinois, and the remaining
24,100 tons in Kansas and Missouri (J. Soc.
Chem. Indust. 8, pp. 483,151).

Ores of zinc. The most important ores of
zinc are the sulphide and carbonate. Zinc
llcnde (ZnS) is commonly ealled ' black jack '
by the miner on aceount of its dead black
colour and high lustre. The use of blende for
the manufacture of zinc and brass was patented
in 1758 by Champion, of Bristol. Previously
the source of the métal was the carbonate
calamine (ZnC03) and this was the only ore
used in Belgium until about 1855, when roast-

j ing of blende was adopted. Both these ores are
widely distributed and are now extensively em-
ployed. Of less importance are the oxide
(which usually contains oxides of manganèse,
and from its colour is called red oxide of zinc)
and the silicates.

In New Jersey red oxide of zinc occurs to-
i pether with magnetic oxide of iron in Frank-

linite from which the zinc is first extracted,
and the residue is afterwards smelted for

; spiegel-eisen in the blast furnace. The flue

dust from the blast furnace used in the manu¬

facture of iron is also frequently sulïiciently
rich in zinc to render its extraction advantage-
ous. The total quantity of zinc ore raised in
the United Kingdom in 18S7 was 25,445 tons,
containing on the average 51 p.c. of zinc and
valued at 76,1821., the chief sources being Nortli
Wales, the Isle of Man, and Cumberland. The
Derbyshire mines, once of great importance, only
yielded 2 tons of zinc ore in 1887. In addition to
the above, 17,738 tons of zinc ore were imported,
valued at 71,3011.

Extraction of zinc. It is necessary that the
ores used for the extraction of zinc should be as

rich and as uniform in character as possible.
The ores as they occur are often only poor in
zinc, and require to be concentrated by washing ;
in the case of calamine ores this is usually a
tolerably simple matter, but with blendes which
are frequently associated with other sulphides
concentration is a more complieated opération,
though with modéra appliances, careful sizing,
and the necessary attention, a remarkably perfect
séparation can be effected. The slimes produced
during concentration are again treated, ' frue
vanners ' being now used for this purpose at
Freiberg, and such portions as are rich in zinc are
dried and smelted in mixture with other materials
as afterwards described. When the ores have been
thus concentrated, they are ealcined or rôasted
to convert them as completely as possible into
zinc oxide. Calamine is readily ealcined, and
this is frequently conducted in kilns with the
waste heat from the smelting furnaees. On the
other hand, blende requires much care and ex¬
périence in roasting, so as to prevent the forma¬
tion of difficultly decomposable sulphate. Blende
is generally roasted in double-bedded reverbera-
tory furnaees, frequently with the waste heat

3x2
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from the smelting furnaces. By the use of
double-bedded roasting furnaces a considérable
economy of fuel, and more uniform heating is
obtained. It has generally been considered that
the presence of any sulphur in roasted blende
leads to loss of zinc, owing to sulphide being
left in the retort, but, aceording to A. Voigt (J. S.
C. I. 8, 986), the zinc left in the retort is chiefly
in the form of oxide, while the sulphur in roasted
blende is in the form of sulphates of metals
generally other than zinc, and the presence of a
small quantity of sulphur in roasted blende does
not reduce the yield of zinc. The time required
for roasting différent varieties of blende varies
from about two to six hours, and is longest with
ores rich in iron pyrites.

In roasting blendes a quantity of zinc fume
is produeed, and rnay lead to a somewhat con¬
sidérable loss of zinc. This fume has been
utilised by Dr. Krause-Côthen for the manufac¬
ture of zinc carbonate (Berg. u. Hiitt. Zeit. 1891,
246). The blende roasted at Oberhausen con-
tains 0-02 p.c. of mercury. The dust deposited
from the roasting kilns contains about 7 p.c. of
mercury, which is extraeted, and the sulphur
dioxide from the gases is used for the manufac¬
ture of anhydrous sulphurous acid (Chem. Zeit.
10, 1039).

After calcination the finely divided ore is in
ail cases mixed -with a suitable proportion of
ground coal (non-eaking) or other carbonaceous
material, and heated to bright redness in a retort,
the form and dimensions of which vary with the
locality and the nature of the ore. The carbon
unités with the oxygen of the ore to form ear-
bonic oxide, and zinc is set free ; the métal at
the high température employed is converted
into vapour, which is caused to pess into suitable
réceptacles, and condensed. The processes
which are or have been used for the extraction
of zinc differ merely in the form, arrangement,
and number of the retorts, and in the methods
adopted for supporting and heating them.

It is advantageous to thoroughly crush the
materials, and to have as large a condensing
space as possible. The condensers should be
just sufficiently hot to keep the condensed métal
in the liquid state, as, if the receivers are too
hot, zinc is lost by volatilisation, while if the
température is too low a coarse crystalline pro-
duct is obtained. It is necessary that the retorts
should be kept filled with carbonic oxide ; if
carbon dioxide is présent, part of the zinc is
oxidised and zinc and zinc oxide distil over

together. For this reason it is necessary to
leave a little of the ore unredueed in the retort
at the end of the process (Steger, S. C. I. 5, 607).

The following général principles have been
laid down for the construction of zinc furnaces

by M. F. Laur (Bull. Soc. Indust. Minérale, 1874,
3, 395 ; Inst. C. E. 41, 317) :

1. That it is not prudent to construct fur¬
naces the internai capacity of which exceeds
about 32'5 eubic yards.

2. The thickness of the charge to be reduced
in the muffles should not exceed 7 inches, and
the vessels should not exceed 20 inches in height,
or 5 feet in length.

3. The maximum capacity which can be
advantageously given to the retorts is about
twenty-two gallons.

4. The total interior volume of the retorts
should be about one-third of the volume of the
furnace in which they are heated, since expéri¬
ence shows that about two-thirds of the space
is required for supports and free circulation.

Four processes for the extraction of zinc
have been actually worked on a considérable
scale—namely, the English, Carinthian, Belgian,
and Silesian.

1. In the English process, adopted by
Champion at Bristol, large fire-elay crucibles
were used, and the method was that known as
distillation per descensum. The process involved
the use of an excessive amount of fuel, and only
a comparatively small amount of zinc could be
produeed. This manufacture forms a very in-
teresting chapter in the metallurgy of zinc, and
has been fully treated by Dr. Percy (Metallurgy,
1, 550), but as it has been entirely superseded,
will not be here described in détail.

2. The Carinthian process. The process
formerly adopted in Carinthia was in principle
similar to the English method, the ore being
charged into vertical pipes or retorts of fire-clay,
and distillation being effected per descensum ; a
single furnace sometimes contained over 250
such pipes. This process is also now aban-
doned.

3 and 4. Belgian and Silesianprocesses. The
only processes now in extensive opération are
the Belgian and Silesian, neither of which are
confined to the countries in which they were
invented, and the two Systems are sometimes
combined in the same furnace, the retorts in
the lower or hotter part being on the Silesian
principle, and in the upper part on the Belgian.
In each case the retorts are of fire-clay, and are
generally made on the premises, being earefully
moulded by lrand, then air-dried for about a
fortnight, and afterwards heated to redness in a
separate furnace before being set in position.
By an improvement, the invention of M. Dor,
which has been largely adopted in Belgium, the
retorts are subjeeted to a pressure of 3,000 lbs.
to the square inch during manufacture ; they
are afterwards bored by machinery, and are thus
made very thin, and yet possess great durability.
The différences between the Belgian and Silesian
Systems are in the shape, size, and method of
supporting the retorts, in the amount of charge
used, and in the arrangement of the retorts in
the furnace. In each system direct firing by coal
was formerly universal and is still occasionally
used, butgas-firingisnow very generally adopted,
and the use of the Siemens' and other gas fur¬
naces is found to be most advantageous. The
introduction of gas furnaces has led to considér¬
able saving of fuel, which in Silesia was formerly
3'5 tons of coal per ton of ore, and is now about
one-third of that quantity ; gas firing has also
led to the use of larger furnaces and given longer
life to the retorts. The resuit has been that, in
Silesia, while in recent years the number of
Works has actually decreased, the production of
zinc has greatly increased (v. M. Georgi, Zinc
Industry of Upper Silesia ; Berg. u. Hiitt.
Zeitung, 36, 71, 78, 97 ; Inst. C. E. 49, 369).

The retorts used in the Belgian process are
cylindrical or elliptical in shape, being closed
at one end ; these retorts are supported at the
extremities, and are set in the furnace in tiers,
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each retort being inclined, and higlier at the
back than the front. The elliptical retorts are
used for the lower tiers, where the température
is highest, and they are sometimes air-cooled at
the bottom. When the charge has been intro-
duced, which requires considérable skill, the
mouths of the retorts are fitted with condensing
tubes of cloy in which the zinc collects, partly
iu the form of métal and partly in the form of
more or less oxidised dust, which deposits chiefly
in a sheet-iron nozzle which is fitted to the clay
tube. The workman judges of the progress of
the opération by the colour of the flame or
vapours which are evolved. Brown vapours are
first given off, and with these any cadmium
passes over ; they are succeeded by the charac-
teristic flame of zinc, which continues until the
opération is completed. The loss of zinc by the
Belgian process is about 15 to 20 p.c. of that
originally présent in the ore; while in the
Silesian process, in which poorer and more re-
fraetory ores are employed, the loss is 5, or
even 10, p.c. greater.

In the Silesian process the retorts are Q
shaped ; the width is the same as that of the
Belgian retorts, but the height is greater, and as
the retorts are supported in the furnace from
beneath, they are made longer than in the Bel¬
gian process—consequently the charge is greater.
The retorts are usually placed in a single row in
the furnace, which occasionally contains as
many as forty such retorts, though about thirty-
two is stated to give the best results, and a
smaller number is frequently employed. In
the latest form of Silesian furnace at Freiberg
the muffles are arranged in two rows one above
the other, and each row contains sixteen mutiles.
In recent years the tendency has been to use a
much larger number of retorts than formerly, so
that the charge of ore per furnace has been
raised from 15 cwt. to 6 or 8 tons.

In the lower part of the front of a Silesian
mulile a hole is provided for the purpose of in-
troducing the charge, and removing the residue
after the distillation is complété. This method
of charging, combined with the underneath sup¬
port, gives greater durability to the Silesian
mutiles, so that, though in a given time the
Belgian furnace may make more zinc, the annual
production is rather in favour of Silesia (v. F. A.
Thum, Notes on Zinc Smelting, Eng. and Min.
Jour. 1879, 275 ; Inst. C. E. 58, 407).

The zinc works of Prince Hohenlohe in
Silesia include three smelting works, with a
total of 106 furnaces, and a separate calcining
works for the préparation of zinc blende for
distillation. The fourteen long double-bedded
calcining furnaces employed have each an out-
put of 220 lbs. of roasted ore every five hours.
Each zinc furnace contains thirty-two muffles,
heated by gas from Boetius producers. Every
furnace is arranged with sixteen niches, each
containing two muffles, while two furnaces are
built together so as to form a double furnace.
Two spaces are provided at either end of the
double furnace, one for tempering the muffles, and
the other for calcining the lump calamine.
Most of the calamine is charged raw, as the
Carbon dioxide is driven off long before the
température of réduction is reaclied. The charge
per mutile weighs 507 lbs.. and consists of a

mixture of roasted blende, lump calamine, and
dried slimes. The daily yield is about 108 lbs.
of zinc. The zinc contains 3 to 4 p.c. of lead,,
which is reduced by refining to 1-07 p.c. The
refining is conducted in a reverberatory furnaco
with an inclined base, in the well of which
the métal collects, the lead at the bottom and
the zinc above. Every twelve hours about half
a ton of zinc is tapped, and the same amount of
raw zinc is charged in ; the lead is removed at
longer intervais. An exactly similar process is
used in Birmingham for refining Continental
zinc previous to rolling. The refined zinc con¬
tains about 1 p.c. of lead, 0'02 p.c. of iron, and
0'04 p.c. of sulphur (Berg. und Hiitt. J. 1889,
p. 389; Inst. C. E. 101, 382).

According to L. Grand, the zinc ores smelted
at Freiberg are blendes which contain about
35 p.c. of zinc, 30 p.c. of sulphur, and 4 to 5 p.c.
of lead. The ores also contain iron and arsenic.
They are first roasted in kilns to utilise the sul¬
phur, and then roasted more completely in
double-bedded calciners until they contain not
above 1 p.c. of sulphur. Distillation is effected
in Silesian furnaces, each of which is heated by
gas on the Siemens' regenerative principle, and
contains thirty-two muffles. The charge of each
muffle is 100 lbs. of calcined blende, which re¬

quires twenty-four hours for distillation, and
yields about 32 lbs. of zinc. Such a charge
requires for fuel 50 lbs. weight of coal and 5 to
6 cubic feet of wood. The muffles last about
six weeks (Ann. M. [2] 1875, 261 ; Inst. C. E.
42, 345).

Treatment of zinc ores in the blast furnace.
In order to reduce the consumption of fuel and
labour in the extraction of zinc a number of

attempts have been made to reduce zinc in the
blast furnace, but hitherto without much suc-
cess. The difficulty experienced is due to the
fact that the vapour of zinc and the furnace
gases must, in such a furnace, pass away to¬
gether, and during the condensation which ensues
a reaction takes place between the zinc and the
carbon dioxide of the gases, thus Zn + C02 =
ZnO + CO reproducing oxide of zinc, and the
ultimate resuit of the opération is merely to
carry oxide of zinc out of the blast furnace into
the condensing apparatus. This action has been
studied by Lencauchez (Mém. Soc. Ingén. Civils,
1877, 568 ; Inst. C. E. 51, 332), who found
that zinc was still oxidised when the proportion
of carbon dioxide was only 0'5 p.c. of the gas
employed. By very rapid cooling of the gases
Lencauchez succeeded in reducing the oxidation
of the zinc to as little as 5 p.c., but after
numerous experiments lie concluded that this
process is not likely to be commercially suc-
eessful.

In 1878 Binon and Grandfils, in Stolberg,
made the attempt to use a zinc oven with upright
retorts. They aimed at making the old Carin-
thian method continuous. The materials con¬

taining zinc were heated with reducing agents
by gas in réduction spaces in the form of shafts,
which were filled above and emptied below.

The zinc shaft furnaces of Henri Harmet
have above and below an apparatus for leading
off the zinc vapours. The volatile products are
led through two long cylindrical upright
chambers, filled with incandescent fuel, in
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which the réduction of carbonio acid to
carbonio oxide and traces of zinc oxide to
metallic zinc is completed. Westman, in the
year 1884-5, used two shaft furnaces, supplied
with coal, .and one for preparing briquettes
of ore and coal. Tbrough both the first shaft
furnaces generator gas was passed, by the com¬
bustion of vhicli in the regenerating chambers
sulïicient heat was producedto reduce the ore to
métal. This has been further improved by
Westman in Eng. lJat. 17336, 1888. Quaglio,
Pintich, and Lentz obtained a patent in 1884
for a furnace construction, whieh consists in the
arrangement of two shaft ovens connected by a
canal, into one of whieh the air is introduced,
and from the other the products of the reaction
are withdrawn, this constantly being reversed.
The patentées indicate that the principle of their
discovery consists in reducing the carbonic acid
into carbonic oxide, so that the apparatus forms
at the same time a carbonic oxide generator, in
which the units of heat formed by the combus¬
tion of carbon to carbonic oxide, otherwise lost,
are made use of, and the carbonic oxide is used
as a heating gas. Eigaud also uses a double
shaft furnace. One shaft is upright, and is
charged in the usual way with ore and fuel. The
other has an inelined position, and is in combi-
nation with the first under the hearth. It is
only charged with coal. Metallic vapours come
off with the gases escaping from the hearth,
oxides probably being reduced also. Its tem¬
pérature is only so high that the metallic vapours
are condensed, and the liquid métal runs down
the side channels, and is collected in au outside
receiver. Steger considers the préparation of
zinc in shaft furnaces possible if enough heat is
produced for the réduction, and the zinc pro-
duced led over in an atmosphère of carbonic oxide
into the cooled receiver for condensation in the
liquid form. Steger has tried to discover whe-
ther by regulating the air current and the supply
of coal the percentage of carbonic acid in the
gas may be reduced so low that its action
is immaterial. One of the most important con¬
ditions for producing an atmosphère rich in
carbonic oxide consists in maintaining the
highest possible température of combustion by
means of a liot blast. With a blast température
of about 1200°C. only a trace of carbonic acid
is formed with the carbonic oxide. Clerc uses a

blast heated nearly to the melting-point of iron
on a cold mixture of zinc oxide and chareoal
powder. The zinc is driven forward as zinc-
dust, and at first flukes of zinc oxide are formed.
Steger recommends, more recently, horizontal
shaft ovens. In these furnaces the zinc ore,
mixed with coal, is charged from above. The
furnaces are then brought to a full-red heat by
a very hot blast, and réduction ensues.

The question now to be solved is how to ob-
tain the least possible quantity of carbonic acid,
and have ail the oxygen of the blast converted
into carbonic oxide. Continuous, working is
not possible with these furnaces. Horizontal
ovens are stated to be préférable for sanitary
reasons.

Eichorn's method resembles Westman's in
the choice of apparatus, but differs essentially
in principle. Eichorn heats the oxides produced
by the réduction of the carbonic acid again to a

température sufficiently high to reduce tbem
(Berg. und Hiitt. Z. 1888, Nos. 43 and 44).
l'or this purpose two shaft furnaces filled with
coke are used, the température being maintaineil
by the use of hot blast. These coke furnaces
serve to store up heat and for réduction, while
the Westman gas producers are only for conden¬
sation (Kovort, X). P. J. 272, 268, 312 ; S. C. I.
8, 545).

Hunicke also (Eng. Pat. 18024, 1888) pro¬
poses to get rid of the carbon dioxide in the
gases by passing the vapours througk heated
ckarcoal, so that only carbonic oxide and zinc
are left. The zinc is then condensed in suitable
coolers ; while Walsh (Eng. Pats. 8599,1887, and
7181, 1889) states that carbon has no effect on
carbon dioxides at températures below 1300°F. ;
but at 1400-1500°F. carbon converts carbon
dioxide into the monoxide, which has no effect on
zinc vapours. Walsh, therefore, proposes to
pass the vapours over carbon at the latter tem¬
pérature and to condense the zinc. The zinc
oxide is reduced in a closed top cupola furnace,
and the vapours passed through the heated car¬
bon contained in a chamber attached to the
furnace. The vapours are then passed through
a condenser consisting of two parallel and
horizontal iron pipes connected together with
a sériés of vertical U-tubes, the condenser
being maintained at suelr a température that
the condensed zinc remains in the liquid condi¬
tion.

The above references indicate the direction
of experiments undertaken to solve the problem
of smelting zinc in blast furnaces, but most of
the processes described have partaken more of the
character of large-scale experiments than com¬
mercial processes, and a thoroughly satisfactory
solution has not yet been introduced.

Wet metlwds of extracting zinc. One of the
most difficult problems connected with the métal -

lurgy of zinc is that of the treatmentof complcx
ores. These may contain, in the aggregate, very
considérable proportions of metallic constituents,
but in that a number of metals are présent to¬
gether the ores cannot be treated by ordinary
methods. Such ores usually contain about 12 to
28 p.c. of zinc, and 5 to 15 p.c. of lead, together
with a few p.c. of copper, some ounces of silver
per ton, and frequently small proportions of
other constituents. Various wet methods of ex¬

traction,.usually connected with electro-deposi-
tion, have from time to time been suggested, and
liave been worked on a more or less considérable
seale, though as yet usually without much com¬
mercial suceess. It is only after many trials
that copper-refining by electro-deposition has,
during the last decade, become a commercial
success ; and yet copper is worth more than
double the price of zinc. The electro-motive
force reqnired for the déposition of copper
is less than that necessary for zinc, and the
strength of current that may be used with copper
is greater. Thus electrolytic methods of ex¬
traction of zinc have to contend with the dis-
advantages of the comparatively low intrinsic
value of the métal, and of comparatively slow
déposition.

Where electro-deposition is employed, tliere
are two methods open for extracting the
zinc ; in the first the ore itself may be used as
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anode ; or, secondly, the ore may be roasted or
treated with solvents to convert the zinc into a

soluble form.
1. Luckow proposed to mix the ore with

coke in order to render it a conductor, and to
place it in an open chest in an electrolyte con-
sisting of a somewhat strong and acid solution
of common sait or chloride of zinc (20-30 p.c.
Zn). The métal was deposited either upon a
îinc plate or upon a cathode of coke. Higgs
(Eng. Pat. 9158, 1886) proposed a similar
method, but used magnésium chloride as elec¬
trolyte, and adopted spécial arrangements for
collecting the evolved chlorine.

2. Many processes have been proposed for
rendering the zinc in complex ores soluble, and
in a number of these it is proposed to reeover
the zinc from solution by electro-deposition.

Lambotte and Doueet proposed to roast
blende to oxide, dissolve in crude hydrochloric
acid, precipitate the iron with chloride of lime
and zinc oxide, and electrolyse the solution.

Parnell calcined complex ores to oxide, dis-
solved in dilute sulphuric acid, which was ob-
tained as a by-product, precipitated the copper
by metallic iron, and evaporated the liquor to a
inud. Zinc sulphide was then added, and zinc
oxide produced by heating the mixture strongly.
The zinc oxide so obtained was sold to the
smelters. Maxwell Lyte calcined the ore, and
dissolved in hot dilute hydrochloric acid ; the
lead was allowed to separate as chloride on
cooling, the iron precipitated by limestone,
the copper with scrap iron, and the zinc as
oxide by lime. létrange was one of the
«arliest workers in the direction of electro-depo¬
sition of zinc ; in this process blende was care-
fully roasted at low températures to produce
zinc sulphate, which was dissolved with hot
water and dilute sulphuric acid. The solution
ivas then electrolysed, using an anode of lead
(or carbon) and a cathode of zinc. The current
used must have a high eleetro-motive force
owing to the peroxidation of the surface of the
lead.

Among the suggestions of the last few years
the following are worthy of notice. In 1886
Lea and Hammond (Eng. Pat. 10868) suggested
the use of hydrochloric acid as a solvent for
roasted ores previous to electro-deposition, while
in the same year Squire and Currie (Eng. Pats.
12249 and 12630) proposed the use of an alka-
line solution for the same purpose, and in 1887
Watt patented (Eng. Pat. 6294) the application
of dilute vegetable acids for a similar object.
Again, Burghardt (Eng. Pat. 9886 and 13182,
1888; 659, 1889) proposed the use of an alkaline
solution made by adding the roasted ore, pre-
viously mixed with 3 to 7 p.c. of powdered coal or
charcoal, to melted caustic potashor soda. The
mass was extracted with water, the zinc electro-
deposited, and the alkali reeovered to be used
over again. Croselmire (Eng. Pat. 4286, 1888)
proposed to mix the ground ore with clay, and
form into perforated pressed bricks which are
roasted into sulphate in kilns. The roasted
mass is extracted with hot water and an équiva¬
lent of dilute sulphuric acid, air is blown througk
the liquors to precipitate iron and manganèse,
and, after settling, the clear liquor is electrolysed,
or the zinc may be precipitated by soda ash. In

1889, also, Cunningham (Pat. 9987) again
patented the use of an alkaline solution ob¬
tained by fusion with caustic soda.

Among methods of another class proposed
for the treatment of complex zinc ores may be
mentioned that of Perino (Eng." Pat. 10657,
1888) who fused the blende in clay retorts at
150° to 200°C. with nitrate of iron in the pro¬
portion of about 5 parts of nitrate of iron to 1
of zinc. The mass was extracted with water and
a solution of zinc sulphate obtained: Arrange¬
ments were made for recovering the nitrate of
iron. Siemens and Halske also (Eng. Pat. 3533,
1889) use ferrie sulphate for extracting zinc
from complex ores, while Seegall (Eng. Pat.
4871, 1889) employs a slightly acidulated solu¬
tion of ferrie chloride for the same purpose.

The complex ores of Leadville, U.S.A., eon-
taining 25 p.c. zinc, 15 p.c. lead, 20 p.c. iron,
are roasted to sulphate, extracted with water ;
the residue chlorinised to complété the extrac •

tion of the zinc, and the zinc precipitated from
the solutions as oxide (S. C. I. 7, 572). There
is thus no lack of methods proposed for the
extraction of zinc in the wet way, and much
attention has been devoted to the subject,
but at présent it cannot be said that a satisfac-
tory solution of the difficulty has been obtained,
and none of the processes above mentioned have
as yet met with extended application in the
United Kingdom, whatever may have been their
reported success elsewhere.

The methods adopted for the treatment of
the complex ores of Ereiberg are probably at
least as successful asanyof those above described.
A splendid ore-dressing plant on the newest
System was erected in 1890, and by systematic
crushing and washing a very perfect séparation
of galena, blende, pyrites, &c., is obtained. The
minerais so separated are then treated for the
recovery of their respective metals.

Properties.—Zinc is a bluish-white métal,
which at ordinary températures is brittle, and
when pure exhibits a beautifully crystalline
fracture. The presence of impurities usually
renders the fracture closer in the grain and less
brilliant. Zinc melts at 420° (433° Carnelley),
and boils at the melting-point of silver. Its
tensile strength varies greatly according to the
mode of préparation ; cast zinc has a tenacity
of only 1-2 tons per square inch, while an an-
nealed rod gave a tenacity of 7-9 tons per square
inch, and zinc wire 10 tons per square inch.
Its hardness is intermediate between that of tin
and copper, being equal to 6 onTurner's Sclero-
meter and 2£ on Moh's scale.

Though zinc is brittle at ordinary tem¬
pératures, and so tender above 200°C. that
it can readily be crushed to powder, it can be
rolled into sheet or drawn into wire at an inter¬
mediate température of about 100 to 150°. It
is a remarkable fact that the métal when so

treated retains its malleability in the cold. Zinc
was first rolled early in the présent century in
Birmingham, and rolled zinc now forms one of
the most important applications of the métal,
the greater part of the zinc produced in Europe
being used for this purpose. Commercial zinc
always contains more or less lead and iron,
together with traces of cadmium, arsenic, and
sulphur, the lead being volatilised with the zinc
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in the process of manufacture. Dr. Kosmann
lias also found comparatively large quantifies of
thallium in commercial zinc (Chem. Zeit. 10,762).
It is not generally known that the presence of
lead, which is objectionable in zinc to be used
for the manufacture of the best qualifies of
strong brass, is an advantage in zinc that is to
be rolled. As English zinc is generally nearly
free from lead, it is usual to employ this variety
for the production of alloys in which lead would
be objectionable, wliile Continental zinc is im-
ported for rolling. If the state of the market
renders it advantageous to roll English zinc, this
can be improved by the addition of a small pro¬
portion of lead. In addition to what is made
here, abont 20,000 tons of sheet zinc is annually
imported into the United Kingdom. The density
of zinc varies from 6-8 to about 7'2 according to
the mode of préparation.

When heated in the air much above its melt-
ing-point, zinc readily burns with a brilliant
greenish-white flame, producing the oxide (ZnO)
which condenses in a bulky flocculent condition
formerly known as ' philosopher's wool.' The
white fume produced when casting brass or other
zinc alloys that melt at a tolerably high tem¬
pérature consists of zinc oxide. Though zinc
is readily volatile, the oxide is fixed at ail ordi-
nary furnace températures. Zinc is not affected
by dry air atordinary températures, buttarnishes
superficially in moist air. The métal is also
not attacked by minerai lubricating oils, and of
ordinary animal oils it is attacked most by
sperm oil and least by lard oil (Eedwood, S. C. I.
5, 362). Zinc, both pure and commercial, dis¬
solves readily in alkalis and in nitric acid.
Pure zinc is unattacked by water at the boiling-
point, and is almost unaffected by ordinaryacids
either diluted or strong. Commercial zinc, on
the other hand, décomposés boiling water with
the évolution of hydrogen, and is readily attacked
by diluted sulphuric acid and by hydrochloric
acid either diluted or strong. Impure zinc when
amalgamated resists the action of acids exactly
like pure zinc, and hence the zinc plates used in
electric batteries are amalgamated so as to pre-
vent the loss due to ' local action.'

This différence in the behaviour of pure and
impure zinc towards acids has attracted much
attention from ehemists sinee the fact was first
pointed out by A. de la Rive in 1830. Among the
more recent observations on the subject are
those of Pullinger (C. J. 57, 815) and Weeren
(Ber. 24, 1785).

Pullinger's conclusions are as follows :—
Pure zinc with a perfeetly smooth surface is not
acted upon by dilute sulphuric acid that has been
previously well boiled ; pure zinc with a rough
surface is readily acted upon, but less by acids
that have been boiled than by those which have
not. The presence of oxidising agents sueh as
nitric acid, hydrogen peroxide, or electrolysed
sulphuric acid, increases the rate of dissolution,
while a reducing agent, such as hydriodic acid,
almost entirely prevents dissolution ; but re¬
ducing agents eontaining sulphur, such as sul-
phur dioxide, are without effect. It is not
improbable that when zinc with a rough surface
dissolves in dilute sulphuric acid the cause of
dissolution is persulphuric acid, which acts
catalytically, and in ail probability pure dilute

sulphuric acid would be without action upon
metallic zinc, whether the surface of the latter
be rough or smooth.

The solubility of impure zinc in diluted acids
has been generally explained on the supposition
that local electric currents are set up owing to
the presence of the impurities, while with pure
zinc no such currents are produced. Weeren,
however, shows (l.c.) that the insolubility of
pure zinc is due simply to the formation of a
layer of condensed hydrogen on the surface of
the métal, and thus the further action of the
acid is stopped. Oxidising agents remove this
film and assist dissolution ; while in impure
zinc the hydrogen, obeying ordinary electrical
laws, is evolved from the surface of the impuri¬
ties. The fact that dissolution is much pro-
moted by simply brushing the surface of the
métal, or by allowing the action to take place in
a vacuum, appears to afford strong support of
this view, which is also quite in harmony with
the fact that pure zinc dissolves much more
rapidly in boiling dilute sulphuric acid, when the
ebullition of the liquid removes any hydrogen
from the surface of the métal, than at 98° where
no ebullition occurs. Pure zinc with a rough
surface, as Pullinger has shown, dissolves much
more readily in diluted sulphuric acid than the
same métal when the surface is perfeetly smooth.
Weeren suggests from the above facts that the
différence in the action of diluted sulphuric acid
on pure and impure zinc is capable of a simple
mechanical explanation.

The question of the corrosion of zinc sheet
and pipes, and of articles coatedwith zinc, when
in use, is of great commercial importance. In
dry pure air, as for instance in parts far removed
from manufactories and towns, zinc roofing,
when properly attached, lasts almost indefinitely
with only a surface oxidation. But in the neigh-
bourhood of towns, and especially in the vicinity
of chemical manufactories, commercial zinc is
rapidly corroded and spoiled. The presence of
the slightest trace of free sulphuric or hydro¬
chloric acid in the drainage water is very preju-
dicial. The presence of copper in any form in
contact with zinc, should also be carefully
avoided. Thus Miiller has shown (Ding. 269,
280), that the zinc pipes which carried the
drainage water from the copper dome of the
royal castle at Brunswick, were rapidly attacked
and corroded, while similar pipes on the opposite
side of the same building were unaffected. The
explanation of this différence probably was that
in the presence of ammonia or of acids in the
atmosphère some copper was dissolved by the
rain water, and this copper being afterwards
deposited on the surface of the zinc, set up an
electric action resulting in the destruction of the
pipes.

The use of galvanised iron tanks for water-
eisterns has ledto much controversy, particularly
in the colonies, as to the effect of such storage
on the health of persons who drink the water so
stored. According to Bunte, the use of zinc-
coated iron water-pipes is not deleterious to
health, and this view is supported by Dr.
Ehmann, late director of the water supply of
Wiirtemburg, and by Dr. Boardman, of Boston
(S. C. I. 6, 557). But a strong feeling exists to
the contrary, and, after careful inquiry, the use
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of galvanised tanks for drinking-water has been
condemned in the British and French Navies.
From the well-known properties of zinc it might
be antieipated that some waters, which are either
slightly aeid or alkaline, would attack zinc
vessels, while other waters might be almost
without action. The presence of chlorides
would probably also be prejudicial. It is not
unlikely, therefore, that the différences in the
action of water on zinc cisterns as noticed by
various observers, is due in great measure to
the character of the water. It is, however,
certain that zinc or galvanised vessels should
not be employed with acid waters.

Zinc-dust is employed somewhat largely as
a reducing agent, and in the manufacture of
foeworks. It is obtained, mixed with more or
less oxide, in the distillation of the métal, or can
be produced by crushing the métal in a mortar
at a température somewhat below its melting-
point.

In castings zinc takes a very sharp impres¬
sion of the mould, and as it melts at a low
température, it has been used to a considérable
extent, especially in France, for the production
of statuettes and other objeets of gréât beauty,
which are afterwards usually coloured or bronzed.
The introduction of photo-engraving has also in
recent years led to the use of considérable
quantifies of sheet zinc of spécial quality.

Galvanising. An important application of
zinc, known as galvanising, was patented by
Crawfurd in 1837. The object of tire process is
to coat the surface of iron with a thin layer of
zinc, which protects the métal underneath from
oxidation. In this respect zinc acts more per-
fectly than tin, which is négative to iron ; in
the case of tin plates the protection only lasts
so long as the surface of the iron is covered with
tin, but as soon as any portion of the iron is
exposed to the action of the atmosphère oxida¬
tion proceeds more rapidly than in the absence
of tin. Zinc, on the contrary, is more positive
than iron, and thus, even though the coating of
zinc may be removed in places, the protection
continues so long as any zinc remains. Gal¬
vanised iron, however, cannot be used in con¬
tact with acids or alkalis, nor for the canning of
fruits, meat, &c., on account of the action of
vegetable acids and animal juices on the surface
of the zinc.

The opération of galvanising is not in any
way an electric process, as might be inferred
from its name, but is simply a method of coating
clean iron with zinc by immersion in a molten
bath of the latter métal. Numerous patents
have been obtained for suggested improvements
in galvanising since Crawfurd introduced the
process, particularly by Mallet and Morewood,
but the old process is still almost universally
adopted with a few improvements in détails for
saving of labour and the production of a better
surface with a smaller consumption of zinc.
Galvanising is eonducted principally in the
United Kingdom, and particularly in the
neighbourhood of Birmingham and Wolver-
hampton.

The iron to be galvanised is received in the
black state, coated with scale from the process
of manufacture. Sheets are close annealed (i.e.
annealed in large iron boxes, while carefully

protected from aecess of air) to render them
soft, but many other articles are treated without
annealing. The scale is next removed by piek-
ling in hydrochloric acid, which is used cold, or
nearly coid, and which is contained in stone
troughs. Tanks built of blue brick, set with
sulphur joints, are also frequently used for con-
taining the pickling acid. The strength of the
acid dépends on the character of the work ; for
wire 12 p.c. of real HC1 is sufficient ; for tubes,
buckets, and général work an intermediate
strength is best ; while for sheets about 20 p.c.
is generally used, and sometimes the undiluted
muriatic acid of commerce (26 to 30 p.c.) is em¬
ployed. By this method of working, pickling
is usually complété in a few minutes ; but on
the Continent, where aeid is dearer and economy
is necessary, a dilute pickle is used, the water is
heated, and the sheets are allowed to remain in
the pickle for about two hours. The scale
having been thus dissolved or loosened, the iron
is washed with water, and, if necessary, rubbed
with sand to complété the cleansing. The
molten zinc is contained in a wrought-iron pot,
the dimensions of which vary according to the
character of the work to be done, and which is
heated by means of a slow coke fire around the
sides and under the bottom of the pot. The
surface of the zinc is covered with powdered sal-
ammoniac, which acts as a flux, and when best
sheets are being treated it is usual to add about
2 or 3 p.c. of tin to the bath so as to assist
in the production of a crystalline appearance of
' spangle ' on the surface. In other cases re-
melted zinc, i.e. zinc containing some tin and
lead solder, is added to the bath for the same
purpose. In galvanising sheets also it is usual
to have a pair of rolls in the bath to guide the
sheet in its passage through the zinc and to
improve the surface. The consumption of zinc
can be somewhat reduced, and the surface con-

siderably improved, by the use of rolls or wire
brushes as the sheet leaves the bath. Kofller
and Breden (Eng. Pat. 12485,1885 ; and 16674,
1888) have patented the use of wire brushes for
this purpose ; while Heathfield (Eng. Pat. 10089,
1886 ; and 1682, 1890) has introduced brushes
which press evenly on the surface of the
sheet as it leaves the bath, and he also adds fine
wire brushes, together with improved rolls for
feeding in the sheets. Corrugated sheets form
a considérable portion of the trade ; these are
galvanised plain, and afterwards passed through
corrugating machines in the cold. In galvan¬
ising wire, it is reeled through the pickle trough
and the zinc-bath continuously, while netting is
woven in the black, and afterwards reeled like
wire. A continuous arrangement for this pur-
pose has been patented by Vibart (Eng. Pat.
14297, 1889). The proportion of zinc taken up
by the iron in galvanising varies considerably,
being as high as 25 p.c. with moderately small
wire, and less than one-fourth of this with
many articles such as anchors, chains, and
large elbows. In some galvanising works the
sheets are pickled with hot diluted sulphuric
acid, and the molten zinc is covered with zinc
chloride instead of ammonium chloride ; but
the process above described is in much more
général use.

The molten zinc gradually takes up iron
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during the galvanising prooess, and forms an
alloy which is heavier than zinc, and wliich
sinks to the bottom of the bath. This is re-

moved from time to time and cast in plates,
■which, when broken, exhibit a close-grained
fracture with black spots. This alloy is known
as ' hard zinc,' and contains from about 2 to 5
p.c. of metallic iron. It is usually re-melted at
a higher température, when it separates into
two portions, one being tolerably pure zinc. The
other portion is much less fusible, and forms a
crystalline or granular material of the colour
of zinc ; it is very friable, and frequently
exhibits surface colourations of great beauty.
In this form it is generally sold to the smelter,
and contains about 7'5 p.c. of iron, though ex-
ceptionally compounds are produced which con-
tain upwards of 25 p.c. of iron.

The ammonium chloride used as a flux in
galvanising is gradually lost during the process,
and fresh additions have to be made as re-

quired. This loss is doubtless due in part to
volatilisation of the sait itself, but also to a re¬
action which takes place, whereby zinc chloride
is formed and ammonia set free. It has recently
been proposed to collect the fume of ammonium
compounds evolved from the galvanising bath
by suitable exhausting arrangements and scrub-
bers in which the gases are washed by diluted
acid, and it is stated that such an arrangement
not only very much improves the atmosphère of
the manufactory, but actually yields a profit in
working.

The resuit of the action of the ammonium
chloride and of atmospheric oxygen on the
molten zinc during galvanising is the production
of a scum which is known as 'flux skimmings,'
and which is removed from time to time. This
material consists of chloride and oxide of zinc,
together with some chloride of ammonium and
dirt ; it is usually sold to the smelters. Heath-
field (Eng. Pat. 14411, 1885) has proposed to
dissolve the chlorides in water and deposit the
zinc electrically ; while Richards (Eng. Pat.
13982, 1885) dissolves the oxide of zinc, to¬
gether with the chlorides, in the minimum
quantity of hydrochloric acid, and after evapora-
tion electrolyses the eoncentrated solution of
chloride of zinc.

The eleetrolytie method has also been ap-
plied to the treatment of the zinc scum obtained
during desilverising,. and Rosing states (Ding.
263, p. 87) that this method is the most suitable
for the purpose of any process at présent known.
The powdered scum is spread on a lead plate at
the bottom of a wooden vat which is filled with
a solution of zinc sulphate. The lead plate acts
as anode, and when the current is passed, zinc
deposits on the cathode, and a corresponding
weight of zinc is dissolved from the scum.
When the surface zinc has been thus removed,
the residual mass is dried and heated to red-
ness in a cupellation furnace and again electro-
lysed.

The quantity of hydrochloric acid annually
used for pickling in the country is very great, as
a number of firms engaged in the galvanising
trade each require some thousands of tons of
commercial muriatic acid (26 to 30 p.c.) per
annum, but no statistics on this point are avail-
able. When the works are situated near the

sea the waste pickle is readily disposed of, but
the Midland manufacturers have during the last
few years met with increasing difficulty in
getting rid of their waste acid. The nuisance
has become intolérable, and costly litigation has
been undertaken by the local corporations to
enforce some efficient System of treatment.
Hitherto the usual System has been that of
neutralisation with lime and subséquent filtra-
tion, with or without subséquent roasting of the
fërrous precipitate, to convert it into red oxide
of iron. Turner has recently (Eng. Pat. 1889,
1890) introduced a method of recovering the
hydrochloric acid, and the process is now in
successful opération at three works in South
Stafiordshire. The waste liquor, which consists
of an acid solution of ferrous chloride, contains
slightly under 10 p.c. of iron and about 15 p.c.
of acid, chiefly in combination. The liquor is
allowed to trickle slowly into a fire-brick rever-
beratory furnace of spécial construction; this
is connected with condensers for the acid, which
are arranged in the ordinary way. A bath of
eoncentrated ferrous chloride solution is main-
tained in the furnace and thus prevents leakage,
as the saturated solution penetrates any crack,
and solidifies in coming in contact with the cool
exterior of the furnace." The ferrous chloride
is more strongly heated near the firebridge, and
décomposés thus :

2FeCL + 2H..0 + O = 4HC1 + Ee203-
Hydrochloric acid is thus recovered and used
over again, while the ferrie oxide is raked out
of the furnace and used as fettling in the
puddling process. The fuel consumption is
about 4 cwt. of gas coke per ton of waste
liquor treated.

When sulphuric acid is used for pickling, the
solution is evaporated and crystallised to pro¬
duce copperas (commercial ferrous sulphate),
for which there is a limited demand. In a feiv
instances the copperas is afterwards decomposed
by heat for the production of rouge, and other
varieties of bright-red ferrie oxide.

Alloys of Zrac.
Zinc readily unités with most metals when

the température is sufficiently raised to insure
fusion. The binary alloys of zinc are generally
white, crystalline, brittle materials, of limited
importance. These alloys are usually of uniform
composition ; with lead and with bismuth zinc
unités at a température above its melting-
point, but the alloys separate on cooling into
two distinct layers, the upper layer in each case
consisting of nearly pure zinc. The most im¬
portant sériés of binary alloys of zinc is the
copper-zinc (or brass) sériés, which is separately
described.

With antimony, zinc readily unités in ail
proportions ; the resulting alloys are brittle,
and exhibit a close-grained, dark-grey fracture
when much antimony is présent; when anti¬
mony is in excess, the surface of the alloys
readily tarnishes during the process of casting,
and the ingot becomes coated with a dark-grey
crust of oxide. When the constituent metals
are présent in about equal proportions, surface
colourations of great beauty can be obtained by
oxidation, the tints obtainable including yellow,
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green, red, purple, and blue. A small propor¬
tion of antimony renders the surface colour of
rast zinc distinetly more blue than usual, and
with care the presence of 05 p.c. of antimbny
can be readily detected by this test. The usual
colour of the surface of ingots, of equal parts of
antimony and zinc, is a bright sky blue, and
the alloy lias the peculiar property of writing
upon glass (Turner). Antimony zinc alloys are
readily fusible, and in this respect the influence
of antimony is quite différent from that of
arsenic or phosphorus, both of which raise the
melting-point of zinc. Zinc antimony alloys
have met with an application for the production
of thermopiles, for which purpose they are well
Buited.

With bismuth, zinc unités when the metals
are melted together, but on cooling the alloy
separates into two layers, the upper consisting of
zinc containing 2-4 p.c. of bismuth, while the
lower layer consista of bismuth containing 8-6
to 14-3 p.c. of zinc. With gold, zinc forms a
sériés of alloys which are pale yellow, with
excess of gold, and greenish as the proportion of
zinc increases ; ail these alloys are more or less
brittle. In the production of jewellery part of
the copper used in the préparation of the gold
alloy is often replaced by brass, as the colour of
theresulting gold can be th us improved, while
the cost of the alloy is slightly reduced. The
presence of much zinc renders the gold hard
and difficult to work, and as the zinc is volatile
at high températures this alloy is not suitable
for use where the article has to be reheated
during manufacture.

With iron, zinc forms a sériés of alloys
which are generally white, hard, and brittle.
With not more than 5 p.c. of iron the alloys are
close-grained and darker in colour than pure
zinc ; such alloys are produced in the process of
galvanising, and are known as 'hard zinc.'
With more iron the character of the alloy varies
according to the metliod of préparation. The
ferriferous residue left on liquating ' hard zinc '
is very friable, and readily erushesinto a coarse
dust, consisting of bright flakes or spangles ; on
the other hand, the material obtained by fusion
is compact, white, hard, and brittle. The alloy
of zinc and iron obtained by saturating zinc
near to its température of volatilisation with
iron, is not attracted by a ruagnet ; it does not
rast, nor give sparks by friction or blows. It is
dense in structure, but is only semi-metallic in
fracture, and contains about 22 p.c. of iron.
These alloys have a somewhat important appli¬
cation in the préparation of ' delta métal,' and
also of Aich, sterro, and Gedge's métal, ail of
which are yellow brasses containing about 60 p.c.
of copper and nearly 40 p.c. of zinc. The ad¬
dition of iron to these brasses, first suggested
by Keir in 1779, imparts spécial hardness,
toughness, tenacity, and wearing properties,
whiie the alloy can be rolled either hot or cold,
and the coristituents of the mixture are rela-
tively cheap. The proportion of iron présent
usually varies from about J to 4 p.c., according
to the purpose for which the alloy is to be
applied. The necessary zinc-iron alloy can be
prepared by one of the following methods :

1. By immersing clean iron wire, or sheet,
in a bath of molten zinc heated to near its

boiling-point. The addition of a little chareoal
and sonie solid ammonium chloride assists the
action. Where the presence of a little tin in the
alloy is not objectionable (as for sterro-metal)
a convenient method is to employ elean tin-
plate scrap ; the coating of tin readily unités
with the zinc and leaves a clean surface of
iron exposed to the action of the molten
métal.

2. In order to reduc.e the waste of zinc
usually aecompanying the production of such
alloys, a zinc of high boiling-point may be
advantageously used in some cases. Bull (Eng.
Pat. 4080, 1888) has proposed the addition of
phosphorus or arsenic for this purpose, while
the addition of a little copper to the zinc assists
the action without the introduction of any in-
jurious constituent.

3. Alloys rich in iron can also be obtained
by liquating the ' hard zinc ' from galvanising
works, and heating the ferriferous residue
strongly in a closed crueible. The excess of
zinc is volatilised, and the percentage of iron
increases with the température employed. The
alloys actually used in practice contain from
about 7 to nearly 30 p.c. of metallic iron.

With lead, zinc readily combines when the
two metals are melted together, but on cooling
the mixture, or allowing it to remain at rest, the
zinc colleets as a layer at the upper surface,
while the lead is found at the bottom of the
mass. The metals are, however, neither quite
pure, for the lead on cooling retains 1-6 p.c.
of zinc, while the zinc retains 1-2 p.c. of lead
(Percy, Metallurgy, 90). These proportions vary
somewhat according to the method of treatment.
Thus E. Krant has examined the behaviour of
zine containing lead on remelting (S. C. X. 5,
537). The sample was melted, well mixed, and
a quantity removed and granulated. The resi¬
due was allowed to eool slowly, and the top,
middle, and bottom of the mass separately
analysed. The top contained 0-943 p.c. of lead,
the middle 2-847 p.c., and a small quantity at
the bottom as much as 4-121 p.c. ; while the
original zinc only contained 1-543 p.c. of lead.
In these experiments only 2 kilos of métal
was employed, and on the large scale the
séparation of the two metals is still more com¬
plété.

The rolled zine of commerce is a nearly
saturated solution of lead in zinc, and usually
contains about 1 p.c. of lead. An excess of lead
injuriously atïects the rolling properties ; hence
it is usual when rolling Continental zinc to re-
melt it in a reverberatory furnace with an
inclined bed. The métal is allowed to remain
fluid at a température a little above its melting-
point, and the zinc is ladled off from the top
from time to time. The excess of lead separates
and colleets as a layer in the lower end or
'

sump ' of the furnaee, beneath the zinc, and is
removed at suitable intervais.

On strongly heating lead-zinc alloys, the
excess of zine is at first volatilised, but as the
température rises both lead and zinc distil over
together. This çurious volatility of lead in the
presence of zine is doubtless the cause of the
occurrence of lead in commercial zinc, obtained
from ores containing lead. The presence of a
small proportion of zinc in commercial lead
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communicates hardness and allows the lead to
receive a good polish without destroying its
malleability.

With mercury, zinc readily unités to form a
sériés of white brittle amalgams which become
pasty when mercury is in excess. Zinc amal¬
gams are easily obtained by mixing mercury
with molten zinc, or by adding zinc to mercury
heated nearly to its boiling-point. Zinc plates
for galvanie batteries are coated with mercury
by first cleaning the surface of the zinc with
dilute sulphuric acid and then rubbing the mer¬
cury over the clean surface. An amalgam of
zinc and tin is used on the rubbers of frictional
eleetrical machines. On the literature of zinc-
amalgams v. 8. C. I. 9, 512.

With silver, zinc does not very rapidly unité
at the melting-point of the latter, but at higher
températures the metals readily combine, form-
ing a sériés of alloys whicli are whiter than
zinc, and the use of which has been proposed
for coinage and other purposes. With 5,10, or
20 p.c. of zinc, silver forms white ductile alloys,
which can be rolled like standard silver, and
which are more fusible than the correspond-
ing copper alloys (Percy, Gold and Silver,
169-171).

With lin, zinc readily unités in ail propor¬
tions, the resulting alloys being generally harder
than tin but softer than zinc. The colour of the
alloys is in ail cases white, and the fracture is
crystalline, though its appearance varies with
the mode of préparation. The alloys of tin and
zinc are not quite uniformin composition, as the
tin tends to separate and collect at the bottom
on cooling. Tin zinc alloys are used for cast-
ings of patterns for ornamental purposes. A
detailed description of these alloys, based on the
work of Guettier and Budberg, is given in
Hiorns' Mixed Metals, 249-253.

German Silver, Brass, &c.
In addition to the binary and other zinc

alloys above mentioned, zinc enters into the
composition of a number of alloys containing
three or more metals, of which the following are
the most important.

German silver (also known as Nickel Silver,
Packfong, White Copper, Eleetrum, Nevada
Silver, &e.) consists of copper, zinc, and nickel.
It is an alloy of white, or nearly white colour,
of high tenacity, and capable of being cast,
rolled, spun, and otherwise worked. One of its
most important properties is its relative per¬
manence in the air, and this has led to the use
of the alloy on a very extensive scale. It
usually contains about 60 p.c. of copper, the
proportions of zinc and nickel varying according
to the price and use of the alloy ; the zinc is
seldom îess than 14 or more than 30 p.c. of the
whole. For castings a little lead is frequently
added. Generally an alloy of about equal
weights of zinc and nickel is first prepared, and
to this ' temper ' the necessary quantifies of
copper and brass are added to give the required
composition. A good description of the copper-
nickel-zinc alloys will be found in Hiorns' Mixed
Metals, 235-248.

Part of the tin in gun métal and in bcaring
métal is frequently replaced by zinc, as it is
found that the density and wearing properties

of the alloy is thereby increased (v. Brome,
art. Tin). For the same reason the bronze
coinage of this country contains 1 p.c. of zinc.
Zinc is also présent in some varieties of alumi¬
nium bronze, and in phosphor bronze, man¬
ganèse bronze, and other similar alloys. The
' Biddery Ware ' manufactured in India usually
contains about 90 p.c. of zinc together with
copper, lead, and tin in différent proportions.

Copper alloys—Brass. History.—Although
the word brass frequently occurs in the Old
Testament, there is little evidence that an

alloy of zinc and copper was known in these
early times, unless, indeed, the suggestion be
accepted that brass was sometimes accidentally
produced in the manufacture of copper. The
word translated ' brass ' might equally well be
rendered copper or bronze, both of which were
in common use for a considérable period be-
fore the introduction of copper-zinc alloys (v.
Bronze, art. Tin).

There is abundant evidence, however, that
brass was known to the Bomans about the be-
ginning of the Christian era ; that it was used
for coinage purposes, and that it formed one of
the yellow alloys known as orichaleum, The
analytical and historical evidence on these points
have been admirably summarised by Dr. Percy
(Metallurgy, i. 518-528). In the middle âges
the Germans were famous for the production of
brass, which was imported into this country
chiefly in the form of sheet or latten, which was
employed for the ' brasses ' of churches, particu-
larly in the Eastern counties. Over 4,000 such
brasses are known to exist in various churches
&c. in the United Kingdom, which is far richer
in this respect than any other country. The
first brass manufactory in England is stated
to have been erected by a German in Surrey
about the middle of the seventeenth century.
Brass works were started in Bristol in 1702 ;
while the first works for mailing brass in Bir¬
mingham (now the centre of the brass trade)
were erected about 1740 by Turner. Up till the
middle of last century the only method used in
the production of brass was the calamine, or
cémentation, process, in which copper, in the
form of bean shot or sheet, was heated in cru-
cibles in contact with calamine and carbon, with
the resuit that zinc was liberated and volati-
lised, being afterwards absorbed by the copper.
The brass thus produced was then melted down
and cast. This process was slow and laborious,
and only yielded a brass tolerably rich in copper.
In 1781 James Emerson patented the direct pro¬
duction of brass from copper and zinc, though
there is evidence that the method had been pre-
viously used to a limited extent. The calamine
process has been gradually superseded by the
direct method of production, so that the last
calamine brass works in this country was closed
about 1850. Some of the most important factors
in the development of the brass trade have been
the introduction of rolling mills in the early part
of last century, with the subséquent application
of powerful machinery ; the application of the
slamp and die in 1769, whereby articles were
produced more rapidly, with better finish, and
with less métal than by the old process of cast-
ing ; the introduction of gas fittings in the early
part of the présent century; the use of brass
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and copper tubes in locomotives and marine
engines ; the introduction of yellow métal
sheathing ; and the extended use of engineers'
hvass work and steam and water fittings. These
and many other circumstances have resulted in
an enormous development of the brass trade
during the last half-eentury, so that it is believed
tbere are employed at présent in the brass trade
of Birmingham alone over 30,000 persons (maie
and female), while the consumption of métal is
valued at 2J millions sterling. Owing to the
relatively low price of copper in recent years
the value of the métal used has remained about

stationary, while the actual weight used bas
nearly doubled between 1865 ànd 1890. The
price of common castings in brass has been re-
duced frorn 11 d. per pound in 1865 to 7$d. in
1890 ; while the average wages, particularly of
the ordinary workman, have considerably in-
creased. An interesting pamphlet of 42 pages,
entitled ' A Short History of the Brass Trade,'
has been issued by Mr. J. W. Davis, secretary to
the National Brass Workers' Association, since
the above was written. V. also Ency. Brit., art.
'Brasses'; Thompson, Hist. of Chemistry, i. 55,
62, &c. ; Midland Hardware District, 226-240 ;
Percy, Metallurgy, 504 ; Holzapffel's Mechanical
Manipulations, 312 ; TJseful Metals and their
Alloys, 566.

General properties of zinc—copper alloys.—
Zinc and copper unité in ail proportions, the
resulting alloys being of remarkably uniform
composition throughout the mass (Laurie, C. J.
53, 106 ; 55, 677). The experiments of Tilden
S. C. I. 9, 84) also show the great uniformity in
composition of commercial sheet brass, though on
the other hand Hiorns (Mixed Metals, 107) gives
analyses showing the copper to be less at the top
than at the bottom of ingots of cast brass. The
alloys containing upwards of 80 p.c.of copper are
red or red-yellow in colour ; those containing
less than 48 p.c. of copper are grey or white;
the intermediate alloys are yellow. The hardness
of the alloys is usually greater, while the melt-
ing-point is lower, than that calculated from the
mean of the constituents. The addition of zinc
to copper produces remarkable altérations in the
working properties of the product, varying, how-
ever, with tlîe proportion of zinc présent. Thus,
pure copper can be rolled hot or cold, though in
the latter case fréquent annealing is neeessary,
and rolling hot is much cheaper and more
expeditious. The addition of only a trace of zinc
renders copper incapable of being rolled when
hot, though it does not interfère with the malle-
ability of the métal when cold. Hence ail alloys
which contain from about 62 to 100 parts of
copper p.c., and the residue zinc, cannot be rolled
hot, but, when neeessary, are rolled cold with
repeated annealing. But alloys with about 60
p.c. of copper can be rolled either hot or cold,
and the cost of production is thus reduced.
These alloys are, however, less ductile and tough
than those which contain more copper, and are
only suitable for use when moderate strength
and toughness are required. The alloy of 60
parts of copper and 40 of zinc was patented by
Muntz for the production of sheathing for
wooden ships, and is now largely prepared
under the name of 'yellow métal,' for the
production of the cheaper varieties of brass

sheet, tubes, and wire. The standard size of
yellow métal sheets is 14 by 48 inches, and the
thickness is returned according to theBirmingham
métal gauge. Alloys containing about 50 p.c. of
copper are light yellow in colour ; but cannot be
rolled either hot or cold. The chief application
of alloys containing rather more than half their
weight of copper is for the production of solder
for use with copper, brass, &c. These alloys
form what is usually known as ' hard ' solder,
in contradistinction to lead-tin alloys or ' soft '
solder. But in the brass trade différent varieties
of solder are used, containing from about 49 to
56 per cent, of copper, according to the tempéra¬
ture to be employed. The solders containing
more copper are called ' hard,' and those with
more zinc ' soft.' The solder most commonly
employed contains about 51 p.c. of copper, and
is usually sold in the form of powder, which is
prepared by heating a mass of the alloy to a
température just below its melting-point, when
it is struek a sharp blow with a mallet. At
this température the alloy i3 very friable, and
readily crumbles into powder when treated as
above described.

With more than 50 p.c. of zinc the alloys
lose their yellow colour and become white,
brittle, and more fusible. Though ail these white
alloys are brittle when hot or when cold, they
can usually be laminated at 3ome intermediate
température, and in this respect they resemble
zinc. This proper température varies according
to the proportion of copper présent, being as low
as 150° in zinc, and at aredheat, probably about
600°C., in yellow métal. As the copper increases
beyond 60 p.c., as before explained, brass can no
longer be rolled hot, but is laminated in the cold
with repeated annealing.

According to Mallet (Construction of Artil-
lery, 82), the alloy CuZn„, containing about 33
p.c. copper and 67 p.c. zinc, is used for watch-
makers' brass, and possesses the greatest tena-
city of the whole sériés. This statement has
been copied into ail the well-known works on the
subject, but it is evidently an error. Laurie has
shown by his investigations on the electro-motive
force of zinc-copper alloys (see above) that only
one definite alloy exists in this sériés. This
compound is white, hard, and brittle, and cor¬
responds very closely in composition to Mallet's
alloy above mentioned. Ail other zinc-copper
alloys may be considered as solidified solutions
of this definite compound in excess of one or
other of the constituent metals. The definite
alloy itself is hard, brittle, and of little or no
practical value ; but by its union with various
proportions of copper, which alone is too soft, a
whole sériés of alloys is obtained which possess
most valuable and wonderfully graduated pro¬
perties.

The following classification of the commer¬
cial varieties of brass, based upon the method
of manufacture and proportion of copper, will
serve as a général guide to the composition of
these alloys ; though for various reasons the
proportions of the constituents are liable to
some variations according to the requirements
of the trade.

Cast brass. Ail brass is now made by melt-
ing together copper and zinc, but the term
'cast brass' is applied when the article to be
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made receives its formin the mould, and does not
require to be àfterwards rolled, drawn, hammered,
or spun. For this purpose tlie charge is melted
in clay crucibles, which usually contain about
90 lbs. of métal, and which are heated in small
wind furnaces by coke. Generally eaeh furnace
contains but one pot, but sometimes two or four
pots are placed in a single furnace, which is
made proportionately larger in such cases.
Sometimes also plumbago crucibles are employed,
but as a rule in Birmingham clay crucibles are
used for brass, and plumbago for bronze castings.
In practiee it is necessary to add a quantity of
scrap brass to the charge, and this is generally
introdueed firstinto the red-hot crucible together
with a small quantity of flux, which is added to
remove the oxide and dirt adhering to the scrap.
When only new métal is used the flux is either
much reduced or altogether omitted. The fluxes
most commonly employed are ground fluor spar,
together with more or less glass, and sal enixum
or acid sulphate of potash. When the scrap is
hot the copper is charged into the crucible,
usually in the form of ingots, though occasion-
ally bean shot copper is used. After the copper
Iras thoroughly melted, the zinc is cautiously
added in as large pièces as possible. The use of
large pièces of zinc reduces the loss, and mode-
rates the violence of the combination. In any
case considérable beat is produeed by the union
of zinc and copper, and some of the zinc burns
with a dazzling brillianey. After allowing the
crucible to remain in the furnace a short time
to allow the métal to become sufîïciently fluid, it
is poured into moulds, which for cast brass are
generally of ' green ' sand. While the brass is
hot, zinc gradually volatilises and burns at the
mouth of the crucible, forming zinc oxide ; this
produces the white fume which fills the casting
liouse while the métal is being poured, and as a
protection against the deleterious effects of in-
lialing the fume it is customary for the woi'kman
to keep his mouth and nostrils covered with a
cloth. When the métal bas set, the castings are
turned out and dipped while warm into water,
which détachés most of the adhering sand ; the
processes of dressing, grinding, polishing, dip-
ping, and burnishing are necessary to give the
required surface, while the finished article is
laequered to preserve it against atmospheric in¬
fluences. The proportion of copper in cast brass
varies considerably according to the purpose for
which it is required ; in some cases cheapness is
of prime importance, in others the métal must
' dip ' well when immersed in acid, while not
unfrequently the shade of colour of the result-
ing alloy is of the utmost moment. Best cast
brass generally contains from 70 to 75 p.c. of
copper ; ordinary good English brass 66-6 p.c.
(i.e. 2 of copper to 1 of zinc) ; while common
cast brass contains about 62 p.c. of copper. A
little lead is generally added in preparing cast
brass ; this gives sounder castings and produces
a métal which turns much better in the lathe
than ordinary brass. Although not unfrequently
as much as 2 p.c. of lead is added to the charge,
most of this is removedby oxidation and usually
only about 0'3 to 0'5 p.c. remains. The loss of
métal in melting and casting is usually about
5 p.c., but this is greater when much small scrap
is used. It may be added that in the prépara¬

tion of cast brass it is not so necessary to insure
the absence of very small quantifies of metals
such as antimony, bismuth, and silver as is the
case when the alloy lias afterwards to be rolled
or drawn. When spécial duetility or malleability
is required in the final product, it is of the
utmost importance that the purest obtainable
materials should be employed.

Sheet brass. Probably the most important
application of brass is for the production of
sheets, as sheet brass is not only needed for a
multitude of useful and ornamental purposes
itself, but it forms the starting-point for the
manufacture of the greater part of the brass
wire and tubing that is dealt with in com¬
merce.

For the production of ' yellow métal ' it is
customary in the neighbourhood of Swansea,
and occasionally elsewhere, to préparé the alloy
by melting copper on the bed of a small rever-
beratory furnace and adding the requisite quan¬
tity of zinc. But in preparing other varieties of
sheet brass it is usual to employ clay crucibles
heated in coke fires as deseribed for cast brass.
The crucibles are, however, generally somewhat
larger, and hold about 120 lbs. of métal. In
either case the alloy when melted is cast in iron
moulds into flat bars, varying in size, but of
which one about 4^ in. x 4 in. x 90 in. may be
taken as an example. These are known as
' strips ' and the opération is known as 1 strip
casting.'

The strips are then ' broken down ' by being
passed eold through a pair of rolls, the opération
being repeated as often as the métal will allow.
ïlie work done upon the métal soon causes it to
become hard, and if the rolling were continuel
the strip would readily develop cracks. To ob-
viate this the métal is annealed at a red heat
and the surface is cleaned from oxide by pickling
in dilute sulphuric acid. After washing with
water, the opérations of rolling, annealing, pick¬
ling, and washing are repeated, in order, until
the desired shape and thickness are obtained.
Turner has recently shown (C. N. 63,227,64,143)
that the use of impure washing water containing
chlorides leads to the production of copper-red
stains and smears, on the surface of the finished
brass, which are a cause of fréquent loss and
trouble. As sheet brass is used for so many
purposes, its composition varies over a wide
range, extending in fact from a mere trace to
40 p.c. of zinc.

Since the duetility of the alloy increases with
the proportion of copper, alloys such as best red
brass, gilding métal, and. percussion-cap métal
contain from 80 to 96 p.c. of copper. Dutch
métal contains 80 to 85 p.c. ; Prince's métal, 75
p.c. ; best English sheet brass, 70 to 72 p.c. ;
ordinary, 66-6 p.c. ; common, 63 p.c. ; and yellow
métal, 60 p.c. As already explained, this last
alloy, though somewhat déficient in duetility and
toughness, possesses the great advantage that it
can be rolled either hot or cold. White métal
alloys are used in the form of sheet to a limited
extent, and these contain less than 50 p.c. of
copper. The cheaper alloys, rich in zinc, do
not ' stand the fire ' so well in soldering, and it
is not usual to solder anything containing less
than 60 p.c. copper. Even with this composi¬
tion a spécial soft solder has to be employed,
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wliile red brass stands the fire best, and can be
used with tbe hardest solder.

Brass wire is made from sheet brass, the
I sheét of suitable thickness being slit into

thin strips by cutters, and the strips are then
clrawn into wire at the draw bench. The chief
varieties of wire arranged in order of ductility
are as follows:—Red métal, Prince's métal,
ordinary, common, and yellow métal. The first
two of these were formerly used in the button
trade, as in soldering on the shanks with liard
solder they ' stood the fire ' well. The other
varieties can ail be soldered with suitable
solder of low melting-point, but the difflculty
of soldering increases with the proportion of
zinc.

Brass tubes. There are two principal
methods of produeing brass tubes. By the
original process, which is still largely employed,
sheet brass of the required composition and
thickness is eut into strips of the necessary
length ; the strips are then drawn through a die,
which imparts a circular shape, and the edges
are soldered together by the use of powdered
solder and borax made into a cream with
irater. Small tubes are soldered by being drawn
through a small furnace fired with small coal or
coke, but large tubes are now generally united
by the use of a gas blowpipe, which gives a
local and easily regulated heat. In the second
and more modem method of manufacture brass
tubes are solid-drawn, and thus the opération of
soldering is dispensed with. This process is
chiefly employed for large tubes and for tubes of
spécial quality, as the soldered joint in tubes
made in the ordinary way is always more brittle
than the rest of the material. For solid-drawn
brass tubes a short hollow cylinder of métal is
cast in suitable moulds, and by drawing on a
mandril, with fréquent annealings, this hollow
cylinder is gradually elongated to the required
dimensions. Ornamental patterns on brass tubes
vvhen parallel with the length of the tube are
produced by passiug the plain tubes through a
set of suitably arranged rolls, on the surface of
ivhich the desired pattern is eut.

But when the pattern is of a spiral form it
is usual to draw the plain tube through a die of
the requisite shape, arrangements being made
for eitlier tbe tube or the die to rotate during
the opération. Best drawn tubes for locomotives
and similar purposes contain 70 to 72 p.c. of
copper; the composition of other tubes varies
according to the quality of the sheet brass used
in the process of manufacture.

Gokmring of brass. A considérable propor¬
tion of the goods originally made of brass are
so coloured before passing into commerce that
the. tint of the métal itself is no longer to be
recognised. Tbe most important applications
of colouring are the following :—Bronzing in
various shades, such as black, grey, red, green,
4c. ; lacquering in many shades ; and bright
colouring with higlily coloured, transparent
lacquers. These processes of colouring may be
divided into two classes according as to whether
they are conducted before or during the opération
of lacquering.

As lias been pointed out by Lowenherz, a
variety of shades of colour can be obtained by
carefully heating bright clean brass to definite

and regulated températures. These colours so
produced are formed in the following order :
1. Orange yellow. 6. Rose-red gold.
2. Clear golden yellow. 7. Violet-rose red.
3. Orange gold. 8. Clear rose.
4. Dark gold. 9. Steel white.
5. Brown gold.

Some of the colours are of great iirmness
and beauty, and the process is full of promise
for spécial purposes, but has not hitherto been
successfully adopted on any considérable scale.

The methods of bronzing, applied before
lacquering, include the following :

Copper bronzing. To develop a copper-
coloured surface on brass the métal may be
cautiously rubbed with hydroehloric acid, or, still
better, it may be immersed in a slightly acid
dilute solution of copper nitrate until the desired
depth of colour is obtained. To produce a
dark copper-bronze colour, treat as above, and
blacken the surface with plumbago before
lacquering.

Grey bronze. A cheap grey bronze is pro¬
duced by rubbing with plumbago and using a
nearly colourless lacquer. A more permanent
grey bronze is produced by the use of a solution
of arsenic trioxide in hydroehloric acid ; the addi¬
tion of iron salts improves the effect. For com -

mon work, which is not soldered, an aqueous
solution of mercuric chloride rendered acid with
vinegar is frequently used.

Black bronze. The very beautiful and per¬
manent black bronze used for mathematical and
scientific instruments is produced by the applica¬
tion of a dilute aqueous solution of platinum
perchloride which was introduced for this pur-
pose about the year 1800.

Green bronze. A cheap green bronze which
was formerly mueli in favour was obtained by
the use of plumbago followed by a transparent
yellow lacquer.

Ordinary lacquer is a solution of shellac in
proof spirit, but other gums and solvents are
also used. A colourless ' dip ' lacquer (i.e. one
in which the articles may be dipped, instead of
the lacquer being applied by means of a brush
to the warm surface as usual) is made by dis-
solving nitro-cellulose in amyl-acetate. For
ordinary purposes many shades of lacquer from
colourless, through yellow, to brown are regularly
employed. For the cheaper kinds of bronzing
spécial bronze lacquers of a variety of colours
are used ; and in addition richly coloured trans¬
parent lacquers of numerous shades are pro¬
duced for the manufacture of brightly coloured
thin sheet métal for ornamental purposes. In
this branch of manufacture the use of aniline
derivatives has led to numerous recent improve-
ments.1 T. T.

Zinc oxide ZnO. This substance, the nix
alba, ' philosophical wool,' or ' flowers of zinc '
of the alchemists, the tutia or pompholyx of the
ancients, is known in commerce as ' zinc-white,'
and is prepared by burning zinc and leading the
fumes into tubes or ebambers, where it con¬
denses. It is occasionally found crystallised in
zinc- and brass-melting furnaces, and occurs
native in orange-yellow hexagonal crystals ;

1 Since the above was written, Hiorns has published a
useful liandbook on Métal Colouring.
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similar herpimorphous pyramids, of sp.gr. 5-7S2,
may be obtained by heating the nitrate (Brugel-
mann).

Zinc white is used as a paint instead of white
lead, and for pharmaceutieal purposes. The
zinc oxide of pharmacy is prepared either by
burning the métal or by precipitating zinc sul-
pihate with a hot solution of sodium carbonate,
and heating the dried carbonate to expel carbon
dioxid'e.

Zinc oxide is a white powder of sp.gr. 5-6,
which, on heating, becomes lemon-yellow, but
on cooling again becomes white. When strongly
heated in the oxyhydrogen fiame it ernits an
intense white light, and is seen to phosphoresce
when cooled in the dark. The character of the
light emitted by incandescent zinc oxide has been
examined by E. L. Nichols and B. W. Snow
(P. M. [5] 32,420, and [5] 33, 19).

Zinc chloride ZnCl2, the oleurn lapidis cala-
mina/ris of Glauber, who first described it in
1048, maybe prepared in theanhydrous state by
distilling zinc oxide with sal-ammoniac, forming
the ' butter of zinc ' of Hellot ; by distilling zinc
with corrosive sublimate (Pott) ; by the action
of chlorine on the métal (Westrumb), or by
heating dehydrated zinc sulphate with calcium
chloride (Persoz).

Anhydrous zinc chloride is a greyish white,
wax-like substance, of sp.gr. 2-75; it melts at
about 110°, and may be sublimed or distilled
unchanged. It is very déliquescent, and is
readily soluble in alcohol and ether. It is em¬
ployed in the laboratory to remove the elements
of water from organic substances.

On the large scale it is usually obtained by
placing scrap zinc in a stone, cast-iron, or
wooden vessel containing hydrochloric acid.
The solution is neutralised with sodium carbon¬
ate, warmed to 40° or 50°, and mixed with bleach-
ing powder to precipitate iron and manganèse.
The elear zinc chloride solution is siphoned off
and boiled down in enamelled iron pots. The
evaporatiôn is continued until the liquor is
heated to 230° or 240°C., a little potassium chlor¬
ate is added to oxidise any organic matter, and
some pure hydrochloric acid carefully poured
into the hot solution to dissolve any basic sait.
The mass is then allowed to solidify, the agita¬
tion being kept up ail the time, and while still
warm it is packecl in iron drums of 30 to 50 kilos
capacity, which are at once closed air-tight.

Zinc chloride cornes into pharmacy in the
form of rods or tablets. It is a powerful caustic,
distinguished by its property of burning deeply
and not- spreading sidewise, like many others.
It is applied in substance, or made into a paste
with starch or gypsum, to cancers, sloughing or
unhealthy sores, and nœvi (Lauder Brunton). A
solution of zinc chloride, in the proportion of
1 lb. of the sait to 5 gallons of water, was
patented by Sir W. Burnett (No. 7747, 1838)
lor the préservation of timber, and such a solu¬
tion is still oecasionally used for disinfecting and
deodorising.

Zinc chloride is also employed for weighting
cotton goods. A solution of sp.gr. 1-7, boiled
with excess of oxide, forms an oxychloride
ZnCl2.3Zn0.4H20, which dissolves silk, and may
be used for separating this fibre from wool.
Zinc oxychlorides are also used as pigments, as

cements, and for making artificial teeth. Solu¬
tions of zinc chloride were also employed by
Mereer for treating cotton in the opération of
' mercerising ' (v. Cellulose).

A solution of zinc ammonium chloride is
used in soldering for the purpose of removing
oxide from the surface of the metals.

Zinc bromide ZnBr2 is readily made by
digesting granulated zinc with bromine water.
It resembles the chloride, and is used to a
small extent in medicine in the treatment of
epilepsy.

Zinc iodide Znl2 is also employed in medi¬
cine, as an application to enlarged tonsils and
in the form of ointment to reduce swellings. It
is also administered internally in cases of
scrofula, chorea, and hysteria. It has found a
limited application in photograpliy. Eor prépara¬
tion V. IODINE.

Zinc sulphate ZnS04. This sait appears to
have been first described by Basil Talentine
under the name which it still bears, of ' white
vitriol,' although it is probable that it was
known long before his time. It was obtained, on
a manufacturing scale, as far back as the 16th
century, by lixiviating roasted zinc sulphide by
means of water, and crystallising the solution—
a method still practised. Native-zinc sulphate
or goslarite is oecasionally found in zinc mines,
being probably formed by the oxidation of zinc
sulphide.

Zinc sulphate separates from its solution at
the ordinary température in right rhombic
prisms, isomorphous with magnésium sulphate,
and of the composition ZnS04.7H20 ; sp.gr.
1-964 (Thorpe and Watts). It has a strong
metallic styptic taste, and effervesces slightly in
dry air. According to Poggiale, 100 parts of
water dissolve the following amounts of zinc
sulphate at différent températures :—

ZriS0,.7Iï30 Anhydrous sait
10° . . 138-2 . . 48-3
20° . . 161-5 . . 53-1
30° . . 191-0 . . 58-5
50° . . 263-8 . . 68-7

100° . . 653-G . . 956
The solution has an acid réaction and is

poisonous. The sait is insoluble in absolute
alcohol.

A hexhydrated sait ZnS04.6H20 is obtained
by crystallising the solution at 40° ; sp.gr. 2-072
(Thorpe and Watts) ; a pentahydrated sait
ZnS04.5H20 by boiling the sait with alcohol of
sp.gr. 0-825 (sp.gr. 2-206 Thorpe and Watts) ; a
dehydrated sait by pouring a cold saturated
solution of zinc sulphate into strong sulphuric
acid, and washing the precipitate with absolute
alcohol until free from uncombined acid ; sp.gr.
2-958 (Thorpe and Watts). The monohydrated
sait is formed by heating the heptahydrated sait
to 110° until it ceases to lose weight ; sp.gr.
3-284 (Thorpe and Watts). The anhydrous sait
is obtained by heating the heptahydrate to 300° ;
sp.gr. 3-62 (Thorpe and Watts). At a red heat
ail the sulphates are decomposed, yielding a
residue of zinc oxide.

Zinc sulphate is used in dyeing and calico-
printing, in the manufacture of varnishes and
drying oils for painting, for the préparation of
zinc white and other zinc compounds, and in
pharmacy as an astringent, and in lotions, washes,
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and gargles. It is also occasionally employed
as an emetic, and in the treatment of eonvulsive

■ diseases. A number of basic sulphates, formed
by digesting the oxide or hydrate with strong
solutions of zinc vitriol, or precipitating such
solutions with varying quantities of potash, can
be formed.

Zinc sulphate combines with ammonia and
ttith other sulphates to form double salts.

Zinc carbonate ZnC03 occurs native as cala-
i mine or zinc spar. It can be formed artificially

by adding zinc sulphate solution to a solution of
acid sodium carbonate. When the normal car¬
bonate is employed, basic zinc carbonates are
formed, the proportion of zinc oxide varying
ïith the température and dilution of the solu¬
tions. The zinci carbonas of the British Pharma-

. copœia has the composition ZnC03(Zn0)2.8H20.
At a red beat it loses earbon dioxide and forms

; zinc oxide.
Zinc chromate v. Chromium.
Zinc acetate and valerianate are also em-

. ployed in medieine for the same purpose as the
sulphate, and also as tonics. The former sait
is also used in dyeing, and is usually prepared

, by mixing lead acetate and zinc sulphate solu¬
tions.

Zinc phosphide Zn3P2 is obtained as crystal-
line friable masswith metallic lustre, by heating
zinc in phosphorus vapour in an atmosphère of

r dry hydrogen. It is used in medieine in place
of phosphorus.

Zinc sulphide ZnS, as blende, is one of the
most important ores of zinc. Its value as an
ore of zinc vas first demonstrated by Brandt in
1735 ; it vas formerly regarded as a worthless
lead ore, galena inanis. It is found crystallised
in forms derived from the régulai- System,

1 usually of a red, brown, or black colour, due to
the presence of foreign metals. Occasionally it
is met with of a light-yellow colour ; sp.gr.
3-5-4-2.

It is obtained artificially as a white amor-
phous precipitate by adding an alkaline sulphide
to a solution of a zinc sait. It is soluble in
dilute minerai acids, but is insoluble in acetic
acid. When heated in a stream of sulphuretted
hydrogen, it forms hexagonal crystals identical
in form with a naturally oecurring variety known

I as wurtzite.
Zinc sulphide, or a mixture of zinc sulphide

and oxide, is used as a pigment. Griffiths'
'patent zinc white ' is obtained by the addition
of a soluble sulphide to zinc chloride orsulphate

.. solution, drying the precipitate, and calcining it.
'

It is raked out whilst hot into cold water, and
j levigated (S. C. I. 4, 564). See also Griffith's

Eng. Pat. 750, 1883 ; Knight, Eng. Pat. 16,220,
1884 ; J. B. Spence, Eng. Pat. 13,462, 1885 ;
11,128, 1885.

Zinc orthosilicate Zn2Si04 occurs native as
Willemite. Siliccoîis calamine, used to some
estent as an ore of zinc, is a hydrated ortho¬
silicate Zn.,Si04.H20. It is found in unsym-

fl metrically-terminated rhombic prisms, and, like
1 tourmalin, boracite, sugar, and other unsym-

metrical crystals, it is pyro-electric—that is, on
'

wrming, one end beeomes positively, the other
negatively, electrified.

For methods of detecting and estimating
zinc v. Analysis.

Vol. III,—T

ZINC BLENDE v. Zinc.
ZINC-DUST (VALUATION OF). Klemp has

devised a process for the above purpose wh'ich
dépends on the power of zinc to reduce potassium
iodate to potassium iodide in an alkaline solu¬
tion. When the solution is afterwards acidified,
iodine is liberated by the interaction of the
iodic and hydriodic acids, and is distillée! olï
from the reaction mixture into potassium iodide
solution, and titrated with thiosulphate. The
détails of the method are as follows : —

0-5-1 grm. of the well-mixed zinc-dust is
weighed in a tube, and poured into a 200 e.c.
stoppered flask, the tube being again weighed.
For every 0-1 grm. of zinc présent, 10 c.c. of a
solution of alkali (containing 370 grms. of potas¬
sium hydroxide, or 300 grms. of sodium hy-
droxide per litre), and 3 c.c. of a solution of
potassium iodate (containing 15-25 grms. of
potassium iodate per 300 c.c.) are measured into
a beaker, and then poured into the llask. Some
glass beads are added, and the flask stoppered
and shaken for five minutes in the cold, no

advantage being gained by heating it. Its con¬
tents are then washed into a 250 or 500 e.c.

flask, and made up to the mark with water.
100 c.c. are now pipetted into the retort of a
Topf's apparatus (Fr. 26, 293), dilute sulphuric
acid is added, and the apparatus filled with
carbon dioxide. A solution of potassium
iodide is placed in the receiver, and the
retort heated, at first gently, and then more
stronglytill the contents are perfectly colourless.
The stream of carbon dioxide is continued
throughout the distillation, which generally
occupies about 20 minutes. The solution of
iodine in potassium iodide is then transferred
from the receiver into a flask, a standard solution
of sodium thiosulphate added in slight excess,
and the excess titrated back with weak standard
iodine solution, starch being used as an indi-
cator. After eorrecting for the excess, the quan-
tity of zinc is calculated from the amount of
thiosulphate used.

Klemp finds that the addition of powdered
lead and iron to the zinc makes very little
différence in the quantity of zinc found by this
process, the results being a little lower in the
presence of these metals.

The results by this method agree well with
those obtained by Fresenius's method, but are
generally. higlier than those obtained by Drew-
son's and lower than those obtained by Topf's
method (G. Klemp, Fr. 29, 253-266 ; S. C. I. 9,
968). For a volumetric method, depending on
the amount of hydrogen evolved by the action of
an acid on zinc-dust, v. S. C. I. 5, 145, 1886.

ZINC FLOWERS. Zinc oxide produeed by
combustion ; v. Zinc.

ZINC GREEN, Cobalt green, or Rinmann's
green ; v. Cobam ; also Pigments. This term
is also applied to a mixture of zinc yellow and
Prussian blue.

ZINC SPAR. Syn. with calamine ; v. Zinc.
ZINC VITRIOL. Zinc sulphate v. Zinc.
ZINC WHITE v. Zinc.
ZINC YELLOW, or Buttercup yellow and

Zinc chromate, v. Chkomium.
ZINKENITE or ZINCKENITE. Lead sul-

phantimonite v. Antimony.
ZIRCONIUM. Zr. At.w. 90-4 (Marignac;
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Bailey). Zirconium occurs in eircoii and
hyacmtli as silicate ZrSi04, in koppite from tlie
Kaiserstûhl, and in other rare minerais.

It lias been prepared as an amorphous
powder and in brittle crystalline scales of
sp.gr. 4-15, resembling antimony. The amor¬
phous form bums when gentlv warmed in air.
Zirconium combines with sulphur when heated
in a current of hydrogen. It dissolves only in
hydroflûorio acid and aqua regia. It belongs to
the group of metals containing tin, titanium, and
thorium.

Zirconium oxide, zirconia Zr02. Powdered
zircon is mixed with 3 parts of acid potassium
liuoride, and heated in a platinum crucible until
free from water. The crucible is placed in a
Hessian crucible, and strongly heated in a wind
furnace for two hours. The cooled mass is
boiled out, the insoluble potassium silicofluoride
is filtered off, and the soluble potassium zir-
■conofluoride is crystallised out, heated with sul-

-ZYMURGY.

phuric acid until free from hydrofiuoric acid
and dissolved in water, the oxide being pre-
cipitated by the addition of cold ammonia. Zir¬
conia lias been used to replace lime in the
oxy-hydrogen and oxy-coal-gas flame, and, in
conjunction with thoria, lanthana, yttria, and
other rare earths, for forming the cap of Auer
von Welsbach's incandescent gas-burner, these
oxides becoming powerfully incandescent in the
flame. Zirconia is an acid oxide, and forma
zirconates.

An oxide of composition Zr205 lias been
prepared by G. H. Bailey, and still higher oxides
liave been obtained by Clève and Bailey. The
tetrachloride, tetrabromide, tetriodide, sulphate,
and other salts of zirconium are also known.

ZYMURGY. A term used to dénoté that
section of applied chemistry which treats of
the seientific principles of those arts in which
fermentation is employed— e.g. préparation of
yeast, vinegar, wine, beer, alcohol.

TIIE END.
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